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San Francisco Bay Regional Water Enhancement Program IRWM Round 
2 Implementation Proposal 

Attachment 3 References 

Project 1. Bay Area Regional Conservation and Education Program 
1. Water Conservation Market Penetration Study, EBMUD, 2001 

2. Handbook of Water Use and Conservation, Amy Vickers, 2002 

3. CUWCC MOU Exhibit 6, ULFT Savings Assumption, CUWCC, 1992 

4. Potential Best Management Practices, CUWCC, 2006 

5. California Energy Commission 

6. Bern, Kansas Clothes Washer Study, US Department of Energy, 1998 

7. Bay-Friendly Landscape Guidelines, Sustainable Practices for the Landscape Professional, 
StopWaste.org, 2008 

8. Large Landscape Water Audit Savings Study, Contra Costa Water District, 1994 

9. Water Use Classification of Landscape Species (WUCOLS), UC Cooperative Extension, 1994 

10. Xeriscape Conversion Study, Southern Nevada Water Authority, 2005 

11. Aquacraft, Inc. 2011. California Single-Family Water Use Efficiency Study.  

12. California Urban Water Conservation Council. 2004. BMP Costs & Savings Study: A Guide to Data 
and Methods for Cost-Effectiveness Analysis of Urban Water Conservation Best Management 
Practices. Sacramento, CA: Prepared by A & N Technical Services, Inc. for California Urban Water 
Conservation Council.  

13. Aquacraft, Inc. 2009. Evaluation of California Weather-Based “Smart” Irrigation Controller 
Programs. July 1. Presented to the California Department of Water Resources by the 
Metropolitan Water District of Southern California and the East Bay Municipal Utility District. 

14. ET Controller Unit Savings, MWDOC, 2004 

15. Dukes, M.D.  2012.  Water conservation potential of landscape irrigation smart controllers. 
Transactions of the ASABE 55(2): 563-569.  Pages 565 and 566. 
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16. SFPUC Retail Water Conservation Plan, SFPUC 2011. 

17. SFPUC. 2009. Water Supply Availability Study for the City and County of San Francisco. 

18. BAWSCA. 2009. Water Conservation Implementation Plan. September. 

19. Water Conservation Master Plan, EBMUD, 1994. 

20. CCWD Future Water Supply Implementation Final EIR, 1999. 

21. East Bay Municipal Utility District. 2012. Water Supply Management Program 2040 Plan. 
Oakland, California: East Bay Municipal Utility District. 

22. SCVWD. 2008.  Water Use Efficiency Strategic Plan. 

23. SCVWD CVPIA Water Conservation Plan, 2005 

24. 2009. Water Conservation Implementation Plan; pages 7-9–7-10 and 8-11–8-12 

25. 2012. Annual Water Conservation Report, FY 2010-11 BAWSCA Water conservation Programs 
Annual Report Final February 24, 2012; pages 15 and 49-50 

26. Advisory Committee. 2013. California Water Plan Update 2013. Draft. Page 3-13. Accessed 
March 5, 2013 at: http://www.waterplan.water.ca.gov/docs/cwpu2013/2012-ac-
draft/Vol3_Ch03_UrbanWUE_AdvisoryCommitteeDraft_ss.pdf  

27. American Water Works Association. 2013. “Drip Calculator.” Accessed March 5, 2013 at 
http://www.awwa.org/resources-tools/public-affairs/public-information/dripcalculator.aspx 

28. CALGreen Code, Water efficiency requirements begin on page 17 

29. ConSol. 2010. Water Use in the California Residential Home. January. Accessed March 5, 2013 at 
http://www.cbia.org/go/cbia/?LinkServID=E242764F-88F9-4438-9992948EF86E49EA 

30. Dukes, M.D. 2012.  Water conservation potential of landscape irrigation smart controllers. 
Transactions of the ASABE 55(2): 563-569. 

a. Page 565:  Table 1. Summary of smart irrigation controller studies and irrigation savings 
in plot-scale scientific studies. 

b. Page 566:  Table 2. Summary of smart irrigation controller pilot tests and irrigation 
savings in home/commercial landscapes. 

31. Koeller and Company. 2008. Toilet Replacement Programs in the U.S. May 1. 
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32. Koeller and Company. 2010. Interactions Among AB 715 (Laird 2007), SB 407 (Padilla 2009), and 
CALGreen Building Standards. pp. 2, 6. 

33. Koeller and Company. 2010. Toilet and Urinal Fixtures in the California Codes. 

34. Koeller and Company. 2012. High-Efficiency Plumbing Fixture Direct Install Water Savings 
Analysis. For Santa Clara Valley Water District and California Urban Water Conservation Council. 
October. 

35. Koeller and Company. 2012. Water Savings from Toilet Fixture Replacements – Santa Clara 
Valley Water & Sonoma County Water. December. 

36. Alliance for Water Efficiency. 2010. Water Conservation Tracking Tool Version 1.2 User Guide: A 
Tool for Planning and Tracking Urban Water Conservation Programs. August. Pages 92,96, 108, 
138-145, 158-161, 166-168, 172-174, 225-227 and 228-230. 

37. SCVWD. FY 2005-2006. Water Use Efficiency Program Annual Report. 

38. San Francisco PUC (SFPUC) and RPD. 2009. San Francisco Parks Water Conservation Plan, Final 
Report. Pages 2-1 to 2-15. 

Project 2. East Bayshore Recycled Water Project Phase 1A (Emeryville) 
1. East Bay Municipal Utility District. 2000. Facilities Plan for the East Bayshore Recycled Water 

Project. December. 

2. East Bay Municipal Utility District. 2010. Urban Water Management Plan. June. 

3. East Bay Municipal Utility District. 2012. Water Supply Management Program 2040 Plan. 
Oakland, California. April. 

See Attachment 3, Project 1 References 

4. Parsons. 2001. East Bayshore Recycled Water Project Final EIR. Oakland, California. May. 

Project 3. Lagunitas Creek Watershed Sediment Reduction and Management 
Project 

1. CDFG. 2011 and 2013. California Department of Fish and Game, Marin County, Lagunitas Creek 
Watershed, Stream Habitat Assessment Reports: Unnamed Tributaries 1, 2, and 3 of Lagunitas 
Creek. 

2. DFG. 1998. California Salmonid Stream Habitat Restoration Manual – Excerpt. 

3. Google Maps. 2013. Bay Area Ridge Trail map.  

4. MMWD. 2011. Lagunitas Creek Stewardship Plan. 

5. MMWD and Ettlinger, et al. 2009. Lagunitas Creek Salmon Spawner Survey Report 2008-2009. 
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6. MMWD and Ettlinger, et al. 2012. Juvenile Salmoind Population Monitoring Report, Lagunitas 
Creek: Fall 2011. 

7. NOAA, National Marine Fisheries Service. 2012. Federal Central California Coast Coho Recovery 
Plan – Executive Summary. September. 

8. O’Connor Environmental. 2012. Sediment and Streambed Monitoring Plan for Lagunitas Creek 
For MMWD. 

9. Stetson Engineers. 2002. San Geronimo Creek Watershed Sediment Sources Site Assessment. For 
MMWD. 

10. Stetson Engineers. 2012. Lagunitas Creek Unpaved Roads Sediment Source Site Assessment. 
Draft, for MMWD and CDFW. 

11. Stetson Engineers. 2013. Jewell Creek Culvert Replacement Project: 100-year flow analysis and 
50% design submittal. For MMWD. 

12. Stillwater Sciences. 2007. Middle Lagunitas Creek Watershed Sediment Delivery Analysis. For 
County of Marin. 

13. Stillwater Sciences. 2008. Lagunitas Limiting Factors Analysis: Limiting Factors for Coho Salmon 
and Steelhead. For Marin Resource Conservation District. 

Project 4. Marin/Sonoma Conserving Our Watersheds: Agricultural BMP 
Projects 

1. California Department of Fish and Wildlife (CDFW). 2010. California Salmonid Stream Habitat 
Restoration Manual. 4th Edition. Available: 
http://www.dfg.ca.gov/fish/Resources/HabitatManual.asp  

2. Groundwork: A Handbook for Small-Scale Erosion Control in Coastal California.  

3. Marin Resource Conservation District. 2010. Marin Coastal Permit Coordination Program Initial 
Study and Mitigated Negative Declaration for Marin Coastal Watersheds Permit Coordination 
Program. November. Prepared by Prunuske Chatham, Inc. (SCH # 2004052008) 

4. Lewis, D., M. Lennox, N. Scolari, L. Prunuske, C. Epifanio. 2011. A Half Century of Stewardship: a 
programmatic review of conservation by Marin RCD & partner organizations (1959-2009). 
Prepared for Marin Resource Conservation District by U.C. Cooperative Extension, Novato CA. 99 
- Page iv. http://cemarin.ucdavis.edu/files/130468.pdf  

5. Natural Resources Conservation Service. 2011. Conservation Practice Specifications and 
Standards; BMPs #560 Access Roads, #575 Animal Trail and Walkway, #342 Critical Area 
Planting, #382 Fence, #393 Filter Strip, #396 Fish Passage, #395 Fish Stream Improvement, #410 
Grade Stabilization Structure, #412 Grassed Waterway, #468 Lined Waterway, #516 Pipeline, 
#350 Sediment Basin, #574 Spring Development, #580 Streambank Protection, #584 Stream 

http://www.dfg.ca.gov/fish/Resources/HabitatManual.asp
http://cemarin.ucdavis.edu/files/130468.pdf
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Channel Stabilization, #587 Structure for Water Control, #614 Trough/Tank, #620 Underground 
Outlets, and #638 Water and Sediment Control Basin. June. 

6. Southern Sonoma County Resource Conservation District. 2008. San Antonio Creek Watershed 
Plan http://www.sscrcd.org/pdf/San%20Antonio%20Creek%20Plan%20(3-31-08)_web.pdf 

7. Tomales Bay Watershed Council. 2003. Tomales Bay Watershed Stewardship Plan: A Framework 
for Action. http://www.tomalesbaywatershed.org/stewardship_framework.pdf  

8. Lennox, M., N. Scolari, and D. Lewis. 2010. Riparian Zone Monitoring Plan. Prepared by 
University of California Cooperative Extension for Marin Resource Conservation District, Point 
Reyes Station CA. 75 p. http://cesonoma.ucdavis.edu/files/76316.pdf  

Project 5. Napa Milliken Creek Flood Damage Reduction and Fish Passage 
Barrier Removal 

1. HDR Engineering. 2010. Preliminary results for the Milliken Creek crossing at Silverado Resort. 
November. 

2. HSI Hydrologic Systems. 2007. Milliken Creek Flood Mitigation and Restoration Analysis. 
December. 

3. Napa County Resource Conservation District. 2012. Milliken Creek Steelhead Habitat Modeling 
and Instream Flow Study. December. 

4. Riechers and Spence Associates. 2011. Cost Benefit Evaluation for Milliken Creek Flood 
Mitigation Measures. December. 

Project 6. North Bay Water Reuse Program—Sonoma Valley CSD 5th Street 
East/McGill Road Recycled Water Project  

1. California Department of Public Health. 2001. California Health Laws Related to Recycled Water, 
“The Purple Book,” Excerpts from the Health and Safety Code, Water Code, and Titles 22 and 17 
of the California Code of Regulations. Last Update: June 2001. 

2. CDM Smith. 2012 (October). North Bay Water Reuse Program Phase 2 Project Definition Scoping 
Study Report. Prepared for North Bay Water Reuse Authority. 

3. Environmental Science Associates (ESA). 2006 (September). Sonoma Valley Recycled Water 
Project Draft. Environmental Impact Report (SCH# 2005092083). Prepared for the Sonoma Valley 
County Sanitation District. 

4. Environmental Science Associates (ESA). 2006 (December). Sonoma Valley Recycled Water 
Project Final. Environmental Impact Report. Certified by Sonoma Valley County Sanitation 
District, 12/06 (SCH# 2005092083). Prepared for the Sonoma Valley County Sanitation District. 

http://www.sscrcd.org/pdf/San%20Antonio%20Creek%20Plan%20(3-31-08)_web.pdf
http://www.tomalesbaywatershed.org/stewardship_framework.pdf
http://cesonoma.ucdavis.edu/files/76316.pdf
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5. Environmental Science Associates (ESA). 2009. Draft North San Pablo Bay Restoration and Reuse 
Project Environmental Impact Report/Environmental Impact Statement (SCH# 2008072096). 
Prepared for Bureau of Reclamation and North Bay Water Reuse Authority. 

6. Environmental Science Associates (ESA). 2009. Final North San Pablo Bay Restoration and Reuse 
Project Environmental Impact Report/Environmental Impact Statement (SCH# 2008072096). 
Prepared for Bureau of Reclamation and North Bay Water Reuse Authority. 

7. M.Cubed. 2007 (May). Importance of Recycled Water to the San Francisco Bay Area. Prepared 
for Bay Area Clean Water Agencies. 

8. Sonoma County Water Agency. 2010. Urban Water Management Plan 2010. 

9. Sonoma County Water Agency. 2007. Sonoma Valley Groundwater Management Plan. 

10. Sonoma County Water Agency. 2005. Sonoma Valley Recycled Water Feasibility Study; On Behalf 
of Sonoma Valley County Sanitation District, Valley of the Moon Water District, City of Sonoma. 
December 2005. 

11. Sonoma County Water Agency and Bureau of Reclamation. 2008. Phase 3 Engineering and 
Economic/ Financial Analysis Report for the North San Pablo Bay Restoration and Reuse Project. 

12. SVCSD Recycled Water Line at McGill Road 90% Complete Project Designs. 

Project 7. Oakland Sausal Creek Restoration Project 
1. City of Oakland. 2007. Sausal Creek Restoration Project at Dimond Canyon, California River 

Parkways Grant Application. Prepared by City of Oakland Watershed Improvement Program. 

2. HortScience, Inc.  2012. Tree Management Report: Sausal Creek Restoration Project in Dimond 
Park, Oakland, CA.  Prepared for Restoration Design Group LLC. Retrieved February 24, 2013, 
from City of Oakland: 
http://www2.oaklandnet.com/oakca1/groups/pwa/documents/report/oak039116.pdf 

3. Demgen, F, J. Hagar, and T. Cooke. 1998. Technical Memorandum Aquatic Resource Inventory of 
Oakland Streams. Prepared for City of Oakland. October 1. 

4. Hagar, J.  2011. “Sausal Creek Restoration Project at Dimond Canyon”:  Letter evaluating fish 
habitat to Kristin Hathaway, CSM, City of Oakland Watershed Program Specialist, City of Oakland 
Public Works Agency.  Prepared for Restoration Design Group by Hagar Environmental Science. 
April 12. 

5. Lowe, M.  2012. Sausal Creek Restoration at Dimond Park: Biological Resources Survey Report.  
Prepared for City of Oakland by ESA Biological Resources and Land Management Group. 
December 10. 

http://www2.oaklandnet.com/oakca1/groups/pwa/documents/report/oak039116.pdf
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6. Marcus, L. 2010.  Sausal Creek Watershed Enhancement Plan.  Prepared by Laurel Marcus and 
Associates, New Fields River Basin Services, Hydrologic Systems, Inc. for the City of Oakland. 
Retrieved February 24, 2013, from Friends of Sausal Creek: 
http://www.sausalcreek.org/Plan/SCWEP.pdf 

7. Ng, C and Dare, C.  2011. Geotechnical Study, Sausal Creek Restoration Project in Dimond Park.  
Prepared by FUGRO CONSULTANTS, Inc. for City of Oakland. 

8. Paulsell, K. 2010. ”The Fish Story.” August. Retrieved April 22, 2011, from Friends of Sausal 
Creek: http://www.sausalcreek.org/sausal/nature_pdf/Fish_Story.pdf 

9. Restoration Design Group, LLC.  2011. Sausal Creek Restoration Project in Dimond Park, Design 
Basis Memorandum. Prepared by Erik Stromberg, RDG, for City of Oakland. April 29. 

10. Restoration Design Group, LLC.  2012. Sausal Creek Restoration Project in Dimond Park, Final 
Review Hydraulic Memorandum. Prepared by Erik Stromberg, RDG, for City of Oakland. April 16. 

Project 8. Pescadero Water Supply and Sustainability Project 
1. County of San Mateo. 2013. “Part B – Technical Specifications.” Water Supply Well and Storage 

Reservoir 75% Specifications. Draft. March. 

2. County of San Mateo, Department of Public Works. 2011.  Pescadero Community Water System 
(County Service Area No. 11) Public Meeting, October 19. 
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer
%20and%20Water/Water%20Services/CSA11%2010%2019%202011%20Public%20Meet%20Pre
s.pdf 

3. County of San Mateo, Department of Public Works. 2011.  Pescadero Community Water System 
– County Service Area No. 11 (CSA11) August 2011 Water Outage Report. 

4. County of San Mateo, Department of Public Works. 2012.  Adoption of Water Rates and Charges 
for County Service Area No. 11, Pescadero Area. May 30, 2012. 
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer
%20and%20Water/Water%20Services/CSA11%20BOS%20Adopt%20Rates%202012-06-
26%20.pdf 

5. HydroScience Engineers. 2012. “Proposal for Engineering Services – CSA 11 Water Supply 
Project.” Dated November 8 (updated December 18) from Curtis Lam to Edelzar Garcia. 

6. HydroScience Engineers, Inc. 2013. Technical Memorandum #1: Water Supply Reliability. 

7. Kennedy/Jenks/Chilton. 1986.  Project Description: Water System for the Pescadero Rural 
Service Center, County of San Mateo. 

8. Koretsky King Associates. 1976.  Community Water Plan for the Town of Pescadero, County of 
San Mateo. September. 

http://www.sausalcreek.org/Plan/SCWEP.pdf
http://www.sausalcreek.org/sausal/nature_pdf/Fish_Story.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%2010%2019%202011%20Public%20Meet%20Pres.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%2010%2019%202011%20Public%20Meet%20Pres.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%2010%2019%202011%20Public%20Meet%20Pres.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%20BOS%20Adopt%20Rates%202012-06-26%20.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%20BOS%20Adopt%20Rates%202012-06-26%20.pdf
http://www.co.sanmateo.ca.us/publicworks/Divisions/Flood%20Control,%20Lighting,%20Sewer%20and%20Water/Water%20Services/CSA11%20BOS%20Adopt%20Rates%202012-06-26%20.pdf
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9. Pescadero Municipal Advisory Council. 2011. Meeting Minutes September 13, 2011. Calculated 
internally using references from East Bay Municipal Utility District. 
http://pescaderocouncil.files.wordpress.com/2011/10/pmacsept13minutes2011.pdf 

10. Pescadero Municipal Advisory Council. 2012. Meeting Minutes December 11, 2012. 
http://pescaderocouncil.files.wordpress.com/2013/01/pmac-meeting-minutes-dec-11-2012.pdf 

11. Rural Community Assistance Corporation. 2013. “Pescadero (CSA 11) Community Median 
Household Income Survey Results.”Final results letter from Karen D. McBride to Carole Foster. 
March 15, 2013. 

12. San Mateo County, County Service Area 11. 2013. (Pescadero) “Water Supply Project Storage 
Tank and Well 75% Submittal.” March. 

13. San Mateo County Health Department. 2006. Community of Pescadero, Pescadero Sewer 
Project Income Survey Results and Request for Eligibility Determination, SCG No. 959. 
http://pescaderocouncil.files.wordpress.com/2012/01/pescadero-2006-income-survey.pdf 

14. San Mateo County Planning and Building Department. 1986. San Mateo County General Plan, 
Chapter 10: Water Supply. http://www.co.sanmateo.ca.us/planning/genplan/index.html 

15. San Mateo Local Agency Formation Commission. 2011. Municipal Service Review and Sphere of 
Influence Update for County Service Area 11 (Pescadero). October 12. 
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/2011_10_19_lafco_agenda_item4.pdf 

16. Todd Engineers. 2002. Assessment of Source Water for the Pescadero Water System - CSA 11. 
Prepared for Department of Public Works, San Mateo County, California. 
http://www.co.sanmateo.ca.us/publicworks/ContentUnassigned/CSA11%20Assessment%20Rep
ort%20March%2002.pdf 

17. Winzler & Kelly Consulting Engineers. 2009.  Pescadero Fire Flow Analysis Memorandum. May 1. 
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/lafco_pescadero_comm_fireflow_final
_analysis.pdf 

Project 9. Petaluma Flood Reduction, Water & Habitat Quality, and Recreation 
Project for Capri Creek 

1. City of Petaluma. 1996. Petaluma River Access and Enhancement Plan. Available:  
http://cityofpetaluma.net/pubworks/fp-river-enhancement.html 

2. City of Petaluma. 2008. City of Petaluma: General Plan 2025. May. Available: 
http://cityofpetaluma.net/cdd/plan-general-plan.html 

3. City of Petaluma. 2010. City of Petaluma Floodplain Management Plan. October. 

4. Naphtali H. Knox & Associates, Inc. and Wagstaff and Associates. 1989. Corona/Ely Specific Plan. 
Prepared for the City of Petaluma. May 1. 

http://pescaderocouncil.files.wordpress.com/2011/10/pmacsept13minutes2011.pdf
http://pescaderocouncil.files.wordpress.com/2013/01/pmac-meeting-minutes-dec-11-2012.pdf
http://pescaderocouncil.files.wordpress.com/2012/01/pescadero-2006-income-survey.pdf
http://www.co.sanmateo.ca.us/planning/genplan/index.html
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/2011_10_19_lafco_agenda_item4.pdf
http://www.co.sanmateo.ca.us/publicworks/ContentUnassigned/CSA11%20Assessment%20Report%20March%2002.pdf
http://www.co.sanmateo.ca.us/publicworks/ContentUnassigned/CSA11%20Assessment%20Report%20March%2002.pdf
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/lafco_pescadero_comm_fireflow_final_analysis.pdf
http://www.co.sanmateo.ca.us/Attachments/lafco/pdfs/lafco_pescadero_comm_fireflow_final_analysis.pdf
http://cityofpetaluma.net/pubworks/fp-river-enhancement.html
http://cityofpetaluma.net/cdd/plan-general-plan.html
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5. Sonoma County Water Agency. Sonoma County Water Agency Petaluma River Watershed 
Master Drainage Plan (project location on map no. 29 of document). 

6. The Southern Sonoma County Resource Conservation District and the people of the Petaluma 
Watershed. 1999. Petaluma Watershed Enhancement Plan. July. Available:  
http://www.sscrcd.org/publications.php#pwep 

7. USACE. Hydrologic Engineering Center’s River Analysis System (HEC-RAS) Analysis Report. 
Includes illustrated cross-sections for creating flood terrace and season wetlands areas. 

8. Waxman Environmental Consulting & Services, Questa Engineering Corporation, and City of 
Petaluma, Planning Department. 1996. Restoration Design and Management Guidelines for the 
Petaluma River Watershed: Volume I and Volume II, Restoration and Revegetation Design. July. 

9. WEST Consultants, Inc. 2013. Capri Creek Terracing XP-Storm Evaluation Results Summary. 
February 13. To Pamela Tuft and Kent Carothers, City of Petaluma.  

Project 10. Redwood City Bayfront Canal and Atherton Channel Flood 
Improvement and Habitat Restoration Project 

1. Moffatt & Nichol (M&N). 2012. Bayfront Canal and South Bay Salt Ponds S5/R5 Flood Mitigation 
Feasibility Study. Prepared for City of Redwood City. May 22. 

2. URS. 2012. Opportunities and Constraints for Ravenswood Pond Complex, South Bay Salt Ponds 
Restoration, Phase II. Prepared for State Coastal Conservancy. June 28. 

Project 11. Regional Groundwater Storage and Recovery Project Phase 1A - 
South Westside Basin, Northern San Mateo County 

1. City of San Francisco. 2009. EIR Notice of Preparation for Regional Groundwater Storage and 
Recovery (GSR) Project. (Case 2005.0164E). 

2. MWH, Inc. 2007. San Francisco Public Utilities Commission Water System Improvement Program 
Groundwater Conjunctive Use Project - WSIP Project CUW30103 - Final Alternatives Analysis 
Report. For San Francisco Public Utilities Commission (SFPUC). October. 

3. MWH, Inc. 2008. San Francisco Public Utilities Commission Water System Improvement Program 
Groundwater Conjunctive Use Project - WSIP Project CUW30103 - Conceptual Engineering 
Report. For SFPUC. November. 

4. SFPUC. 2012. South Westside Basin Groundwater Management Plan. July. 
http://sfwater.org/Modules/ShowDocument.aspx?documentid=3104. 

Project 12. Richmond Breuner Marsh Restoration Project 
1. California Regional Water Quality Control Board. 2011. Plan/Goal: San Francisco Bay Basin 

(Region 2) Water Quality Control Plan. San Francisco. 
http://www.waterboards.ca.gov/sanfranciscobay/basin_planning.shtml 

http://www.sscrcd.org/publications.php#pwep
http://sfwater.org/Modules/ShowDocument.aspx?documentid=3104
http://www.waterboards.ca.gov/sanfranciscobay/basin_planning.shtml
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2. California State Coastal Conservancy. 2007. Strategic Plan. 
http://scc.ca.gov/strategic-plan-2007/ 

3. East Bay Regional Park District. 2012. Breuner Marsh Restoration and Public Access Improvement 
Project 60% Plans. Richmond, California. November 1, 2012.  

4. Monroe, M, Olofson PR, Collins JN, Grossinger RM, Haltiner J, and Wilcox C. 1999. Baylands 
Ecosystem Habitat Goals Report Recommendations. U. S. Environmental Protection Agency, San 
Francisco, Calif./S.F. Bay Regional Water Quality Control Board, Oakland, Calif. 
http://www.sfei.org/node/2123/ 

5. Natural Heritage Institute. 2007. The Rheem Creek Watershed Assessment and Conceptual 
Restoration Plan. http://www.n-h-i.org/uploads/tx_rtgfiles/7734_RheemWA.pdf 

6. National Oceanic and Atmospheric Administration, United States Fish and Wildlife Service, and 
California Department of Fish and Game. 2010. Castro Cove/Chevron Richmond Refinery 
Damage Assessment and Restoration Plan/Environmental Assessment. June. 
http://bit.ly/PlgTBh 

7. San Francisco Bay Joint Venture. 2013. Restoring the Estuary: A Strategic Vision for the 
Restoration of Wetlands and Wildlife in the SF Bay Area. http://www.sfbayjv.org/strategy.php 

8. San Francisco Estuary Institute. 2009. Comprehensive Conservation and Management Plan. 
http://www.sfei.org/CCMPPhase6 

Project 13. Roseview Heights Infrastructure Upgrades for Water Supply and 
Quality Improvement, Santa Clara County 

1. Alvarez & Associates. 2011. Water Easement. APN 612-07-027. 10517 Crothers Road, San Jose, 
CA 95127. November. 

2. Alvarez & Associates. 2011. Water Easement. APN 612-07-033. 10515 Crothers Road, San Jose, 
CA 95127. November. 

3. Alvarez & Associates. 2011. Water Easement. APN 612-07-034. 10495 Crothers Road, San Jose, 
CA 95127. November. 

4. Binkley Associates, Inc. 2012. Roseview Heights Mutual Water Company Water Tank and 
Pipeline Replacement Project Civil Engineering Drawings. September. 

5. California Department of Public Health. 2012. “Replacement of the Bon Vista and Crothers Tanks 
Domestic Water Supply Permit Requirements Roseview Heights Mutual Water Company, Water 
System No. 4300562.” October 10. (CDPH design acceptance letter.) 

6. Murray Engineers, Inc. 2009. Geotechnical Investigation, New Water Tank. APN 612-07-019. 
Crothers Road, Santa Clara County, California. Prepared for Roseview Heights Water Company. 
October. 

http://scc.ca.gov/strategic-plan-2007/
http://www.sfei.org/node/2123/
http://www.n-h-i.org/uploads/tx_rtgfiles/7734_RheemWA.pdf
http://bit.ly/PlgTBh
http://www.sfbayjv.org/strategy.php
http://www.sfei.org/CCMPPhase6


Attachment 3 Master List of References 
 

11 
 

7. Murray Engineers, Inc. 2011. Geotechnical Investigation, New Water Tank. APN 612-50-039. Bon 
Vista Court, Santa Clara County, California. Prepared for Roseview Heights Water Company. 
May. 

8. Roseview Heights Mutual Water Company. 2013. Water and Power Usage 1999, 2004–2012. 
Prepared by Tim Schacher, Board President. January 19. 

Project 14. San Francisco Bay Climate Change Pilot Projects Combining 
Ecosystem Adaptation, Flood Risk Management and Wastewater Effluent 
Polishing 

1. ESA PWA and Peter Baye. 2012. Oro Loma Wet Weather Equalization, Treatment Wetland and 
Ecotone Demonstration Project, Initial Feasibility Study. July 29, 2012.  

2. San Francisco Bay Conservation and Development Commission (BCDC). 2011. Staff Report: Living 
with a Rising Bay: Vulnerability and Adaptation in San Francisco Bay and on its Shoreline. 
October 6, 2011. 

Project 15. San Francisco International Airport Reclaimed Water Facility 

1. CH2M Hill. 2012. “Technical Memorandum 2,” “Technical Memorandum 3,” “Technical 
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EXECUTIVE SUMMARY

It comes as a surprise to many that conventional domestic clothes washers use about 40 gallons of
water – water weighing more than 300 pounds – to wash a load of clothes which typically may
weigh only 7 pounds.  This fact combined with knowledge that, on average, U.S. homes wash
about one wash load each day, makes automatic clothes washers one of the highest end-uses of
water in today’s homes. About 35 billion loads of laundry are washed annually in the U.S. and
this consumes 2.6% of the total residential energy use1. Only a relatively small amount of energy
is used by the clothes washer itself to operate the motor and controls.  A much larger component
is in the energy needed to heat the water used by the washer and in the energy needed to dry
clothes once they have been washed.  Consequently, washers that have low hot water
requirements and have effective spin cycles to remove moisture from the clothing thereby
reducing the energy needed by the dryer, tend to be efficient and as long as the laundry
throughput (load size) is not compromised, will use less water and energy.

Most clothes washers produced for the U.S. consumer are vertical axis (v-axis) washers with a
central agitator.  While there are variations, most v-axis washers suspend the clothes in a tub of
water for washing and rinsing.  As an alternative, the horizontal axis (h-axis) washer tumbles the
wash load repeatedly through a small pool of water at the bottom of the tub to produce the needed
agitation.  This tends to reduce the need for both hot and cold water.  The h-axis washer, popular
in Europe, has a very limited market share in the U.S. at present.  Yet, estimates have shown that
a large quantity of energy and water could be saved through the replacement of conventional v-
axis washers with the h-axis design.  The objectives of this project were:

• to evaluate the energy and water savings of high-efficiency, h-axis washers in a
community which has been converted to the new design,

• to demonstrate the findings, and
• to develop information helpful to utilities (energy and water) and others with an

eye towards moving the current clothes washer market to higher efficiency
options.  This project is a key element under the DOE ENERGY STAR market
transformation program.

The small town of Bern, Kansas (population approximately 200) was selected for this project.
During phase I of the study, 103 clothes washers in the town and surrounding Rural Water
District were instrumented so that data on customer profiles, laundry habits, laundry throughput
(loads and load weight), and energy and water consumption could be measured.  Following a
two-month data collection period, all of the washers were replaced by new, h-axis clothes
washers, and the experiment continued for an additional three-month period.  Overall, detailed
data were collected and analyzed on more than 20,000 loads and nearly 70 tons of wash done by
all of the participants over a wide range of real-world conditions.

Overall, it was found that the changeover to the h-axis washer reduced the average water
consumption from 41.5 gallons/load to 25.8 gallons/load – a water savings of about 38%.  The h-
axis washer’s energy consumption including washer energy and hot water energy fell by 58% due
to hot water savings and the impact of a highly efficient motor in the h-axis.  The remaining
moisture content of damp loads removed from the h-axis washers was, on average, 7% lower than
for loads removed from participants’ phase I v-axis washers, and this would tend to improve the
energy savings from the changeover still further.
                                                          
1 “Revolution, Not Agitation: A New Spin on Clothes Washing”, Home Energy, Vol. 13, No. 6,
November/December 1996, pp. 7-8.
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The data and subsequent analyses also showed that across all loads, temperature settings, use of
detergent and other additives, participants found the cleaning performance of the h-axis
technology to be generally superior to their phase I v-axis washer irrespective of its age.
Participants seemed to adapt easily to the h-axis design, and laundry habits (average load weights,
detergent use, how loads were dried, when loads were washed during the week, wash/rinse
temperatures and other factors) remained largely unchanged from phase I to phase II.

These findings demonstrate convincingly that the tumble-action technology (h-axis design) is
much more energy and water-efficient than the technology present in clothes washers found in the
field today.  Taken together, these findings suggest that a changeover to h-axis technology
delivers large savings in energy and water to the customer with an improvement in cleaning
performance and utility.
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ABSTRACT

The U.S. market for domestic clothes washers is currently dominated by conventional, vertical
axis washers, which typically require about 40 gallons of water for each load.  Although small for
an individual load, the fact that 35 billion loads of laundry are washed annually in the U.S. results
in a substantial quantity of water and energy use.  Although much smaller, today=s market for
high-efficiency clothes washers which use much less water and energy is growing albeit slowly as
manufacturers are making washers based around tumble-action, horizontal axis designs available,
information about their performance and benefits is being developed, and consumers are made
aware of these benefits.

To help build awareness of these benefits and to accelerate markets for high-efficiency washers,
DOE, under its Energy Star Program and in cooperation with Maytag Appliances, conducted a
field-evaluation of high-efficiency washers using Bern, Kansas (population approximately 200)
as a test bed.  Baseline washer performance data as well as customer washing behavior were
obtained from data collected on the existing washers of more than 100 participants in this
instrumented study.  Following a 2-month initial study period, all conventional washers were
replaced by high-efficiency, tumble action washers, and the experiment continued for another 3-
month period.  Based on measured data from over 20,000 loads of laundry, the impact of the
washer replacement on (1) individual customers= energy and water consumption, (2) customers=
laundry habits and perceptions, and (3) the community=s water supply and waste water systems
were determined and are reported.
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GLOSSARY

btu British thermal unit or 3.6 million joules of energy
C/C Temperature setting of washer set on cold water wash and cold water

rinse
Cold Cold water use of washer
CRADA Cooperative research and development agreement
DOE U.S. Department of Energy
Field Field data or data collected in a “real world” setting such as a

person’s home rather than in a tightly-controlled laboratory setting
gal or gals A measure of water use in gallons.  One gallon is equivalent to

3.7854 liters
Gallons/load Gallons of water use per number of loads by the washer
gpm Gallons per minute refers to the rate of water use (gallons) over a

minute time period
H/C Temperature setting of washer set on hot water wash and cold water

rinse
H-axis Horizontal-axis washer design in which the axis of rotation of the

washer drum is horizontal to the floor on which the washer sits
Hot Hot water use of washer
I.D. Identification number or customer number assigned to each

participant in the study
kWh Kilowatt-hour of energy use equivalent to 3413 Btu
Lb or lbs A pound which is a measurement of weight equal to 2.2046

kilograms
Load or load cycle or
cycle

A complete wash/rinse/spin cycle of a washer or a complete cleaning
of dirty clothes

ORNL Oak Ridge National Laboratory, Oak Ridge, Tennessee, managed by
Lockheed Martin Energy Research Corp. for the U.S. DOE

oz Ounce or a unit of weight equal to one-sixteenth of a pound or
approximately 28.35 grams.

Phase I First two months of the Bern Washer Study using conventional v-
axis washers

Phase II Last three months of the Bern Washer Study using new h-axis
washers

RMC Remaining moisture content or moisture remaining in the cleaned
laundry after completing the washer’s final spin cycle

RWD Rural water district
SWS Superwash Saturdays which were two high impact wash days

conducted on June 28th for phase I and September 13th for phase II
Total water Hot plus cold water use of washer combined
TUF Temperature utilization factor which refers to the percent of loads

washed at various wash/rinse washer temperature settings
V-axis Vertical axis (conventional washer design) in which the axis of

rotation of the washer agitator is vertical to the floor
W/C Temperature setting of washer set on warm water wash and cold

water rinse
W/W Temperature setting of washer set on warm water wash and warm

water rinse
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1. OVERVIEW AND OBJECTIVE OF THE FIELD STUDY

Some U.S. appliance manufacturers are beginning to produce high-efficiency residential
clothes washers designed for the U.S. market.  These machines are based on a horizontal axis or
h-axis design in which the clothing is tumbled through a small bath of water rather than being
immersed in a tub of water as is conventionally done with most washers made and sold in the
United States.  Estimates have shown that these machines should use about 40% of the energy
needed for a conventional clothes washer and have about 60% of the water consumption of a
conventional, vertical axis washer.  Further, information suggests that the high spin speed of h-
axis models tends to leave the clothes with less moisture, and this reduces the time needed to dry
the clothes in the dryer.  Consequently, the dryer Χgas or electric Χ consumes less energy.  The
extent to which these savings in energy and water which have been demonstrated in the
laboratory, can be realized in a real-world field setting will have a large influence on the market
for these machines.

Market Challenges - High-efficiency washing machines face challenges to wide-scale
adoption by consumers.  First, these machines tend to cost more than the conventional machines.
Increased sales will foster higher production volumes and better, more efficient plant assembly
line utilization, and, combined with increased competition between manufacturers for market
share, will tend to reduce first costs to the consumer.  However, indications from manufacturers
are that a price premium for high-efficiency washers will remain even in a fully developed
market.  The ultimate market for high-efficiency washers will depend largely on the extent to
which performance advantages of these machines can be made known to justify the higher price.

According to a survey conducted through a consortium of utilities and DOE, 17% of households
who own a washing machine intend to purchase a new machine in the next two years.  Of this
number, only 0.4% reported that they will probably buy a horizontal-axis, high-efficiency washer
in this time period.  These results are not surprising in view of the fact that only 2% of the current
U.S. clothes washer market is for horizontal-axis, high efficiency washers.  The survey found that
a major reason for consumers= not opting for the high-efficiency machine is due to awareness:
consumers were simply not aware of the technology and its benefits in terms of cleaning
performance, reduced operating cost, less water use, and lowered energy consumption.  This lack
of awareness extends from consumers shopping for a clothes washer, to electric and gas utilities
who manage energy efficiency and customer service programs, and to water utilities looking at
ways to encourage water conservation.  The survey also showed that only 25% of respondents
were aware of horizontal-axis washers in residential settings, and in focus groups held as part of
the study, very few participants mentioned this type of machine when asked to describe the
different types of washers currently available.  Other work has confirmed that increased
awareness of the benefits of high-efficiency washers is the key to transforming the market.

The Bern Washer Study – To (1) evaluate the real-world performance of h-axis washers
and (2) to help bring about increased awareness of the benefits of h-axis washers, a small town,
Bern, Kansas was located and used as a test bed for evaluating the performance and acceptability
of h-axis washers.  The 5-month study consisted of (A) gathering water consumption data on the
existing washing machines in Bern to establish a baseline against which the water use pattern of
high-efficiency washers can be measured, and (B) switching out these washers with high-
efficiency h-axis models, and (C) determining the savings in water, energy consumption and
changes in laundry habits other impacts experienced by the town and its residents from a
changeover to the h-axis machines.



- 2 -

2. HOW THE STUDY WAS CONDUCTED

The study was conducted through a CRADA between Lockheed Martin Energy Research
Corporation and Maytag Appliances with additional participation by the Kansas Rural Water
Association, and the U.S. Bureau of Reclamation (providing municipal water metering and on-
site personnel to help monitor Bern’s community water systems).  The study involved:

• establishing criteria for the field test site,
• locating the site (community) which best fulfilled the criteria,
• conducting the field study, and
• reporting the findings as through this report.

Further dissemination of project results to target audiences remains an important objective.

3. INITIATING THE PROJECT

3.1. SITE SELECTION CRITERIA

It was anticipated that much of the success of the field study depended on (1) developing a set of
desirable characteristics for the test site to possess, and (2) finding a site which had these
characteristics and whose residents were willing to participate in the study.  The principal
attributes to be possessed by the town included the following:

∃ A small size.  The available resources (funds, equipment, instrumentation and
personnel) limited the number of participants in the study to about 80 to 100.  This represents the
number of clothes washer sites (e.g. homes) which could be instrumented and used to evaluate the
performance of the existing washer as well as the h-axis model.  It was also important that a large
fraction of the total number of washers in the town be included in the study so that the impact of
clothes washers on the entire town’s water consumption and waste water generation could be
evaluated.  Estimates have shown that the penetration of clothes washers in homes is about 78%
nationally.2  By assuming that the chosen town would have the same penetration of clothes
washers as found nationally, the selected town would need to have 100 to 130 homes and have a
population in the range of 200 to 300 persons.  This estimate was based on the assumption that
most homeowners with washers would qualify and become participants in the study.

• Presence of community water utilities.  An objective of the study was to determine the
impact of clothes washers on municipal utilities, that is, the impact on a town’s water supply and
wastewater disposal systems.  To meet this objective, the study needed to take place in a town
which had a central water utility which metered the water sold to each customer, and a sewer
system for collecting and treating waste water.  While they may have a community water supply,
many smaller, rural towns would tend to rely on subsurface waste disposal (septic tanks).  A
much smaller number of towns were expected to have centralized water and sewage disposal
facilities, yet it was deemed essential that the town selected for the study have these features.

• Presence of a water problem.  It was felt that interest and participation would be
enhanced by conducting the study in a community which either had experienced a water problem
or was currently plagued with a water-related problem, and to evaluate the degree to which h-axis

                                                          
2 Appliance Magazine, 44th Annual Report, Statistical Review, April 1997, p. 86.
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washers could contribute to the solution.  The communities “water problem” could have taken
many forms such as: chronic seasonal droughts, inadequate waste water treatment facilities, a
population growth which is outstripping the capacity of the water providers, or lack of availability
of fresh water – all were candidate considerations in the site selection.

• Participant willingness and enthusiasm.  The conventional approach to field studies of
this type involves instrumentation and data collection that does not involve the participant and
does not require assistance by participants.  In this study, it was essential that the participants be
willing to help gather the data from instrumentation placed on their washer and to provide
information on each load of laundry washed.  This approach was taken because the expense of
distributed automatic data acquisition systems was far beyond the study’s resources, and because
some of the information needed for the study required input from the participants.

3.2. SITE SELECTION PROCESS

Anticipating that small, rural towns would be likely to satisfy the criteria for the study, we
contacted the National Rural Water Association to get their assistance in identifying candidate
sites, communities or towns.  Through this association and with the assistance of other groups, we
contacted all of the state rural water associations and/or state environmental agencies requesting a
listing of sites, which met the criteria for the study.  A list of potential sites was screened, and
where information was missing, calls to the appropriate state agency or town official were made.
In some cases, site visits were made.  The town of Bern, Kansas was selected based on a high
ranking of all of the criteria mentioned.

3.3. BERN KANSAS

Located about 75 miles west of St. Joseph, Missouri and 4 miles south from the Nebraska state
line, Bern is a thriving, mostly farming community producing corn, sorghum and wheat.  Figures
3.1 through 3.5 provide a view of the town, its industries, and some of the key players in the
study.  A survey of the town indicated that the primary occupation of 40% of the head of
household is farming.

Before 1954, the residents of Bern obtained their water from individual wells.  However, in 1954,
Bern elected to drill several community water wells, erect a 50,000-gallon water tower and install
underground water mains to serve the town.  Subsequently, Bern installed three sewage treatment
lagoons (cells) to handle wastewater generated by the town.  Further, a Rural Water District
(RWD) was formed, wells sunk and more than 70 miles of piping was installed to provide water
to the residents living just outside of the city of Bern.

Periodically, Bern and the surrounding areas have experienced problems with water availability.
In the mid 1980's Bern’s water supply came from four, low-production, 8 gpm wells, and these
wells were dropping in production.  In addition, the city was interconnected with the surrounding
RWD however; the district=s water supply consisting of two operating wells had an average
production of 15 gpm.  Water quality was very poor with high iron and manganese content.  In
1988, northeast Kansas experienced severe drought conditions.  The water production for the City
of Bern and the RWD declined dramatically.  Based on its limited water availability, the RWD
and city of Bern were both identified by the State of Kansas as priorities (drought vulnerable) to
obtain additional water resources.  Along with this application for assistance, Bern implemented
conservation practices and the RWD instituted water rationing in March 1989.  The RWD
increased its water rates from $1.35 to $3.00 per one-thousand gallons.  To alleviate the shortage
of water, several patrons of the RWD loaded water from farm ponds or hauled water from other
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locations to supplement their livestock water needs.  To meet demand and improve water supply
sources, Bern initiated a project to obtain water from neighboring Nebraska.  Project costs to
install 2 new wells in the neighboring state of Nebraska approximately 4 miles from any existing
rural water transmission line, connecting pipeline and a booster station were estimated at
$233,500.  Funding came in the form of $23,800 by the City of Bern, the RWD contributed
$47,600, and a neighboring community of Oneida paid $7,600.  An emergency grant of $154,000
was awarded by special appropriation by the Kansas Department of Commerce & Housing.
Rates were increased by the city of Bern as a result of the increased debt and need to conserve
water.  This was in November 1990.  Monthly rates adopted then remain in force today for the
residents of Bern:

Monthly Min. $8.50 for first 2000 gallons,
$2.75 per 1000 for the next 4,000 gallons,
$1.60 per 1000 for the next 6,000 gallons,
$1.40 per 1000 for all water over 12,000 gallons.

Rates in the RWD, which uses much more water per user, were increased more dramatically to
curtail use:

Monthly Min. (Debt Service) is $12.50, no water,
$3.00 per 1000 gallons for all water use.

Fig. 3.1 Panorama view of Bern, Kansas (from grain elevator).
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Fig. 3.2 H-axis washer with study
participant Jill Meyer .

 Fig. 3.3 Washer manufacturer
representative: Mike Cox.

Fig. 3.4 Bern study liaison team: Betty Lortscher, Tim Krehbiel, and Diane Fitzgarrald.

The RWD subsequently reduced the rates to the following:

Monthly Min. of $12.50, no water
$2.50 per 1000 gallon for the first 10,000 gallons
$1.35 per 1000 gallons for all use over 10,000 gallons

A declining block rate such as the one found in Bern and the RWD is not unusual to find in
farming communities − even ones with water availability problems.

Presently, the RWD has one well in Kansas pumping continuously and two wells in Nebraska.
Present concerns are that the district has experienced some pumping of sand and turbid water
from one of the new wells.  A bag filter system has been installed on a trial basis.  The RWD has
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also experienced problems with inadequate water pressure and, to alleviate these problems, has
recently installed an additional storage standpipe at a cost of $90,000.  The city of Bern continues
to operate three wells.  The city and RWD water lines, which surround the city, are tied together
so that the city and RWD can share water resources if needed.

Fig. 3.5 Downtown area and local industries in Bern (grain elevator, city hall, cafe, and
meat plant).
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3.4. PARTICIPANT SELECTION

Information about the project, a survey form and invitation to join the project were
mailed to each of the 175 homeowners in Bern and the surrounding rural water district.  The
residents were made aware of the project’s goals of measuring the performance of high-efficiency
clothes washers using the entire town as a test bed and for developing other information to
determine the impact on the community of a changeover to high-efficiency clothes washers.  The
homeowners were told that if they were selected, they should be prepared to help collect data of
each load of laundry washed during a five-month period.  For the first two months, data would be
collected on their current clothes washer, the washers would be changed out to the Maytag
Neptune (horizontal axis) clothes washers, and data collection continued on the new washers for a
three-month period.  In return for their cooperation and assistance, the participants could elect to
keep the new washer if they so desired.

The initial plan was to select about 90 homes with clothes washers to participate in the study.
With the help of a three-person volunteer Bern Washer Study Team (see Fig. 3.4), information
from applicants including laundry habits, customer profiles, types of existing washers, dryers and
hot water heating systems was received and analyzed.  The Bern Washer Team also coordinated
and hosted a town meeting on May 27th in the Bern High School Gym to give ORNL and Maytag
representatives an opportunity to meet the residents, provide details of the project and answer
questions.  A total of 104 participants (washer owners) elected to join the study and submitted an
application in time to be included.  These “participants: included 3 washers in Bern’s local
Laundromat, one washer in the Bern High School, one in Bern’s vet clinic and one in Bern’s meat
plant.  All of those electing to join the study (1) had a water meter and purchased water either
from the city of Bern or from the rural water district, (2) currently had a clothes washer, and (3)
were sufficiently interested in the study to commit to a 5-month data collection period.

Bern’s Laundromat had six coin-operated, commercial washers and an equal number of dryers.  A
decision was made to collect data on three of these washers for the two-month baseline period,
then to replace these with three coin-operated, commercial, h-axis washer for the balance of the
study.  In all other cases, the replacement washer was Maytag’s domestic h-axis model.  Of the
104 who joined initially, one single homeowner elected to withdraw about three weeks into the
study, leaving 103 participants.  Notably, all 103 completed the study.

At the initiation of the project, the participants were surveyed to gain demographic, life-style and
laundry behavior information.  Some of the findings from this survey included:

General information:

- The average Bern household is comprised of two adults and two children; in
some cases, households have as many as 2 adults and 5 children;

- 21% of the households cited housewife/homemaker as the primary occupation of
the female head of household;

- 40% of the households cited farming as the primary occupation of the male head
of household;

- About 47% of the participants live in the Bern city limits; the remainder lives
around Bern and is tied into the surrounding rural water district.

Laundry behavior and equipment:

- The majority of washers (71%) were located on the first floor of the home;
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- The majority of washers (65%) had a fabric softener dispenser although 49% of
households with the dispenser indicated that they never use it;

- The majority of washers (60%) also have a bleach dispenser; of this fraction,
48% of the participants sometimes use the dispenser, and 45% indicated that they
never use the dispenser;

- 88% of the participants used an electric dryer; 11% used a gas dryer and 1% did
not own a dryer; the average age of a Bern dryer is 12 years;

- 64% of the participants used propane for water heating; 36% used electricity;
natural gas is not available;

- Twice as many participants use powder detergent as use liquid detergent, and
25% had both types of detergent on hand;

- The number of loads washed per week depended on the household size; estimates
made by Bern residents indicated that the average Bern household washed 11
loads/week – see Fig. 3.6.

Fig. 3.6 Dependence of loads washed per week on household size (pre-study 
estimates).
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The age and brand of clothes washer owned by the participants were also determined and
compared with available information on national averages.  The pie chart at the left in Fig. 3.7
shows the distribution of washer brands owned by the study participants at the outset of the
project, and the pie chart at the right, shows the distribution of washer brands on a national basis3.
The distribution of washers by brand in Bern follows the national market share for some brands,
while for others, the distribution of washer brands is different.  These differences may be
attributed to differences between local markets in Bern and the average U.S. market as well as
manufacturer/distributor retailing efforts in larger towns surrounding Bern as compared to
average market conditions on a nationwide basis.  Importantly, all major national brands were
represented in the study, and this provided a good cross-section of vertical axis washers for
comparison.
                                                          
3 Appliance Magazine, 44th Annual Report, Statistical Review, April 1997.
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(a) in Bern

Maytag
42%

6% 4%

GE
8%

40%

Whirlpool

Electrolux Raytheon

(b) National Market (1996)

52%
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17%

Maytag
19%
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5%

Whirlpool

Electrolux

Raytheon

Fig. 3.7 Clothes washer market in the U.S. and in Bern.

In addition to providing brand information on their washers, the participants also indicated the
age of their washers at the beginning of the study.  Washer age was important to know because
any changes in washing performance and energy/water consumption by replacing washers with
an h-axis model would depend on the performance of the existing baseline washer.  The newer
the washer, the better its performance would be expected to be.  Data on washing machine ages
provided the information needed to calculate the saturation curve (Bern Washers) shown in Fig.
3.8.  The lower curve in this figure represents Bern washers and the upper curve is the national
average distribution based on a 14-year typical lifetime for washers.  This figure shows the
fraction of washers in Bern according to their age.  For example, the age of the oldest washer in
the study was 28 years; therefore 100% of the washers in Bern were 28 years old or younger.
Further, about 10% of Bern’s washers were 2 years old or newer (shown as the intercept on the
left side in Fig. 3.8).  Moreover, half (50%) of Bern’s washers were no older than 8 years.  The
distribution of washer ages ranging to more than 28 years suggests that the true life expectancy of
U.S. automatic clothes washers (point at which they are scrapped) can be much longer than the
length-of-first-ownership.  After the length-of-first-ownership, the old unit may be traded in,
relegated to use somewhere else or scrapped.  The length-of-first-ownership, characterized as the
“typical lifetime” of a washer, is about 13 years4.  If the ultimate lifetime of a washer were the
same as the typical lifetime, an age distribution curve as shown by the upper line in Fig. 3.8
would be applicable.  This underscores the fact that like other major U.S. appliances, clothes
washers can last for a long time and that the average clothes washer in the U.S. would be a little
older than what a typical lifetime estimate would otherwise suggest.

                                                          
4 Appliance Magazine, Appliance Life Expectancy/Replacement Picture, September 1997, p. 85.
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Fig. 3.8 Typical clothes washer ages.
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3.5. EXPERIMENTAL DESIGN

A central objective of the field study was to determine the impacts of replacing existing,
conventional washers with high-efficiency, horizontal-axis (h-axis) washers.  There are a number
of potential impacts that a replacement, h-axis washer could have including,

� Changes in water consumption and its effect on the customer and water/sewer utility;
� Changes in energy consumption of the washer itself and in the amount of hot water used;
� Changes in load weights.  For the same “throughput” of laundry, the weight of each load

determines the number of loads of wash needed to be done;
� Changes in detergent use and patterns;
� Changes in the “dryness” of loads removed from the washer.  The ability of the washer

to extract water in the final spin affects the energy needed by the dryer;
� Changes in customer satisfaction as related to cleaning/drying performance;
� Changes in customary laundry habits.

The experimental design included individually metering the participant’s conventional washers
and recording data from this instrumentation as well as from participants on each load of laundry
that they washed for a two-month period (phase I of the project).  Following phase I, all of the
participant’s washers were replaced by the high-efficiency, h-axis washer, the instrumentation
reinstalled, and the experiment continued for a three-month period (phase II of the project).  The
changes in performance, laundry patterns, participant satisfaction and other potential impacts
listed above were determined by comparing phase I and phase II data.  In addition, the influence
that clothes washers had on Bern’s water supply and waste water generation for two days of
heavy washing – one during phase I and the other during phase II was determined.
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3.5.1. Instrumentation

Water Meters - Two water meters were installed on each washer in the project – one to measure
the hot water consumption and the other for the cold.  These meters (Badger Model 50) had been
modified and adapted to work with a remote digital readout.  The meter modification detailed in
Appendix I, provided the readout with a measurement precision of almost 1/200 of a gallon.
Participants simply recorded the readings from the hot and cold readouts after each load of
laundry was completed, and the conversion of these readings into gallons of water was done
during the data analysis phase of the project.  Each meter also had the conventional analog
register from which cumulative hot and cold water consumption could be determined.  These
registers were read periodically by project staff and used to check digital readout recordings made
by participants.

Weighing Scale - Each participant was given a scale for weighing wash loads.  For most of the
study, the scales with a measurement precision of ±1 oz., were used twice for each load: first, for
obtaining the pre-wash weight of each load and a second time for determining the post-wash load
weight which was the weight of the load after washing but before drying.  All recorded weights
included the weight of the clothes and the laundry basket.  As part of the analysis, load weights
were determined by subtracting the weight of the basket from recorded weights.

Laundry Basket - Each participant was given a standard laundry basket to use for weighing the
loads.  This simplified determination of load weights across the participants.

Measuring Cup - Each participant was given a standard detergent cup to meter detergent use for
each load. As before, participants recorded detergent use on individual load data sheets.

Temperature Measurements - Water meters were installed on each washer during the first week
of the study, and at this time, hot and cold water temperatures were carefully measured by the
installation team and used in the analysis for both phases of the study.  These temperatures were
measured once again during the changeover to the h-axis washer.

Washer Energy Consumption – The electrical energy consumption (kWh required to operate a
washer’s motor and controls for a cycle) of most of the original phase I washers in the study was
determined from available data based on brand and model number.  In those cases where a
washer was too old and energy consumption information was unknown, washer energy
consumption was taken to be the average of the washer energy consumption of the remaining
phase I washers.  This provided a conservative (lower energy use) estimate for the older washers.
The average washer energy consumption from prior field experiments on the h-axis washer was
used in phase II of the Bern Study.

Data Sheets/Notebook - Finally, each participant in the project was given a notebook containing
data sheets to be filled out – one for each load of laundry, and a set of instructions for data entry
and managing the notebook.  Sample data sheets for phase I and phase II of the study are shown
in Fig. 3.9  The two sheets are quite similar; they differ only in the "Settings" sections where the
phase II settings are based on the controls for the Maytag Neptune model h-axis washer.  Item 1
consisted of the date and time that a load was washed so that information on laundry habits could
be determined.  In items 2 and 8, participants recorded pre-wash and post-wash weights to
provide information on load weights and residual moisture.  In items 3, 4, 5, 6 and 11,
participants recorded information characterizing the load, describing washer settings, detergent
use and indicating how the load would be dried.  In item 7, participants recorded numbers from
the digital displays connected to the two water meters on their washers.  Finally, in items 9 and
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Fig. 3.9 Data sheets for phase I (in background) and II (in foreground) of the study.  Hidden
area of phase I datasheet is identical to corresponding area in phase II datasheet.
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10, participants could indicate satisfaction with the dampness and cleanliness of the load after
washing.

3.5.1. Schedule

The schedule for the study is given in Table 3.5.2.

Table 3.5.2 Project Schedule for Bern Study.

Project Schedule

May 23, 1997 Selection and notification of study participants in Bern

May 28 Town meeting – Bern High School Gym

June 2 - 6 Installation of instrumentation on current washers; distribution of
notebooks; initiation of phase I data collection

June 27 Installation of metering on Bern water tanks and wastewater treatment
lagoons to measure community water use/disposal patterns on the
following day

June 28 First “Superwash” Saturday – a day when participants concentrated
their washing into a window of 10:00 a.m. to 4:00 p.m. to determine the
impacts of a heavy washday on the community’s water use.

July 28 – August 1 Removal of current washer; Neptune washer installation; re-installation
of instrumentation; initiation of phase II data collection

September 13 Second “SuperWash” Saturday; a repeat of the first SWS so that
changes in community water use could be determined and compared
with impacts from first SWS.  Also, announcement of preliminary
findings on energy/water consumption found at that point in the study.

October 31 - November 4 Removal of instrumentation

November 4 – December 31 Data analysis

January 15, 1998 Final study draft report completed; to be followed by published final
report

Recognizing that the key element of the project was continued interest and participation by the
people of and surrounding Bern, an aggressive schedule was set for the project so that the data
could be collected quickly and analyses conducted.  At intervals during both phases, individually
tailored reports, citing results from each participant in the study, were prepared and sent to each
participant as one way of providing relevant and important feedback to participants.  A sample of
one of these reports is provided in Appendix B.

3.6. DATA COLLECTION AND ANALYSIS PROCEDURE

The overall approach to data collection and analysis was to create database tables of project
information and link these databases according to information queries.  The information in these
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tables included recorded experimental information, detailed participant information, information
about phase I washer characteristics and other information which were recorded on the data
sheets and submitted to Oak Ridge National Laboratory (ORNL) for analysis.  These individual
tables of information were joined together as needed for analysis and for reporting results to
individual participants.  The key to the approach lay in the development of a normalized database
in which all tables of information and data were linked through a single parameter, a unique
number assigned to each datasheet.

The tools used to build the databases and to process data from the study included Microsoft
Access 97 and Microsoft Excel 97.  Access is a relational database management system that
provides features for importing data and for creating tables, queries, forms and reports.  In
Access, data are represented as a table (a matrix of data in rows and columns).  Access provides a
number of routines for operating on the data such as queries, macros, visual Basic modules, forms
and reports.  Queries and reports were the two main components used in the study.  The queries
could be either created in a graphical view or by writing Sequential Query Language (SQL)
statements.  Queries were used to filter, sort, and screen the data from the study as well as to
perform calculations such as sum and average the data.  Access was linked to Excel as needed to
perform histograms, create full-page graphics and to perform calculations which otherwise would
have required extensive programming using Access.  An example of this flexibility was the use of
Excel to create pre-wash water meter readings from the ending water meter readings of the prior
washer cycle.  The ability to do this eliminated the need for participants to record the readings
from both water meters twice in a single load.

At the outset of the study, each participant was assigned a unique number or I.D., and a database
of participant information and I.D. code was prepared.  Second, on every data sheet for the
project was printed a unique five-digit code which had been lithographed at the lower right-hand
corner of the form.  As sets of these blank data sheets were periodically distributed to
participants, ORNL kept track of the lithocodes assigned to each participant as well as the
lithocodes on datasheets returned by each participant for analysis.  Although Fig. 3.9 shows the
front page of typical datasheets, there was a reverse side where the cumulative gallons of water as
read from the register of each water meter could be entered.  This was done twice (beginning and
end) for each phase of the study.  The datasheets have bubbles, which were shaded in, and blank
boxes for handwritten data entries.  The bubbled entries limit the data to discrete values.  For
example, in item 5, detergent use, the amount of detergent in a cycle could be specified in ¼-cup
increments up to 2 cups.  Examples of handwritten data fields are date, time and load weights.

Each of the phase I data records consisted of 21 data fields.  Each of the phase II data records
originally consisted of 21 data fields, but this was further subdivided into 26 separate fields
because of the possibility of more than one selection in some categories.  As the project
proceeded, every couple of weeks or so, participants mailed completed data sheets to ORNL for
analysis.  Once received, the lithocodes were logged and checked to ensure that they had been
correctly assigned to a participant.  The data sheets were subsequently delivered to the Tennessee
State Testing & Evaluation Center where an optical scanner read them and the handwritten data
were entered by a keypunch operator.  As records were read and prepared, State Testing also
assigned a sequence number to each data record as it was entered into the scanner.  A software
program, which was prepared especially for the study, was used to assemble the recorded data
into an Excel spreadsheet file and e-mailed to ORNL for analysis.

Once received by ORNL, the data were converted into comma-delimited files that could be
imported into Access.  The Access import engine provided the ability to create a specification file
for comma delimited files.  The specification file assigned a data type for each data field: either as
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date/time, text or number, and specification files were created once for the phase I data records
and once for the phase II records.  Further work automated this process so that as more and more
data were received through periodic mailings from participants, and pre-processed by State
Testing & Evaluation, the specification file automatically assigned the correct data type to each
field in a record as the data records were imported into Access.

Some of the tables of data and information also contained a listing of participant number.  Other
tables, e.g. the body of data produced by the participants as they washed clothes throughout
phases I and II also contained a column listing the lithocodes for each data record.  The tables,
which allowed all of the information to be tied together, were the lithocode/participant I.D. table
and the sequence number/participant I.D. table.  Using the later table gave the fastest response to
queries.

Summarizing, the overall process for assembling a database of information for the study consisted
of the following six steps:

� Data entry by the Bern participants on pre-formatted data sheets;
� Optical scanning of the data sheets supplemented by keyboard entries to generate a data

table;
� Formatting and importing the data table into Excel;
� Conversion of the spreadsheet to comma-delimited ASCII file;
� Importing this file into Access;
� Creating SQL queries to assign data records to participants;
� Creating SQL queries to sort, filter and screen all data and to perform calculations and

analyses needed to address the study objectives.

Based on this process, data from over 7,000 washer loads in phase I and over 13,000 loads in
phase II were analyzed to address the objectives of the study, and the results are reported in the
next section of this report.

The integrity and quality of the data collected from the Bern participants during both phases I and
II of the study is discussed in Appendix C.
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4. OVERALL FINDINGS AND IMPACTS

The tumble-action principle of the h-axis washer and design of the h-axis washer based on this
principle represents a major design change from the conventional, v-axis washers.  Therefore, it
was reasonable to expect that in the Bern Study, there could be significant impacts resulting from
a changeover from conventional, v-axis washers to the h-axis design.  These impacts include, for
example, changes in average load sizes and weights, changes in detergent use patterns, changes in
energy and water consumption, changes in cleaning performance and changes in the post-wash
moisture content of loads.  In the following sections of this report, we examine first some of the
overall impacts and findings between phases I and II of the study, and second, a more detailed
examination of the influence of individual parameter differences on these overall results.

4.1. IMPACTS ON LOAD SIZE

The size of loads washed with each cycle can be an important measure of the “throughput” of
laundry because it can determine the number of loads washed by a customer.  More loads take
more time and can consume more energy and water than fewer loads.  This is particularly the case
on laundry days when loads are done one after another.  Its volume or its weight or perhaps some
combination of the two could characterize the size of a load of laundry.  Although the weight of
any wash load and its volume are linked, the relation between the two depends on the type of
clothing in the load, e.g. a laundry basket full of cotton towels, sweatshirts, bedding, etc. may
weigh more than one filled with permanent-press shirts or delicates.  A participant’s lifestyle
would likely determine the type of clothing worn and washed most often, and over the course of
the study, the lifestyles for most of the participants remained fixed.  This meant that load weights
used in the study, were a good indicator of load size.

Participants measured and recorded load weights for each load washed during phases I and II.
Fig. 4.1 shows the distribution of these loads in 2-pound increments up to 14 pounds and all loads
which weighed more than 14 pounds (relatively small number).

Fig. 4.1. Distribution of load weights in Phase I and II.
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In phases I and II, most of the loads weighed between 6 and 8 pounds, and about as many loads
weighed less than 2 pounds as weighed more than 14 pounds.  Across all washers and
participants, the average load weight in phase I was 6.65 pounds and the average for loads done
in phase II was 6.98 pounds.  Interestingly, Fig. 4.1 shows that a larger fraction of loads were
done by the phase I washers in each load category less than 8 pounds than were done by the phase
II washers in those same load weight categories.  During phase II and as the summer progressed
into the fall, participants tended to wash heavier loads (those weighing more than 8 pounds) more
often than they did in phase I.  These results are based on average pre-wash weight measurements
from 7,523 loads (50,035 pounds) of laundry done in phase I and 12,759 loads (89,063 pounds)
done in phase II.

We found that as the study progressed, the average load weight increased slightly for each week
of the study and throughout both phases at a rate of about 0.04 lb/load per week.  Consequently,
the average load weight for the first two months of the study (phase I) is a little smaller than the
average load weight for the last three months of the study (phase II).  The finding that the average
load weight tended to increase throughout the study suggests that the increase in average load
weight between the two phases is not necessarily due to the type of washer.  Instead, it appears to
be timing related and results from differences in the type of laundry being washed by the
participants as the study progressed through the Summer and into the Fall.  Measurable changes
up or down in laundry “throughput” (weight per load) as a result of washer type were not found.

4.2. WATER CONSUMPTION

The water consumed by each washer in both phases of the study was determined through
individual, positive displacement (nutating disk) water meters applied to the hot and cold water
lines to each clothes washer.  After each load was washed, the digital display affixed to each
meter was read and recorded by each participant.  These readings simply indicated “counts”, and
during the data analysis phase of the study, these “counts” were converted to gallons through a
conversion factor.  The water consumed during one cycle was determined during analysis by
subtracting the meter reading from the prior wash cycle from the reading for the current wash
cycle.  In each case, the difference in meter readings was converted into gallons of water.

Figure 4.2 shows the average water (hot and cold) consumption during phase I and II for each
individual participant in the study.  A count of the water use over all participants in 1 gallon bin
groupings (such as 0 to 1 gallon) yields the distribution curves for phase I and II shown in Figure
4.3.  In phase I, the average total water use ranged from about 18 gallons to more than 60 gallons
per load with an average of 41.5 gallons/load.  In phase II, the total water consumption ranged
from 17 gallons/load to about 37 gallons/load with an average of 25.8 gallons/load.  Across all
study participants, this represents an average per load water savings of 15.7 gallons, or 37.8%.
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(a) Phase I.
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(b) Phase II.
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Fig. 4.2 Average water consumption by participant for phases I and II.
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Fig. 4.3 Distribution of water use in phases I and II.
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4.3. ENERGY CONSUMPTION

Washers consume energy through two main mechanisms: first, energy is needed to produce hot
water used by the washer, and second, the washer itself uses energy to operate the motor and
controls.  In this analysis, the hot water energy was taken to be the thermal energy in the hot
water used by the washer.  This energy was determined by measuring the temperature of the hot
and cold water (see Appendix D) at a sink or faucet after the water had run for a time so that the
temperatures were stable.  This was done on three separate visits to each participant during the
progress of the experiment.  The hot and cold water temperatures were entered into a spreadsheet
to be included in the analyses.  The amount of hot water consumed was measured by the water
meters described earlier, and based on the volume of hot water consumed and the temperature
difference between the hot and cold water, the energy content of the hot water to the washer was
determined (Btu/gallon).  It should be noted that although this procedure puts the energy
contained in hot water on a consistent footing to compare washer performance, it understates the
actual amount of energy purchased by the participants to heat the water used by these washers.
From the survey administered to participants at the outset of the project, 64% of the participants
heated water using propane and the rest used electricity.  By applying national averages for the
efficiency of water heaters5 (52% for gas/propane and 85% for electric), ignoring any heat losses
from the hot water distribution piping in homes and standby losses, it can be shown that only
about 64% of the energy purchased for water heating actually ends up as hot water.

A comparison of the average total energy (hot water and washer) consumption of the phase I
washers and the energy consumption of phase II washers on an individual participant basis is
shown in Fig. 4.4. A count of the energy use over all participants in 0.1 kWh bin groupings (such

                                                          
5 BTS Core Databook, version 2, U.S. Department of Energy, Office of Building Technology, State and
Community Programs.  For copy or information, contact Bill Zwack, 301/588-9387.
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as 0 to 0.1 kWh) yields the distribution curves for phase I and II shown in Figure 4.5.  In every
case, the phase II washer used less total energy than the phase I washer, and in some cases, the
savings were dramatic.  One must keep in mind that the phase I washers in Bern spanned the
gamut from washers which were fairly new and relatively efficient, to ones which were much
older and probably less efficient.  Moreover, the phase I water and energy consumption
information (Figs 4.3 and 4.5) shows the large variability in the water and energy and water
consumption among the population of washers in Bern.  Some of this variability was due to the
washer, while the rest of the variability was due to different settings used by each participant.

From the complete dataset taken during phase I and II on loads, load weight and hot/cold water
consumption, the impact of the replacement of all participants’ vertical-axis phase I washers by
the phase II h-axis washers was determined, and the findings are shown in Table 4.1. As can be
seen from Entry 1 in the table, there were a total of 7,645 datasheet records received from
participants during phase I and 13,213 datasheets received in phase II.  From a review/analysis of
these sheets, we determined the number of loads washed by participants (Entry 2).  The
difference between these two numbers of records represents occasions when participants provided
information other than load data such as readings from water meter registers that were made
periodically during the study as a check on the information from the digital readouts.  Entries 3, 4,
5 and 6 show totals on water consumption and laundry weight.  Averages were based only on the
number of datasheets where information was provided and the information appeared reasonable.
For example, of the 13,130 loads done in phase II, participants provided load weight on 12,759 of
these loads (97% response rate).  Consequently, the total load weight divided by the number of
reported load counts yielded the average load weight shown in Entry 8.  This same procedure of
data normalization according to the counts received rather than the total number of records was
used to determine averages for hot and cold water consumption as well as for the remaining
analyses to be described later in this report.  Overall, solid information on load weights (pre- and
post-wash) and hot/cold water readings were provided on data sheets for at least 92% of the time.

These results show that, on average, the h-axis washer used 62.2% of the water used by the v-axis
washer, and this yielded total water savings of 37.8%.  Moreover, the average h-axis washer
consumed 42.4% of the energy used by a typical v-axis washer in the study, resulting in energy
savings of 57.6%.  These results as well as the distribution of energy consumption are shown in
Fig. 4.6.

With both washers, the majority share of the energy consumed is the energy needed to heat water.
Therefore, a reduction in hot water consumption directly has a direct and beneficial effect of
reducing overall energy consumption.  Table 4.1 shows that the hot water consumption of the h-
axis washer is less than half of the hot water energy used by the average v-axis washer in the
study.  This finding supplemented by a 50% reduction in washer energy consumption work
together to provide the energy savings shown in Fig. 4.6.
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(a) Phase I.
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(b) Phase II.
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Fig. 4.4 Average washer energy use by participant for phases I and II.
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Fig. 4.5 Distribution of energy use in phase I and II.
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(a) Average hot and cold water consumption.
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Fig. 4.6 Average water and energy consumed by phase I and II washers.
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Table 4.1 Average Energy and Water Consumption in Phases I and II.

Phase I Phase II
# Calculation Units Data Records Data Records
1 Total Records 7645 7645 13213 13213
2 Number of Loads 7633 7633 13130 13130
3 Total Hot Water Use gallons 81405 7033 58000 12011
4 Total Cold Water Use gallons 209286 7002 250462 11950
5 Total Water Use gallons 290691 308462
6 Total Laundry Weight pounds 50035 7523 89063 12759
7 No. of Participants Reporting 103 103
8 Average Load Weight lb/load 6.65 6.98
9 Number of wash days days 61 105
10 Average Hot Water Temperature

Difference*
°F 72 72

11 Average Washer Energy Use kWh/load 0.23 0.11
12 Average Hot Water Use gallons/load 11.57 4.83
13 Average Cold Water Use gallons/load 29.89 20.96
14 Average Total Water Use gallons/load 41.46 25.79
15 Average Total Energy Use Btu/load 7710 3272
16 Average load/day per Participant loads/day 1.21 1.21

% Water Savings** 37.8
% Energy Savings** 57.6

*The temperature differences for each participant are given in Appendix D.
**Comparison of items 14 and 15, respectively, for water and energy.

4.4. DETERGENT USE AND CONSUMPTION

Changes in detergent use by participants were also evaluated in the study.  The survey conducted
at the beginning of the study determined the distribution of detergent brands used by the
participants, and as the study progressed, participants used the measuring cup which was
provided as part of the experimental equipment to measure and record the amount of detergent
used with each load.  Participants were noted to use varying amounts of detergents to complete
their wash.  Cases were found where participants used as much as 2 cups of detergent to wash
small loads.  However, the average detergent use for the phase I washers was about a ½ cup/load.

A heavy concentration of ordinary detergent may not be desired for an h-axis washer because of
the high degree of tumbling present that can lead to oversudsing.  There are three ways in which
any tendency for oversudsing can be minimized.  One approach would be for the h-axis washer to
be designed to sense any oversudsing condition and to alter its cycle, perhaps using an extra rinse,
to eliminate it.  The Maytag Neptune washer used in phase II of the study was designed to detect
and handle problems with oversudsing.  However, this may cause the washer to use more water
than would ordinarily be used.  The second approach would be to use a low-sudsing detergent.
The market for low-sudsing detergents is anticipated to grow as h-axis washers gain market share
and the demand for low sudsing detergents grows.  In conjunction with the phase II part of the
study, participants were allowed to continue to use their customary brand and type of detergent in
the new, h-axis washer, or they could use a new detergent formulated expressly for use in tumble
action washers.  This formulation, Tide HE (high-efficiency) was provided free to those
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participants who were interested.  Figure 4.7 indicates the distribution of detergent brands A-F
used in phase I of the study and how the participants responded in phase II to the availability of
the new detergent, Tide HE.  Clearly, many of the participants took advantage of the new
detergent; however, there was also a substantial number who elected to continue to use the brand
to which they were accustomed.
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Fig. 4.7 Distribution of detergent brands A-F and Tide HE in phases I and II.

The amount of detergent used by participants depended on the individual, the weight of the wash
load and there were some differences as well between phases I and II.  Figure 4.8 shows the
distribution of loads for both phases according to the amount of detergent used with each load.
Since the smallest division on the laundry cup was ¼ cup, detergent use in ¼ cup increments was
used to produce this figure.  It can be seen that about 30% of loads were washed using ¼ cup of
detergent and that about 80% of all loads were washed using ½ cup of detergent or less.  In phase
II, participants tended to favor using ½ cup of detergent rather than ¼ or ¾ cup, whereas in phase
I, the distinction is less sharp.  Surprisingly, there were some (albeit few) loads washed using 2
cups of detergent.

The relation between detergent concentration (cups of detergent relative to load size) and the
distribution of loads is shown in Fig. 4.9.  As expected, this histogram is similar in shape to the
one in Fig. 4.8.  The most frequently found detergent concentration in phase I ranged from 0.06 to
0.08 cups of detergent per pound of load weight.  With the phase II washer, the most frequently
used detergent concentration was somewhat less at 0.04 to 0.06 cups/pound.  One of the more
interesting points from this Figure is the fact that that detergent concentration varied fivefold
across about 80% of all wash loads.  These differences are reflective of the individual washing
habits of each of the participants (some use less, some more detergent for a given load size).
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Fig. 4.8 Detergent use by load.
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Fig. 4.9 Changes in detergent concentration.
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4.5. IMPACTS ON USE OF OTHER ADDITIVES

In addition to detergent use, there are a variety of additives which can be used to help launder
clothes.  Heavily soiled clothing can be pretreated with a stain removal agent, bleach in solid or
liquid form can be used to oxidize stains and improve brightness, and fabric softeners can also be
used in the final rinse or in the dryer.  Study participants used none of these additives in
approximately 30% of all loads washed, and there was no significant difference in non-use
between phases I and II.  Chlorine bleach was used for about 5% of all loads, and color-safe
bleach was used for about 5% of all loads, and there was little difference in use of bleach between
phases.  A fabric softener was used for about 60% of the loads on phase II and for as many as
43% of loads in phase I.  It remains unclear as to why there is this difference in fabric softener
use.  It may be attributed to the availability of a dispenser on all of the phase II washers to
automatically dispense softener at the appropriate time in the system, whereas an automatic
dispenser would likely be present on a smaller number of phase I washers due to their age.  For
the most part, differences in how wash additives were used were more a function of habits and
customs of the individual participants and less a function of the phase of the study.

4.6. IMPACTS ON LAUNDRY HABITS

The wash cycle of the h-axis washer is a little longer than the wash cycle for a typical v-axis
washer.  To determine whether this made much difference in when participants washed loads, we
analyzed the distribution of loads according to day of the week.  If the somewhat longer cycle
times made much of a difference, it might be seen through this distribution.  Saturdays followed
by Mondays as shown in Fig. 4.10 continued to be the days of the week when most loads were
washed.  Although slightly fewer loads were washed on Saturdays and slightly more loads were
washed on Sundays during phase II than during phase I, there does not appear to be an indication
that phase II washing had to be continued into days of the week when fewer loads would
ordinarily have been done.  Tuesday through Thursdays continued to be light laundry days during
both phases of the study.

4.7. IMPACTS ON WASHER SETTINGS

The phase I as well as the phase II clothes washers had the ability to set the water temperature
used during the wash and rinse cycles.  In both study phases, participants continued to set these
temperatures according to their customary laundry habits and custom, and to record setting
information on the load datasheets.  From these data, temperature utilization factors (TUFs) were
determined as shown in Fig. 4.11.  The wash/rinse temperature settings (H = hot, W = warm, C =
cold) are shown along the horizontal axis, and the fraction of loads washed by participants using
each of these settings is shown at the left.  The TUFs used in both phases of the study were close
to the TUFs defined and used in the DOE Test Procedure for rating clothes washers and shown in
the figure for comparison.  Most of the wash load cycles were done using W/C temperature
settings, and about 94% of the loads were rinsed in cold water.  In the DOE Test Procedure6, the
combined TUFs for cold water wash is 82%.  Apparently, the participants were generally more
conserving of hot water and washed a larger fraction of the loads in warm water.  Based on the
fact that farming is a principal vocation in Bern, it is reasonable to expect that warm water rinses
would be used to the extent shown.  Hot water was used for the wash cycle more often in phase II
than in phase I, and warm water was used for washing more frequently in phase I than in phase II.

                                                          
6 Federal Register, Rules and Regulations, Vol. 62, No. 166, August 27, 1997. p. 45507
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Fig. 4.10 Distribution of wash loads through the week.
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Fig. 4.11 Temperature utilization factors for phases I and II.
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4.8. CLEANING PERFORMANCE

From a customer’s perspective, the cleaning performance of a clothes washer is paramount
among the other attributes.  In general, customers are unwilling to compromise cleaning
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performance in exchange for savings in energy and water or for added features on a washer.  As
washer technologies and qualities have improved and markets have remained competitive,
customers have come to expect a high degree of cleaning performance from any washer
purchased.  In the study, the issue of cleaning performance was evaluated by participants based
on visual inspection of laundry loads removed from the washers.  Visual inspection of loads to
judge how well the load was cleaned is a useful tool for determining “cleanability” particularly
since it is based on the experience, familiarity with individual articles of clothing and laundry
habits of each of the individual participants.  Moreover, the 5-month duration of the study
including both phases made it likely that a participant would likely wash the same articles a
number of times and would be aware of any substantive changes in cleaning.  The “cleanabilty”
index used in the study was indicative of participants’ reaction to the overall cleanliness of each
load without reference to individual cleaning features such as stain type and removal, brightness,
soil removal, and other specific measures.

With each load washed, participants were requested to indicate their satisfaction with the cleaning
performance of the washer on a scale of five choices ranging from “Completely satisfied” to Not
at all satisfied.”    The results for phase I and for phase II are shown in Fig. 4.12.  These results
are based on information on the datasheets received (94% response rate for phase I and 93% for
phase II).  Overall, it appears that participants were at least reasonably satisfied with their
washers’ performance in phase I as well as in phase II.  There were, however, significant
improvements in cleaning satisfaction levels as participants moved to the phase II washer.  The
most significant change is in the fraction of loads in which participants were “completely
satisfied.”  This fraction rose from 15% in phase I to 45% in phase II.  Moreover, the fraction of
loads in which participants were “somewhat satisfied” decreased.  Dissatisfaction with cleaning
performance (generally indicated by participants either “not very” or “not at all” satisfied) was
not seen very often in either phase I or in phase II.  It appears that the differences shown in Fig.
4.12 are significant between the two phases.  These results show that, in general, the overall
satisfaction level for the entire population of participants in the cleaning performance of their
washers increased significantly as a result of the changeover to the phase II washer.  Details on
the relative influence of factors such as the phase I washer vintage on cleaning satisfaction are
given in Section 5.2.

4.9. IMPACTS ON LOAD DAMPNESS

In a manner similar to the data gathered on cleaning performance, participants were asked to
indicate how satisfied they were with how dry the loads felt as they were removed from the
washer at the conclusion of a wash cycle.  An indication of “not at all satisfied” would mean that
at the end of the wash cycle, the load was much wetter than anticipated indicating that the spin
cycle was not as effective as participants believed it should have been.  The dryness of a load
after washing also affects the energy used for the final drying process.  If a load with a low
moisture level is placed into a dryer, less energy would be needed to dry the load and the drying
time would be shortened.  This is the usual case particularly if the dryer is controlled by a sensor
which detects either the moisture or temperature of the air exiting the dryer.  Information on
satisfaction with load dampness was submitted for 94% of the total records reported in the study,
and the overall results are shown in Fig. 4.13.  Apparently, there was noted improvement in
satisfaction levels from the changeover to the phase II washer.  The largest improvement was
found in the category “completely satisfied” in which the fraction of loads meeting this
satisfaction level increased nearly five-fold.  Noticeably too was the reduction in the number of
loads in the category “somewhat satisfied.”  In both phases, although more markedly in phase I,
there were loads for which participants expressed some degree of dissatisfaction with dampness.
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Fig. 4.12 Overall satisfaction with cleaning performance.
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Fig. 4.13 Overall satisfaction with dampness.
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4.10. IMPACTS ON DRYING HABITS

Dryer energy consumption was not measured in the study; however, after each wash, participants
indicated how each load would be dried, whether in the dryer, on a clothesline or some of each.
The distribution of loads and how they were to be dried is shown in Fig. 4.14.  About 70% of all
loads washed during phase I and II were dried at least partially in the dryer.  About 20% were
dried only on the clothesline, and there were no significant differences between phases I and II.
Based on this information, the customary habits of participants did not change as a result of the
changeover to the h-axis washer.  This information could be useful in determining any savings in
dryer energy consumption if there were differences in the remaining moisture content (RMC)
between the v-axis and h-axis washers.  Since the dryer was not used at all for about 18−26% of
the loads depending on the study phase, any savings due to lower RMC should be lowered by that
same decrement.

Fig. 4.14 How loads were dried.
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4.11. MUNICIPAL UTILITY IMPACTS

The water used by clothes washers comes from the same source as all of the drinking water to a
house.  After each wash/rinse cycle, most of the water that is used ends up going down the drain;
only the small portion bound up in the wet clothes passes into the air during the drying process.
Consequently, the amount of water used by clothes washers has an impact on the service
providing the water to washers as well as the service for treating an equal amount of wastewater
from the washer.  In the study, the systems for supplying water and disposing of waste water were
different depending on whether a participant lived in Bern proper or in the region which
surrounds the city.  Both water and sewer services are provided to residents who live in the town.
Water is provided from a few community wells, some far away.  One large (50,000-gallon) water
tower located inside the city limits is used to provide most of the capacity needed by the town.
This tower, shown in Fig. 4.15 has also served Bern faithfully as a landmark since its erection in
1953.
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Wastewater from the city is carried through underground sewer lines to a wastewater treatment
facility at the edge of town.  This facility consists of a small number of lagoons that allow
evaporation of water and biological breakdown of wastes.

In the area surrounding Bern itself, water comes to residents in two ways: through their individual
wells and/or through the community water supply system or Rural Water District (RWD).  The
RWD consists of distributed water piping to each of the homes in the District along with two
standpipes (one shown in Fig. 4.16 to maintain adequate water pressure at critical points in the
water distribution system.

Fig. 4.15 Bern's 50,000-gallon tank.
Figure 4.16 Rural Water District

standpipe (Nemaha County).

Wastewater from residents of the RWD is treated with individual septic systems as are common
throughout much of the rural areas of the nation.  Many households located in the RWD used
individual wells to meet agricultural and farming water needs and used the water from the RWD
for domestic needs such as clothes washing.  For a household in the RWD to qualify as a
participant in the study, it was required that its domestic water be provided through the RWD
utility.

The impacts of clothes washers on the water utilities (supply and wastewater) in and around Bern
were evaluated through two “Superwash Saturdays.”   The first Superwash Saturday (SWS) was
conducted on June 28, 1997, when the original washers were still in place, and the second SWS
was held on September 13, 1997, with the h-axis washers up and operating.  The objective on
both occasions was to measure the delivery flowrate water to the city and to the RWD, and the
wastewater flowrate from the city throughout the day.  These data, combined with information
from the datasheets filled out by participants would allow the impacts of clothes washing on the
community’s water infrastructures to be determined.  On each Saturday, valves on the water
piping in Bern and the RWD were used to stop the water flow to Bern’s water tower, and to
isolate water flow to both standpipes in the RWDs so that water input could be determined.  The
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water discharge from each tank was determined by monitoring the water level inside the tank as it
dropped throughout the day.  Tank water levels were measured indirectly through use of pressure
transducers that had been installed in the water lines at the base of each water tower.  The water
pressure at the location of the transducer is directly proportional to the height of the water in the
tank.  The amount of water discharged from the tank over any time interval was determined from
changes in pressure sensed by the transducer over this same time interval and the diameter of the
tank.  Based on this procedure, the volume of water supplied to the city of Bern as well as to the
RWD was determined throughout the day on each of the SWSs.

The flowrate of wastewater from Bern was determined through instrumentation that was installed
at the lagoon.  This instrumentation consisted of a sensor to measure the height of wastewater
upstream and downstream of a v-notch weir through which wastewater flowed just before
emptying into the lagoon.  The difference in height at these two points is proportional to the
volume flowrate of water passing through the weir.  This instrumentation was connected to a
battery-powered datalogger, and data on the rate of wastewater generation on both SWSs were
collected and compared with the rate of fresh water consumption of the city of Bern.

There were two main objectives of the SWS concept.  The first was to determine the impacts that
clothes washers have on water utilities as compared with all of the other water uses present in
households.  The idea was to encourage participants to postpone most of their week’s washing
until Saturday when many loads would be done signifying a large wash day.  The second
objective of the Superwash concept was to determine the differences in water consumption of the
collection of washers between phases I and II.  This gives an idea of the impact that a large-scale
changeover to h-axis washers can have on a community’s water utilities.

The impact of a heavy wash day on the Bern’s water supply and wastewater disposal system from
the first SWS is shown in Fig. 4.17.   On this day, data on water flow from Bern’s water tank and
wastewater flow into the lagoon began to be collected about 9:30 a.m.  The figure shows that over
the day about 16,000 gallons of water were used and discharged down the drains of the residents
of the city.  The total flows to the lagoon and from the water tank were about the same, and this
indicates that there was no outside watering done.  The source of noise in the signal from the city
water tank beginning about 2:00 p.m. is unknown.  The collective water consumption of the
metered clothes washers in the city has been added to this plot as shown in the Figure.  Although
some participants started loads early in the morning, most began about the time that utility water
data collection began.  Figure 4.17 shows the clothes washer water consumption with a beginning
time of 9:30 a.m.  It can be seen that over the day, the 48 v-axis washers in the city used about
18-20% of the total water used by the town.  Moreover, these washers accounted for the same
fraction of total wastewater generated by the town.  It should be pointed out that Saturdays are
normally heavy wash days already and that participants were encouraged to concentrate their
week’s laundry on the 6/28/97 SWS.  Records show that on that day, study participants who lived
inside Bern washed 164 loads of clothes weighing 1,027 pounds using 72 cups of detergent.

Similar information was obtained for the water consumed by the surrounding RWD and the loads
of clothes done by washers located in the rural water district.  This information was used to
supplement the information developed for the city to arrive at the total impact of SWS on the
community.  This summary information, shown in Figure 4.18 indicates that the city and RWD
together used 55,000 gallons of water, and that clothes washers, based on measurements from the
103 individual washers, used about 12,000 gallons of water (22% of the total).  During that time,
all 103 participants in the study washed 503 loads weighing 3,336 pounds with 225 cups of
detergent.  On average, participants in the rural water district washed 68% of the total number of
loads done that day.
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Fig. 4.17 Water utilization in Bern during first Superwash Saturday, 6/28/97 for phase I
washers.
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Fig. 4.18 Water utilization in Bern and RWD during first Superwash Saturday, 6/28/97 for
phase I washers.

It can be concluded from this analysis that on a heavy laundry day (e.g. 6/28/97 for Bern), a
community like Bern could be expected to use 18 – 22% of its total water consumption in clothes
washing.  The fraction of wastewater generated by clothes washers would be at least this much –
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perhaps much higher depending on the amount of water used outside the house for watering or
washing the car.

On September 13, 1997 after the h-axis washers had been installed and phase II of the study was
well underway, a second SWS was held.  The technique and approach were identical to the ones
used for the first SWS with all systems instrumented as before.  The purpose of this test was to
gather the data needed to compare the water consumption of the phase I washers in the first SWS
to the consumption of the phase II, h-axis washers.  During the second SWS, all of the study
participants (city and RWD) washed 516 loads and 3,666 pounds of clothing using 251 cups of
detergent.  This represents only small increases (2.6% more loads, 9.9% more pounds of wash,
11% more detergent) over what was seen during the SWS conducted in phase I.  Comparing data
from the two Superwash days indicates that there were differences in the proportion of loads done
by city washers as compared to all of the loads washed.  On the first SWS, 32% of all loads were
washed in the city whereas on the second SWS, 40% of all loads done were washed in the city.
The major change, however, between the two SWS periods, as shown in Figure 4.19, was found
in the total amount of water needed by washers during those two similar days.  In this figure, the
cumulative water consumption of all washers for all loads of wash done in each SWS is plotted as
a function of the time of day.  During the first SWS, the phase I washers consumed 20,454
gallons of water.  During the second SWS, an equal number of phase II, h-axis washers used
13,091 gallons of water – a 36% reduction in overall washer water consumption.  Apparently, on
both days, the wash day started early and ended late for some although most of the loads were
done in the period 7:00 a.m. till 4:00 p.m.  A town picnic was held the afternoon of 9/13, and the
impact of this picnic on washing behavior can be seen as many of the participants and picnic-
goers attended to washing chores earlier in the day than they did for the first SWS.
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5. ANALYSES OF FINDINGS AND IMPACTS

In this study, phase I washers spanning a range of ages, brands, and features were replaced by a
single type, brand and model washer (Maytag’s h-axis Neptune model).  The impacts reported in
the previous sections of this report were based on the “average” phase I washer in the Bern Study.
This “average” washer was found to be about 8 years old, to consume 11.6 gallons of hot water
and 29.9 gallons of cold water per load, and to have the other average characteristics shown in
Table 4.1.  In this section of the report, we analyzed relationships between several of the
parameters to determine their influence on the findings.  Although there are a number of analyses
that could be conducted from information provided in the study, we chose to perform a limited
number of analyses.  These analyses were designed to answer some key questions posed in the
study as well as to evaluate some performance-related issues associated with the h-axis washer
such as:

- How does water savings depend on the load size?
- How does the cleaning performance (cleanability) depend on the age of the phase

I baseline washer?
- What were the impacts of using the conventional detergent vs. the high-

efficiency detergent in the h-axis washer?
- Other than the washer itself, how did other factors affect the cleaning

performance?

In the following sections, we explore some of these questions.

5.1. WATER CONSUMPTION

The amount of water consumed by a washer is determined by a number of factors as shown in
Fig. 5.1.  Some of these factors are fixed and depend on the design of the washer itself while
others depend on how the washer is used and operated by customers.

• Machine.  Three principal characteristics of a washer affect its water consumption,
and these include the type of washer (v-axis or h-axis), the age of the washer (older
washers may be less water-efficient than newer ones), and the washer settings used
by customers.

• Load.  The load type and size affects the water consumption of a washer.  Many v-
axis washers have a load size setting (switch or knob) that can be used to regulate the
water level inside the tub.  It is not clear how many actually use this switch to adjust
their water use with load size.  However, there is also the chance that small loads
could be washed using a large load-size setting, and this would require more water to
be used than is necessary.  These washers also have a water level sensor that controls
the level of water in the tub for the washing and deep rinse cycles.  Since clothes tend
to displace water in the tub of a v-axis washer during a fill cycle, the water needed to
reach each water level setting depends on the size and makeup of the load in the tub.
The h-axis washer is designed to operate without using a switch for setting the
washer according to load size, i.e. the washer regulates the amount of water needed to
wash and rinse each load – less water for smaller loads and more water for larger
ones.  Therefore, for both types of washer, v- or h-axis, load size should affect water
consumption.
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• Detergent.  The type and amount of detergent can affect a washer’s water
consumption.  The vigorous tumbling action of the h-axis washer can cause
oversudsing if too much of a conventional, high sudsing detergent is used.  The
Neptune was designed to sense any oversudsing condition, and if found would
automatically call for extra water to eliminate the condition as part of a suds
management protocol.  The extent to which extra water was required depends on the
amount of detergent that participants used for each load and the type of detergent:
their normal brand or the low sudsing Tide HE.

Typ e Ag e Settin gs

Machine

Size

Load

Typ e Amount

Deter gent

Water
Consum ption

Fig. 5.1 Washing factors that determine water consumption

In a prior section of this report (Section 4), we looked at the influence of washer type on water
consumption.  We found that the v-axis washers of phase I tended to use more water (on average
15 gallons more) than the h-axis washers of phase II.  In the current section of this report, we
explore the two remaining factors (load size and detergent type/amount) to determine how they
affect water consumption.  Throughout both phases of the study, participants washed loads
ranging in size from a pound or so to much larger weights.  From these data, relations between
load weight and water consumption per unit load weight were developed by performing a
statistical analysis (best fit) of the load weight/water consumption data.  The results of this
analysis are shown in Fig. 5.2.  The trends for phase I and II are similar showing that as load
weight increases, the ratio of water consumption to load weight decreases.  This means that both
types of washers, h-axis and v-axis tend to use water more efficiently at higher load weights.
Across the load weights shown, the h-axis model used less water per pound of load than did the
v-axis model and this relative improvement in performance increases with load weight. The notes
on the curves for the h-axis and v-axis washers shows the equations developed for a single-
parameter fit of water consumption to load weight.  The notes further indicate that much of the
water consumption for either washer can be explained by this single parameter model.
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Fig. 5.2 Impact of load weight on water consumption and savings produced.
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Based on data from the study, we explored relationships between detergent type/amount and
water consumption, and the results of this investigation are shown in Fig. 5.3.

Fig. 5.3 Impact of detergent type/concentration on average water use.
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In Fig. 5.3, there are four relations shown: one for the phase I washers, the second for all of the
phase II washers without regard for the type of detergent used, the third for phase II washers in
which participants elected to use the low-sudsing (Tide HE) detergent provided, and the fourth
bar for phase II participants who chose to continue to use their conventional detergent (others).
The phase I and phase II bars simply reiterate the finding that the v-axis washers used more water
per pound of wash than did the h-axis washer, and that participants would likely increase the
amount of detergent as load size increases.  In the remaining two bars, differences in water
consumption between participants who used the low sudsing detergent and ones who continued to
use their customary brands (others) are shown.  Interestingly, with each detergent concentration
in phase II, water consumption was consistently larger for the customary, conventional detergent
than for the Tide HE detergent.  This suggests that the low sudsing detergent provides a benefit in
reducing the amount of water used.  There was little benefit seen for loads that used ¼ cup of
detergent and somewhat greater benefits with higher detergent amounts.  This is to be expected
since low concentrations of either type of detergent would not lead to an oversudsing condition.
The absence of a bar at the 1-¾ cup level simply indicates that no loads at that Tide HE
concentration were done and reported.

5.2. CLEANING PERFORMANCE

There are a number of factors that can affect the cleaning performance of a washer and customer
satisfaction with cleaning as shown in Fig. 5.4.  While many of these factors are identical to ones
identified previously, there are additional ones that affect customers’ perception of the cleaning
performance of a washer.

Typ e Age Settin gs

Machine

Size Soil level
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Deter gent B leach, Additives

Cleanin g
Satisfaction

Fig. 5.4 Washing factors that affect customer’s satisfaction.
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The initial soil level of loads before washing, the use of bleach and other additives, the
temperature settings used on the washer, the amount and type of detergent used can each affect
cleaning performance as well as the washer itself.  Therefore, it was important to distinguish
differences in cleaning performance as a result of the changeover to the new h-axis washer from
differences that could be attributed to these other factors.

• Initial soil level. How clean a load appears when removed from a washer depends to some
extent on the initial soil level of the load going into the washer.  We assumed that over the
extended period of the study and the large number of loads analyzed (more than 20,000), the
average soil level in a typical load and the distribution of loads at any initial soil level would
be uniform.  Some loads were probably quite soiled before washing, some less so, but on
average and across all participants, the initial soil levels were taken to be consistent between
phases of the study.

• Bleach use. Bleach and other additives can affect the appearance of loads removed from the
washer and a customer’s perception of cleaning performance.  From the loads studied and
analyzed, there were no significant changes in the use of bleach.  About 10% of the loads in
each phase were washed using bleach.

• Effects of Washer Age. Each participant in the study judged cleaning performance based on
their experience with their original phase I washer.  It seems reasonable to anticipate that
participants with older phase I washers would see more cleaning improvement with a phase II
washer than would participants who’s original washer was newer.  It is reasonable to assume
that: the newer the washer, the better its cleaning performance would likely be and the less of
an impact the phase II washer would make on cleaning.  Since the phase I washers ranged in
age from almost new to more than 20-years old, a participant’s judgement of the relative
improvement in cleaning by changing to the phase II washer could be significantly affected
by the original washer.

To test this assumption and to establish a basis for conclusions on washer cleaning
performance, we segregated phase I washers according to vintage as shown in Fig. 5.5 and
determined cleaning satisfaction levels as before.  While there was some variability in the
results, the younger the phase I washer, the higher the satisfaction with its cleaning
performance.  This is especially evident with the phase I washer which were “brand new” (1
year old or newer) as compared to older washers.  As would be expected, participants with
brand new washers were at least “very satisfied” most of the time (about 86% of loads
washed).  For older washers, the dissatisfaction level is seen to increase with increasing age
(the 25 to- 27-year old category notwithstanding where there was only one washer).

Figure 5.6 shows the cleaning satisfaction reported by participants who had replaced their
phase I washer of the vintage shown with the h-axis model.  A comparison of these two
figures (Fig. 5.5 and Fig. 5.6) indicates that in each age range, cleaning satisfaction increased
with the changeover to the h-axis model.  The improvement in satisfaction was especially
notable to participants who had phase I washers more than 15 years old.



- 40 -

Fig. 5.5 Dependence of cleaning satisfaction of phase 1 machine on its vintage.
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Fig. 5.6 Dependence of cleaning satisfaction of phase II washer based on 
experience with phase I washer (by vintage).
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• Effect of Temperature Settings. Wash and rinse temperatures can affect the cleaning
performance of a washer.  Participants were asked to indicate how they set the wash and rinse
temperatures for their washers as they washed clothes.  In most of the washers, a hot, warm
or cold wash temperature could be selected, and a warm or cold rinse temperature could be
selected.  In addition, participants were asked to characterize the soil level of each wash load
prior to washing.  As can be seen in the datasheet, soil levels of Very Heavy, Heavy,
Moderate, Light, Very Light and None were the selections available.  Participants simply
selected the initial soil level from among these choices for each load of wash.  The
information was collected for both phases of the study, and the results shown are in Fig. 5.7
for phase I and in Fig. 5.8 for phase II.  The top of each figure shows how participants
characterized the pre-wash soil level of all wash loads without regard to a particular
wash/rinse temperature setting; that is, all temperature selections were used.  In phase I (Fig.
5.7), participants’ satisfaction with cleaning performance followed the expected trend:
participants were more satisfied with a washer’s cleaning performance for lightly soiled loads
than for heavily soiled ones.  They were very (or completely) satisfied for more than 90% of
all loads, which were very lightly soiled, and 55% for loads, which were very heavily soiled
at the outset.  The four charts at the bottom of Fig. 5.7 indicate how these satisfaction levels
varied according to wash/rinse temperature settings.  As before, cleaning satisfaction tended
to be according to the initial soil level of the load.

The results of initial soil loading and wash/rinse temperatures for the phase II h-axis washer
are shown in Fig. 5.8.  Without regard for temperature setting (top of the Figure), participants
were at least very satisfied with 90% or better of all loads across all initial soil levels.  For
lightly soiled loads, the satisfaction level is about 98%.  The four charts at the bottom of the
figure show how cleaning performance depends on the wash/rinse temperature selections.
Over all temperature setting combinations and all initial soil levels, participants’ assessment
of the overall cleaning performance of the h-axis washer was superior to their phase I washer.

• Effect of High Efficiency Detergent. During phase II of the study, participants had the option
of continuing to use their conventional detergent, or using Tide HE, which had been
formulated expressly for use in h-axis clothes washers.  About 80% of all phase II loads were
done using the HE detergent.  To test the contribution that the new HE detergent had on
cleaning performance, we separated datasheets received in phase II according to those loads
washed with Tide HE and those washed using participants’ customary brand/type of
detergent.  The results of this analysis are shown in Fig. 5.9. Also, the satisfaction responses
for those loads for which there wasn’t a detergent brand identified or more than one entry was
given are shown in the figure as the category “none or more than one specified”.  All,
participants appeared to be very satisfied with the cleaning performance of both types of
detergents.  In the case of Tide HE, participants were at a minimum very satisfied with 96%
of all loads that they washed using this low-sudsing detergent, whereas with the conventional
detergent, 92% of all loads delivered this same satisfaction level.  These results are based on
data from 11,483 loads.  No detergent use or more than one detergent type was reported for a
much smaller sample size as shown in Fig. 5.9.
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(a) All washer temperature settings.
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(b) Hot/Cold temperature setting.
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(c) Warm/Warm temperature setting.
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(d) Warm/Cold temperature setting.
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(e) Cold/Cold temperature setting.
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Fig. 5.7 Relative cleaning performance of phase I washers versus initial soiled level of laundry.
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(a) All washer temperature settings.
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(b) Hot/Cold temperature setting.
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(c) Warm/Warm temperature setting.
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(d) Warm/Cold temperature setting.
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(e) Cold/Cold temperature setting.
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Fig. 5.8 Relative cleaning performance of phase II washers versus initial soiled level of laundry.
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Fig. 5.9 Dependence of cleaning satisfaction on detergent in phase II.
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Finally, the data on cleanability was examined to determine effects stemming from familiarity with
the phase II washer.  The data records were separated according to time-of-ownership for the h-axis
washer, and cleaning satisfaction levels were compared as shown in Fig. 5.10.  Over a 3-month period
starting from when phase II washers were first installed, participants were at least reasonably satisfied
with about 95% of the loads done during that period.  Most evident is the increase in overall
satisfaction level shown by the significant and consistent increase in the number of loads for which
participants were completely satisfied.  These results suggest that (1) participants became more
experienced with the h-axis washer and increasingly were able to obtain excellent performance from
it, and (2) improved cleaning of the same articles of clothing through repeated washings over this
time period became more evident.

5.3. MOISTURE REMOVAL PERFORMANCE

Satisfaction with how dry loads appeared at the conclusion of the wash cycle is affected by most of
the same factors as satisfaction with cleaning performance as shown in Fig. 5.11.  One major
determinant of the remaining moisture content (RMC) in a load is load weight.  Therefore, it would
be anticipated that with higher load weights, participants would tend to be less satisfied with the level
of dampness.  To test this assertion, the loads done in phase II were segregated according to load
weight as shown in Fig. 5.12, and the level of dampness satisfaction (fraction of loads with
satisfaction levels applied) was determined.  Overall, dampness satisfaction followed the expected
trend, that participants’ were noted to be less satisfied as load weight increased.  Fig. 5.13 shows the
results for the same weight categories for phase I, and it appears that there is some improvement in
the level “complete” satisfaction for load weights in the 15-20-pound load weight range.
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Fig. 5.11 Washing factors that affect customer’s dampness satisfaction.

The h-axis washer used in the study had a switch on the operating panel that would increase the
speed and duration of the spin cycle to wring more moisture from the clothing.  Participants used
this max extract (maximum extraction) feature for about 62% of all loads and an extra rinse
feature for about 4% of all loads washed in phase II.  Fig. 5.14 shows the effects that these washer
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features had on the dampness satisfaction index.  There seems to be little in terms of a trend
except for the point that participants’ satisfaction levels were lower where the extra rinse alone
was used.  Beyond this, there were only minor differences in satisfaction levels.

Fig. 5.12 Dependence of dampness satisfaction with load weight for phase II.
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Fig. 5.13 Dependence of dampness satisfaction with load weight for phase I.
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Fig. 5.14 Dependence of dampness satisfaction on max. extract and extra 
rinse cycles (phase II machines).
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It is much more efficient to dry clothes by spinning them in a spin cycle than by using thermal
energy to evaporate the moisture.  Consequently, the effectiveness of the final spin in removing
moisture can be important in saving dryer energy.  The measure of how dry a load is after a
process (e.g. final spin) is the remaining moisture content.  RMC (as a fraction) is the weight of
the moisture retained in a load divided by the dry weight of the same load.  Lower RMCs are
desirable from an energy-efficiency standpoint.  From the pre-wash and post-wash load weight
data, a “field” RMC value could be obtained, and this was done for phase I, and for phase II with
the max extract feature enabled and without max extract.  Fig. 5.15 shows the trends produced
from this analysis.  In phase I, RMC values ranged from about 68% for a 2-pound load to about
50% for a 20-lb load.  In phase II, lower RMCs were produced by the h-axis washer operating
without the max. extract feature on, and still lower RMCs with the max. extract feature on.  The
RMC for the class of washers in phase I was particularly sensitive to the dry load weight, and
with higher load weights, both machines were able to leave loads with RMC values of 50% or
less.  For the 6-7 pound average load weight in phase II, the RMC of the h-axis machine using the
max. extract setting was about 48%.  It should be noted that these RMC values were measured in
the field and were based on the condition of loads as they were prepared for washing.  Laboratory
measurements of RMC are based on pre-wash conditions where the clothes are bone-dry.
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Fig. 5.15 Dependence of remaining moisture content on load weight.
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6. CONCLUSIONS

The major impetus of this study was quantifying the water and energy savings offered by a large
concentration in a community of horizontal-axis (h-axis) washers over conventional vertical-axis
(v-axis) washers.  Close to 35 billion loads of laundry are washed annually nationwide in the U.S
consuming 2.6% of the total residential end-use energy7.  The results of this study indicate that v-
axis washers on average use over 40 gallons of water and over 7,700 Btu or 2.25 kWh of end-use
energy per load of wash and that h-axis washers provide close to 38% water and 58% energy
savings over these v-axis washers.  Based on these averages, close to 1.4 trillion gallons of water
and 270 trillion Btu of energy are used by these v-axis washers annually nationwide and complete
replacement of these washers with h-axis washers could save over 500 billion gallons of water
and over 150 trillion Btu of energy annually.

In addition to demonstrating the h-axis washer as an extremely efficient technology, this study
evaluated and quantified many of the potential impacts of a changeover to high-efficiency clothes
washers.  These include impacts on customer habits and behavior patterns with respect to
laundering tasks, impacts on the energy and water used by customers, and impacts of washers on
the utilities that supply water.  Overall, the study showed that the changeover to the h-axis washer
had little impact on the way in which customers washed and dried clothes.  Customer laundry
patterns such as days of the week when laundry is done, detergent use, how loads are dried, and
use of additives did not change in the switchover to the h-axis model.  In addition, customers
made minor changes in their washer’s wash/rinse temperature settings between study phases: 9%
more loads were washed using a W/C temperature setting and 9% less loads were washed using a
H/C temperature setting in phase II than in phase I.

The study showed that, on average, participants’ overall satisfaction with the cleaning
performance of the h-axis washer over their original v-axis washer was much improved.  The
fraction of loads in which participants were “completely satisfied” with the cleaning performance
increased threefold from 15 to 45% in the changeover from the average v-axis washer to the h-
axis washer in the study.  In cases where v-axis washers that were 1-year old or newer were
replaced by the h-axis washer, the improvement in cleaning performance was notable: the number
of loads in which participants were completely or very satisfied rose from 86% to 97% of all
loads washed.  There was only a marginal improvement in cleaning satisfaction as a result of the
use of the high-efficiency detergent over the conventional detergent in phase II of the study.
With either type detergent, participants appeared to be well pleased.

The results from measurements of the “wetness” of loads removed from the washers were
consistent in the study.  Participants appeared to be much more satisfied with the dryness of loads
removed from the h-axis washer than from the typical, phase I v-axis washer.  Participants
appeared to be completely satisfied with the level of dryness in 9% of the phase I loads and 43%
of the phase II, h-axis loads.  This subjective measurement was corroborated by calculations of
remaining moisture content which showed that the h-axis washer – particularly if aided by the
high-speed spin setting – performed a better job of moisture removal for typical loads than the
average v-axis washer from phase I of the study.  With higher load weights, however, the
improvement (reduction) in remaining moisture content between the two washer types became
less noticeable.

                                                     
7 “Revolution, Not Agitation: A New Spin on Clothes Washing”, Home Energy, Vol. 13, No. 6,
November/December 1996, pp. 7-8.
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Major interests in the study were changes in the water and energy consumption between phases I
and II.  On average across all participants, the h-axis washer required only 62% of the water and
42% of the energy needed by the typical v-axis washer.  The impacts of these reductions are
shown in Fig. 6.1 and 6.2 where the cumulative water and energy consumption of all of the
instrumented washers were measured and the results plotted.

In each Figure, the trendline showing the total water or energy that would have been consumed if
the I washers had remained in place is shown.  The presence of two SuperWash Saturdays, one in
phase I and the other in phase II can be seen along with the week needed for the phase I-II
transition.  These savings in energy and water will continue to grow and produce benefits to the
participants and the community of Bern.  By converting to the h-axis washer, the 103 study
participants will continue to save the community of Bern more than 50,000 gallons of water – one
storage tankfull – each month.  The change in energy consumption exhibits a similar trend as
shown in Fig. 6.2.

In summary, the Bern Washer study showed the field performance of tumble-action, h-axis
washers to produce significant savings in energy and water as compared with conventional
washers found in the field.  The study showed that a transition to the h-axis technology did not
present any extra challenges that must be overcome by customers, or that they had to adjust any
laundry habits and patterns as a result of the replacement.  Of the variables that could affect
participant satisfaction, none were found to change a conclusion of superior cleaning performance
and satisfaction with post-wash load dryness.  The study demonstrated that large amounts of
energy and water used by the conventional phase I washers in Bern are not needed to clean
clothes effectively.  The h-axis technology was shown to use much less water and energy than the
phase I conventional washers while at the same time, was found to improve cleaning performance
and produced a high level of overall customer satisfaction.

Fig. 6.1 Projected impact of washer replacement on water consumption.
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Fig. 6.2 Projected impact of washer replacement on energy consumption.
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Appendix A. Water Metering for Clothes Washers

The following information – details regarding the distributed water meters used in the study – is
provided to help water utilities and others who may be interested in conducting similar projects
requiring end-use metering of water fixtures or appliances such as clothes washers.  Described is
the technique we used for adapting a conventional water meter with a remote digital readout that
could be easily read by the participants with each load of laundry.  This eliminated any need for
the water meters to be viewable by the participants.  The modification was found to be simple to
implement, relatively inexpensive and retained the inherent accuracy of the water meter.

Water consumption of clothes washers in the Bern Study was determined with conventional
nutating disk water meters of the type used by many water utilities for determining a customer’s
water consumption.  Water passing through this meter causes a disk within the meter itself to
nutate or wobble about a fixed axis
with a frequency which is
proportional to the volume flow rate
of water through the meter.  The
nutating disk is affixed to a 4-pole
permanent magnet, so that as water
passes through the meter, the magnet
rotates and a register on the face of
the meter itself senses its rotation.
We removed (temporarily) the
register (as shown at the photo at the
right) and installed a small reed
switch on the body of the meter itself.
The magnet hidden inside the bronze casing caused the reed switch to open and close four times
with each nutation.  Knowledge of the number of nutations per gallon of water passing through
the meter (provided by the meter manufacturer) along with information concerning the four-pole

magnet allowed us to develop the
modified meter relationship between
gallons of water passing through the
meter and number of reed switch
closures.  For the meters chosen, 200
contact closures represented
approximately one gallon of water
through the meter.

The reed switch was simply connected
to a battery-powered electronic
counter as shown in the photo at the
left.  Two counters, one for the hot
and one for the cold water meters,

were placed into a single box and the box was placed in a convenient location in the laundry room
of each participant.  Participants had only to read the numerals on each electronic counter once
with each laundry load, record the information on datasheets.  No resetting was required, and the
water consumption for each individual load could be determined from the datasheets submitted
from successive loads.



-A.2 -

Appendix B. Examples of Reports to Participants

The following pages are colorized examples of the individualized study reports sent to the 103
Bern Study participants during phases I and II of the study and at the end (comparison of phases I
and II).  Each report includes six graphics on the first page (first two pages in the case of the
comparison report), which provide percentages on:

(1) load frequency by day of the week,
(2) load frequency by hour of the day,
(3) initial soil level of the laundry prior to washing,
(4) methods used to dry the cleaned laundry,
(5) hot water use by machine temperature setting, and
(6) cold water used by machine temperature setting.

Only the actual temperature settings used by the participant are shown for (5) and (6).  Therefore,
not all of the possible five temperature settings (H/C, H/W, W/W, W/C and C/C) are necessarily
shown for each report.

The second page of the separate phase I and II reports and third page of the phase I and II
comparison report include a summary table on the totals and averages for the loads washed by the
participant.  The totals include:

• number of loads or cycles washed by participant
• weight of these loads
• amount of water used
• amount of energy used (calculated from thermal and machine energy)
• amount of moisture that would have to be removed by dryer or other drying method

The averages include:

• weight of laundry or washed clothes per load cycle
• water used per load or cycle
• washer energy in kilowatt-hours used per cycle
• ratio of load weight to water use in pounds per gallon
• ratio of load weight to energy use in pounds per kilowatt-hours

Only one report was issued to the study participants for phase I (vertical-axis washers) since most
of the data was collected by the time the report was issued.  Pages A.3 to A.4 provide an example
of the initial report on phase I customer #1, Karen Aeschliman.  Both an initial (after the first two
weeks) and an interim report (after the first month) were issued to the study participants for phase
II (horizontal-axis washers).  Pages A.5 to A.6 provide an example of the interim report on phase
II for the customer #1.  Final individual reports comparing phases I and II for all of the data
collected during both phases was issued along with this Bern washer study final report.  Page A.7
shows the third page of the final report that was sent out comparing phases I and II.  The contents
of the letter that accompanied the final individual report is on pages A.8 to A.10.  The letter
provides a description of all the calculated values given in the comparison table of the third page
of the individual report.  The first two pages of the final report aren’t shown since their layout is
the same as the first pages of the Phase I and II reports.



Bern Washer Study - Initial Phase 1 Results
Monday, August 25, 1997
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Name: Karen Aeschliman

Customer Number: 1
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Fig. 4. How You Dried Your 
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Fig. 1. Your Daily Load Frequency
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Fig. 5b. Machine Cold Water 
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Bern Washer Study - Initial Phase 1 Results
Monday, August 25, 1997

Total Number of Cycles: 88

Total Weight of all Loads (lbs): 633.28

Total amount of water used (gallons): 3906.02

Total amount of energy used (kwh): 89.03

Total amount of moisture removed by dryer (lbs): 358.56

Average washer energy use (kwh/cycle): 1.01

Average weight of clothes in a cycle (lbs): 7.20

Average water used per cycle (gallons): 44.39

Average weight of load per gallon of water used (lb/gal): 0.16

Average weight of load per kWh (lb/kWh): 7.11

Table 1. Calculations Based on Customer Data

Page 2 of 2

Name: Karen Aeschliman

Customer Number: 1
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Bern Washer Study - Interim Phase 2 Results
Friday, October 10, 1997
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Name: Karen Aeschliman

Customer Number: 1
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Fig. 5b. Machine Cold Water 
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Fig.  5a. Machine Hot Water 
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Bern Washer Study - Interim Phase 2 Results
Friday, October 10, 1997

Total Number of Cycles: 56

Total Weight of all Loads (lbs): 358.14

Total amount of water used (gallons): 1304.08

Total amount of energy used (kwh): 34.97

Total amount of moisture removed by dryer (lbs): 203.44

Average washer energy use (kwh/cycle): 0.62

Average weight of clothes in a cycle (lbs): 6.40

Average water used per cycle (gallons): 23.29

Average weight of load per gallon of water used (lb/gal): 0.27

Average weight of load per kWh (lb/kWh): 10.24

Table 1. Calculations Based on Customer Data

Page 2 of 2

Name: Karen Aeschliman

Customer Number: 1
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Bern Washer Stud y - Comparison of Phase I and II Results
Tuesday, March 17, 1998

Name: Karen Aeschliman

Customer Number: 1

Phase I
June & July 1997

Phase II
August, September, 

& October  1997

Your 
Savin gs or

Page 3 of 3

Difference

Study's
Average
Savings

- A.7 -

656.2

3,232.9

3,889.1

Water Use (gallons or gal)

594.2

3,368.7

3,962.9

6.6 4.3 2.3

37.9 21.1 16.7

44.5 25.4 19.1

86.2 51.9 34.3

440.3 259.3 181.1

62.0

135.9

73.8

Total Hot:

Total Cold:

Total Hot & Cold:

6.2

8.7

14.9

38.7

120.0

Average Hot Per Load:

Average Cold Per Load:

Average Load Hot + Cold:

Average Daily Hot + Cold:

Average Weekly Hot + Cold:

100.6

0.7

1.3

Energy Use (kilowatt-hours or kwh )

94.9

1.1

2.1

10.5 6.7 3.8

0.7

0.4

5.8Total Energy:

Average Energy Per Load:

Average Daily Energy Use:

Average Weekly Energy Use:

1.2

3.0

9.9

1,092.1

6.9

Load Wei ghts (pounds or lb )

667.0

7.2

14.5 14.6 0.1

74.1 72.8 1.3

0.3

425.1Total Weight of Loads:

Average Load Weight:

Average Daily Weight:

Average Weekly Weight:

376.8 641.8 265.0
Total Remaining Moisture:
(wet minus dry weight)

0.6 0.6 0.0Average Moisture Content:
(ratio [wet minus dry]/[dry])

0.1

160

Loads and Efficienc y 

93

0.2 0.3 0.1

7.0 10.9 3.8

67

0.1

4.4

Total Number of Loads:

Average lb/gal:

Average lb/kwh:
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Contents of Letter to Participants enclosed with Ph I and II Comparison Report

Dear Ms. Aeschiliman,

We have completed the analysis of the data collected by you during the Bern Washer Study.
Close to five months worth of data were collected during the study: two months during phase I
(old vertical-axis washer) and three-months during phase II (new horizontal-axis washer).  Again
John Tomlinson and I wish to thank you for your participation in the study and for your diligent
effort at writing data on the datasheets each time you performed a load of wash.  Enclosed with
this letter are two documents that provide you with the findings of the study.  The first is the final
Oak Ridge National Laboratory report that covers the results of all of the data and discusses the
water used and saved, the energy used and saved, customer satisfaction, dampness satisfaction,
and many other issues.  The second is an individualized report similar to what you have received
before.

Your own individual report shows how much water and energy you saved by switching from your
old washer to the new washer along with other information.  The first two pages of the report
provide information on the use patterns for phases I and II, respectively.  They show your usage
patterns for the time of the day and day of the week, how soiled your clothes were before
washing, how you dried your clothes, and water used with the different temperature settings of
the washer.  You can compare these two pages to see differences between phases I and II.  The
third page provides a comparison of the water and energy use, and efficiency of the old washers
(phase I) versus the new washers (phase II).  Each page has been colorized to better distinguish
phase I (in blue) from phase II (in green) results.

With regard to the third page of the individual report, information for phases I and II is given in
the first and second columns, respectively.  Your savings (or average differences) provided by the
new washer is given in the third column and is shown in black (or red).  The savings (in black)
are based on averages per load, day, week, or average efficiency and represent water or energy
savings with the new washer.  The differences (in red) do not necessarily represent savings and
can vary from participant to participant based on the number of loads washed.  Typically, these
values represent differences in totals and cannot be compared to other participants.  The average
savings for all participants are given in the fourth column and are shown in gold.  This column is
included so that you can see how your savings compare with the other study participants. There
are twenty-one calculations given on this page and, for easy reading, they have been broken down
into four major categories of information: water use, energy use, load weights, and loads &
efficiency.

Water Use

Total Hot, Total Cold, and Total Hot + Cold: The values in the first two columns show the total
gallons of water (hot, cold, and hot plus cold) used during each phase of the study.  The value in
the third column is the difference between these two totals, which may or may not represent
savings.  These two values should only be compared if they are divided by the number of wash
loads (shown near the end of the first two columns) performed during each phase of the study.
See below.

Average Hot and Average Cold Per Load, and Average Load Hot + Cold: The values in the first
two columns show the average gallons of water (hot, cold, or hot plus cold) used for each load of
wash for the two phases.  They were calculated by dividing the total water used (given above) by
the total number of wash loads (given later).  These values are good indicators of how much hot,
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cold, or total water was used, on average, for each load of wash.  The third and fourth columns
show the average gallons of water you saved and average gallons saved by all participants for
each wash load. On average for all participants, the phase II washers used 6.2, 8.7, and 14.9
gallons less hot, cold, and hot plus cold water, respectively, than the phase I washers.

Average Daily Hot + Cold, Average Weekly Hot + Cold: The values in the first two columns
show the average gallons of water (hot plus cold) used daily or weekly.  The last two columns
show your daily or weekly water savings and the average savings for all participants.  On
average, participants saved 38.7 and 120 gallons per day and week, respectively.

Energy Use

Total Energy: The values given in the first two columns show the total kilowatt-hours of energy
(electrical energy of washer motor plus thermal energy of hot water) used during each phase of
the study.  The electrical energy calculation for the washer motor is based on the electrical rating
of your washer.  The thermal energy calculation for the hot water is based on the gallons of hot
water you used and the temperature difference between the hot water and cold water faucets at the
washer.   As indicated above, the third column is only a difference and may or may not represent
a savings.

Average Energy Per Load: The values given in the first two columns show the average kilowatt-
hours of energy used for each load of wash.  They were calculated by dividing the total energy
used by the total number of wash loads.  The third and fourth columns show your average energy
savings and the average savings for all participants.  On average for all participants, the phase II
washers used the equivalent of 1.2 kilowatt-hours less energy than the phase I washers.

Average Daily Energy Use, Average Weekly Energy Use: The values in the first two columns
show the average kilowatt-hours of energy used daily or weekly during the two phases.  The last
two columns show your daily or weekly energy savings and the average savings for all
participants.

Load Weights

Total Weight of Loads: The values shown in the first two columns are the total weight of clothes
washed by your washers during each phase of the study. These were calculated by adding all load
weights before each wash.  The value in the third column is the difference between these two
totals, which may or may not represent a savings.  The two values for phase I and II should only
be compared if they are divided by the number of wash loads performed during each phase of the
study.  See below.

Average Load Weight: The values in the first two columns show the average load weight for the
two phases.  They were calculated by dividing the total weight of the laundry (given above) by
the total number of wash loads (given later).  The third column is the difference in average load
weight between phases I and II.

Average Daily Weight, Average Weekly Weight: The values in the first two columns show the
average weight of laundry washed daily or weekly. The third column shows the difference in
these averages between phases I and II.

Total Remaining Moisture: The values in the first two columns show the weight of the moisture
remaining in loads for the two phases of the study.  It was calculated by subtracting the total
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weight of the laundry before washing from the total weight of the laundry after washing.  This
value represents the amount of water in pounds remaining in the clothes after washing.  It is the
amount of moisture that has to be removed from the clothes either by drying them in the dryer or
out on the clothesline.  The phase I and II values should only be compared if the totals are divided
by the number of wash loads performed during each phase.  For example, 2.0 and 2.5 pounds per
load for phase I and II, respectively could be compared if the total remaining moisture is 200 and
300 pounds and the number of loads is 100 and 120 for phase I and II, respectively.

Average Moisture Content: The values in the first two columns show the average moisture
content for the two phases of the study.  It was calculated by summing up all the moisture
contents (the value given above but divided by the total weights before washing) for every load of
wash and dividing by the number of wash loads.  These values have no units but provide a
measure of the percent of moisture remaining in the clothes after washing.  For example, if the
value is 0.6 then the moisture content is 60 percent.  In other words if the laundry was dry and
weighed 100 pounds before washing then the laundry would be holding 60 pounds of water after
washing and would weigh 160 pounds.

Loads & Efficiency

Total Number of Loads: The values shown in first two columns are the total number of wash
loads based on the number of datasheets you turned in during phase I and II of the study.  These
values were used to calculate the averages for water use, energy use, and load weights given
above.

Average lb/gal: The first two columns show the average lb/gal or pounds of laundry per gallon of
water use for phases I and II of the study.  The values were calculated by dividing the total weight
of all the clothes washed by the total (hot plus cold) water used in each of the phases. The third
and fourth column show your average lb/gal savings and the average savings for all participants.
On average for all participants, the phase II washers saved 0.1 lb/gal over the phase I washers.
The ratio gives you some idea of how much load weight (pounds of clothes) can be washed for
every gallon of water.  For example if the values are 0.1 and 0.3 for phases I and II, respectively,
then 10 gallons of water will wash on average 1 and 3 pounds of clothes for phase I and II,
respectively.

Average lb/kWh: The first two columns show the average lb/kWh or pounds of laundry per
kilowatt-hours of energy for phases I and II.  The average lb/kWh is another efficiency indicator
of the phase I and II washers.  The values were calculated by dividing the total weight of all the
clothes washed by the total energy used in each phase. The third and fourth column show your
average lb/kWh savings and the average savings for all participants.  On average for all
participants, the phase II washers saved 4.4 lb/kWh over the phase I washers.  The ratio gives you
some idea of how much load (weight) can be washed for every kilowatt-hour of energy used.  For
example if the values are 3.0 and 7.0 for phases I and II, respectively, then 1 kilowatt-hour will
wash 3 and 7 pounds of clothes for phases I and II, respectively.

Thank you again for your participation in this important research study.

Sincerely,

John Tomlinson and D. Tom Rizy

Attachment (3-page phase I and II comparison report)
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Appendix C. Data Integrity and Quality

Overall the completeness of the data was very good with any one field of information being 88%
complete or better (see Table C.1) with the exception of the “did you” field which was an
optional field.  The quality of the data (see Tables C.2 and C.3) was also very good as well with
an extremely small percentage of the data consisting of outliers (out of range values).  These
outliers are due to out of place (in terms of date and time) records, incomplete data, or incorrectly
entered information or a combination of the three.  The completeness and quality of the data is
discussed more in detail below.

Completeness of Recorded Data

Part of the quality of the data is the completeness of the data records.  The completeness of each
data sheet or record refers to the number of nonblank entries in each data field or cell as
compared to the total number of data records that was turned in.  The completeness of the data set
was examined by counting the number of nonblank entries for each of the possible data fields and
comparing it to the total number records turned in.  A total of 20,858 data sheets or records were
turned in by the study participants over the five-month long data collection period of the study
(two-months during phase I and three-months during phase II).  Each data sheet consists of 22 to
32 individual fields or cells of data.  For phase I, the maximum was 22 for a wash load without
the analog readings from the faces of the water meters and 26 with the readings.  For phase II, the
maximum was 28 for a wash load without the analog readings and 32 with the readings.  The
cells of data consist of:

a) sequence number or the order in which each data sheet was scanned and
entered into the database (1 field),

b) lithocode or unique id number associated with each individual data sheet (1
field),

c) date (1 field),
d) time (1 field),
e) pre-wash load weight (2 fields),
f) soiled level of pre-wash laundry (1 field),
g) “did you” or pre-wash preparations such as pretreat stains, use of bleach,

presoak, use of fabric softener (1 field in phase I, 6 fields in phase II),
h) detergent amount (1 field),
i) detergent brand (1 field),
j) detergent type (1 field),
k) machine temperature, load, and cycle settings (4 fields for phase I, 5 for

phase II),
l) digital hot and cold water readings (2 fields),
m) post-wash load weight (2 fields),
n) dampness satisfaction index indicated by participant (1 field),
o) cleanliness satisfaction index indicated by participant (1 field),
p) method used to dry cleaned laundry (1 field),
q) analog meter reading (4 readings)

Table C.1 shows the total number of records turned in by the study participants for each phase of
the study.  Also, the number of nonblank or filled-in values for each cell as well as percent of the
total records that this represents is shown in this table.  For example, 7585 or 99.2 % out of a total
of 7645 records were filled in for the “date” field.
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Table C.1 Completeness of Phase I and II Data Records.

Phase (Ph) I
Records

Phase (Ph) II
Records

# Data Record No. % No. %
Total Records 7645 13213
Records with Lithocodes 7645 100.0% 13211 100.0%
Customers 103 103

1 Date & Time
Date 7585 99.2% 13017 98.5%
Time 7458 97.6% 12838 97.2%

2 Weigh load with scale (preweight)
pre-pounds 7570 99.0% 13013 98.5%
pre-ounces 7552 98.8% 13013 98.5%

3 How Soiled is this load? 7453 97.5% 12812 97.0%

4 Did you: 3115 40.7% 9499 71.9%

5 Detergent
Amount 6998 91.5% 12393 93.8%
Brand 6724 88.0% 12071 91.4%
Type 7262 95.0% 12455 94.3%

6 Machine Settings
Cycle (Ph I) or Fabrics (Ph II) 7462 97.6% 12862 97.3%
Load Size (Ph I) or Wash/Rinse (Ph II 7385 96.6% 12859 97.3%
Wash Temperature (Ph I) or Options (Ph II) 7375 96.5% 10512 79.6%
Rinse Temperature (Ph I) or Quick/Delay Wash (Ph II) 7379 96.5% 845 6.4%
Regular (Ph II only) 12318 93.2%

7 Water Used
Hot 7444 97.4% 12894 97.6%
Cold 7534 98.5% 12972 98.2%

8 Weigh damp load with scale (postweight)
Post-pounds 7535 98.6% 12930 97.9%
Post-ounces 7508 98.2% 12929 97.9%

9 Satisfaction with dampness of load after wash cycle? 7299 95.5% 12502 94.6%

10 Satisfaction with overall cleanability of load? 7215 94.4% 12380 93.7%

11 How will this load be dried? 7319 95.7% 12586 95.3%

Analog Readings:
Cold Register 207 152
Cold Needle 209 144
Hot Register 210 149
Hot Needle 207 141
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Overall the completeness of the data is very good at 88% or better with the exception of the “did
you” field.  The completeness of the “did you” field for phase I is lower than for phase II because
the possibility of multiple selections was not accounted for in the data entry process for phase I.
For the phase II data entry process, the field was broken down into 6 cells so that these multiple
selections could be captured.

All but a few of the data records of phase I and II represent a load of wash.  A small percent of
them represent only the analog water readings at the beginning and end of each phase.  In some
cases the readings were recorded on a datasheet together with wash load data.  In other cases the
readings were recorded separately from a load of wash.

Integrity of Data

A second area of data quality is the reasonableness or integrity of the recorded readings and the
various calculations from the recorded readings (such as water use and load weight) in each data
record.  A small number of the recorded readings were incorrectly entered either by the
participant on the datasheet or by State Testing and Evaluation in the creation of the digital file.
Many of these misentered readings showed up as values that were too small or too large.  The
values showed up as null (blank) values if no entry was entered for any reading.  The calculations
most sensitive to incorrect entries or lack of them are the water use calculations.  First, the
calculations depended on having both a pre- and post-reading in order to calculate the water use
for the load of wash.  By design, the raw data records contained only one reading which
represented the digital reading after the laundry (post reading) had been washed. It was first
necessary to match up post and pre-water digital readings in order to calculate water use.  It was
therefore necessary to create a table of pre-wash readings for each record.  The pre-readings were
determined by looking back at the record that occurred just prior to the current record.  This
required sorting of the records by both customer #, date, and by time.  Thus water use, either hot
or cold, was calculated by subtracting the pre-reading of this table from the post-reading of the
data records for the same record.  An incorrect entry for either of these values needed for sorting
resulted in an outlier, a calculated value outside of the normal range of values.  The weight
calculations required either a recorded pound (lb) or an ounce (oz) reading in order to calculate
the pre- or post-weight of the laundry. The weight calculations did not require customer #, date,
and time in order to determine totals and averages.  These values were only needed to sort or
group the data by customer, date, and/or time.

Table C.2 and C.3 describe the quality of the data as it relates to both the water use and load
weight calculations. The tables show the percent of the data records that provide reasonable
calculations.

Over 85% of the data records in phase I and II were found to be of extremely good quality for
water use calculations, since they fell within the 0 to 60 gallon range.  Over 95% of the data
records in phase I and II were found to be of extremely good quality for load weight calculations,
since they fell with the 0 to 20 pounds range.  Reasonableness of the calculations was determined
by grouping the calculations into four groups.  For the water use calculations, these are (1) less
than 0 gallons, (2) 0 to 60 gallons, (3) greater than 60 gallons, and (4) not enough data to perform
the calculation.  For the load weight calculations, these are (1) less than 0 pounds, (2) 0 to 20
pounds, (3) greater than 20 pounds, and (4) not enough data to perform the calculation.  For
example, 85.9% and 91.3% of the phase I and II data records, respectively, provide water
calculations that fall within the range of 0 to 60 gallons.  Limits were used in the Microsoft
Access queries to eliminate gross outliers.  The limit of 0 to 100 gallons was used for the cold and
hot water use calculations, instead of 0 to 60 gallons, which was considered to be too narrow in
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range.  The limit of not less than 0 pounds was used for the load weight calculations.  The
average value calculated for the water use and load weight both without these limits and with the
previously stated limits is shown on the right side of each table.

Table C.2 Quality (percent of total records) of Phase I and II Hot and Cold Water
Calculations.

% in Water Use (gal) Range Average Water Use

Less than 0 0 to 60
Greater
Than 60

Not Enough Data
For Calculation

Limits
(0 to 60)

Limits*
(0 to 100)

Phase I
Hot 9.3% 85.9% 2.1% 2.6% 11.23 11.57
Cold 3.9% 88.9% 5.8% 1.5% 28.48 29.89
Hot + Cold 39.71 41.46

Phase II
Hot 5.6% 91.3% 1.5% 1.6% 4.77 4.83
Cold 3.6% 92.2% 3.3% 1.0% 20.38 20.96
Hot + Cold 25.15 25.79

*Limits used to calculate the total and average water use in the study.  They were used to eliminate
any unreasonable calculations due to incorrectly entered water readings (by participant or key punch
operator) or sorting problems with readings due to incorrectly entered date or time.

Table C.3 Quality (in percent of total records) of Phase I and II Pre-Wash and Post-
Wash Weight Calculations.

% in Weight (lb) Range Average Load Weights

Less than 0 0 to 20

Greater Than
20 and Less
Than 40

Not Enough Data
For Calculation No Limits

Limits
(greater
than 0)*

Phase I
PreWash 0.6% 98.4% 0.03% 1.0% 6.60 6.65
PostWash 0.3% 96.0% 2.3% 1.4% 10.32 10.36

Phase II
PreWash 0.2% 99.5% 0.1% 0.3% 6.97 6.98
PostWash 0.1% 95.8% 3.4% 0.9% 10.39 10.40

*Limits used to calculate the total and average load weights in the study.  They were used to
eliminate any unreasonable calculations due to incorrectly entered load weight data (by participant
or keypunch operator).
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Appendix D. Individual Water Tap Temperatures and Differences at Each Washer

The water temperatures of both the hot and cold water taps (or faucets) at each participant’s
washer were measured at the beginning of this study.  The individual water temperatures and their
differences are provided in Table D.1.  The average hot and cold water temperatures and
difference were found to be 132.5, 62.5, and 72°F, respectively.  The individual temperature
differences in this Table D.1 along with the amount of hot water were used to calculate the
thermal energy consumed for each load of laundry washed by each participant.

Table D.1 Hot and Cold Water Temperatures Measured at Each Participant’s Washer.

Temperature Measurements and
Difference (°F)

Participant Customer No Hot Water Cold Water Hot Minus Cold
1 1 113 60 53
2 2 146 57 89
3 3 140 60 80
4 4 125 61 64
5 5 132 62 70
6 6 136 58 78
7 7 143 60 83
8 8 124 61 63
9 9 134 57 77

10 10 132 63 69
11 11 165 60 105
12 12 111 65 46
13 13 134 61 73
14 14 112 57 55
15 15 127 65 62
16 16 129 59 70
17 17 126 62 64
18 18 124 64 60
19 19 139 63 76
20 20 148 58 90
21 21 133 68 65
22 22 137 60 77
23 23 124 60 64
24 24 134 59 75
25 25 146 61 85
26 26 143 59 84
27 27 136 56 80
28 28 141 58 83
29 29 141 61 80
30 30 119 62 57
31 31 127 65 62
32 32 120 57 63
33 33 168 57 111
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Table D.1 Hot and Cold Water Temperatures Measured at Each Participant’s Washer (cont.).

Temperature Measurements and
Difference (°F)

Participant Customer No Hot Water Cold Water Hot Minus Cold
34 34 126 60 66
35 35 137 60 77
36 36 110 57 53
37 37 122 58 64
38 38 149 57 92
39 39 150 63 87
40 40 120 61 59
41 41 120 63 57
42 42 131 63 68
43 43 136 66 70
44 44 117 66 51
45 45 123 61 62
46 46 130 60 70
47 47 129 62 67
48 48 122 61 61
49 49 135 59 76
50 50 134 58 76
51 51 159 56 103
52 53 125 61 64
53 54 139 63 76
54 55 121 58 63
55 56 134 63 71
56 57 134 60 74
57 58 121 60 61
58 59 143 57 86
59 60 123 66 57
60 61 146 59 87
61 62 134 58 76
62 63 152 60 92
63 64 128 64 64
64 65 114 61 53
65 66 138 64 74
66 67 141 65 76
67 68 143 59 84
68 69 138 57 81
69 70 135 62 73
70 71 128 55 73
71 72 134 60 74
72 73 148 60 88
73 74 115 58 57
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Table D.1 Hot and Cold Water Temperatures Measured at Each Participant’s Washer (cont.).

Temperature Measurements and
Difference (°F)

Participant Customer No Hot Water Cold Water Hot Minus Cold
74 75 121 61 60
75 76 110 61 49
76 77 141 61 80
77 78 156 66 90
78 79 134 60 74
79 80 131 60 71
80 82 134 61 73
81 83 145 61 84
82 84 122 59 63
83 85 134 61 73
84 86 134 61 73
85 87 136 55 81
86 88 147 56 91
87 89 114 60 54
88 90 150 57 93
89 91 146 60 86
90 92 140 60 80
91 93 131 61 70
92 94 125 61 64
93 95 137 59 78
94 96 118 56 62
95 97 113 59 54
96 98 131 61 70
97 99 120 60 60
98 100 137 64 73
99 101 133 58 75

100 102 135 61 74
101 103 122 60 62
102 104 120 70 50
103 105 134 61 73

average 132.5 60.5 72
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Abstract 
 
The authors present a manuscript covering the Southern Nevada Water Authority’s 
(SNWA) multi-year Xeriscape Conversion Study, which was funded in part by the 
Bureau of Reclamation - Lower Colorado Regional Area1. 
 
Xeriscape (low-water-use landscaping) has held the promise of significant water savings 
for a number of years, but how much exactly it can save, especially as a practical 
residential landscape concept has been a point of debate and conjecture.  Lacking to date 
has been a truly experimental quantitative study in which per-unit area application data 
has been gathered to quantify savings estimates (for a variety of reasons, most research 
has been limited to the total household level, with comparisons involving homes that are 
mostly xeriscape or traditional landscaping).  Recognizing the need for more exacting 
(and locally applicable) savings estimates, SNWA conducted a study that could yield 
quantitative savings estimates of what a xeriscape conversion facilitation program could 
yield under real world conditions. 
 
The experimental study involved recruiting hundreds of participants into treatment 
groups (a Xeric Study and a Turf Study Group and control groups), as well as the 
installation of submeters to collect per unit area application data.  Data on both household 
consumption and consumption through the submeters was collected, as well as a wealth 
of other data.  In most cases, people in the xeric study group converted from turf to 
xeriscape, though in some cases recruitment for this group was enhanced by permitting 
new landscapes with xeric areas suitable for study to be monitored.  Portions of xeric 
areas were then submetered to determine per-unit area water application for xeric 
landscapes.  The TS Group was composed of more traditional turfgrass-dominated 
landscapes, and submeters were installed to determine per-unit area application to these 
areas as well.  Submeter installation, data collection, and analysis for a small side-study 
of multi-family/commercial properties also took place. 
 
Results show a significant average savings of 30% (96,000 gallons) in total annual 
residential consumption for those who converted from turf to xeriscape.  The per-unit 
area savings as revealed by the submeter data was found to be 55.8 gallons per square 
foot (89.6 inches precipitation equivalents) each year.  Results showed that savings 
yielded by xeriscapes were most pronounced in summer.  A host of other analyses 
covering everything from the stability of the savings to important factors influencing 
consumption, to cost effectiveness of a xeriscape conversion program are contained 
within the report. 
 
An abbreviated summary of the report’s findings appears as the Executive Summary 
and Conclusions section (pg. 60). 
 

                                            
1This report with written and electronic appendices satisfies a deliverables requirement pursuant 
the applicable funding agreement with the Bureau of Reclamation (Cooperative Agreement #5-
FC-30-00440).  SNWA gratefully acknowledges BOR for its funding assistance with this project. 
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Keywords:  water conservation, xeriscape, xeric, landscape conversion, desert landscape 
low-water-use, plants, landscape, irrigation, residential water consumption, outdoor 
water use, submeter, irrigation controller, resource conservation, incentive programs, 
utility, water resources. 
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Introduction and Background 

 
XERISCAPE AND WHAT IT MAY MEAN FOR WATER CONSERVATION 
 
In the Mojave Desert of the southwestern United States, typically 60 to 90% of potable 
water drawn by single-family residences in municipalities is used for outdoor irrigation.  
Thus, in this region, and indeed most of the entire Southwest, the most effective 
conservation measures are oriented towards reducing outdoor water consumption.  A 
commonly considered method for accomplishing water conservation is to use xeriscape 
(low-water-use landscaping) in place of traditional turf.  Xeriscape is based on seven 
principles: 
 

• Sound Landscape Planning and Design 
• Limitation of Turf to Appropriate Areas 
• Use of Water-efficient Plants 
• Efficient Irrigation 
• Soil Amendments 
• Use of Mulches 
• Appropriate Landscape Maintenance 

 
The term “xeriscape” was invented by Nancy Leavitt, of Denver Water (a public utility) 
in the early 1980s as a fusion of the Greek word “xeros” (meaning dry or arid) and 
landscape.  Denver Water trademarked the term shortly thereafter though it has entered 
the English vernacular over the last 20 years as the concept has spread globally. 
 
So promising was xeriscape, that water purveyors and others interested in conservation 
began actively promoting xeriscape in place of traditional landscape as early as the 
mid-80s as part of water conservation strategies.  The need to better understand its true 
effectiveness as a conservation tool led to a host of studies being conducted in the 1990s, 
which have generally pegged savings associated with xeriscape at between 25% and 42% 
for the residential sector (Bent1 1992, Testa and Newton2 1993, Nelson3 1994, Gregg4 
et  al. 1994).  The variation in savings estimates is due to a large number of factors 
ranging from the different climates of each study locality, different local definitions of 
xeriscape, and different study methodologies employed. 
 
The work done to this point has greatly advanced the water conservation community’s 
ability to evaluate, modify, and justify programs to encourage the use of xeriscaping as an 
integral component of water conservation plans.  Utilities, water districts, cities, counties, 
and states are beginning to promote xeriscape as a cost-effective, mutually beneficial 
alternative to traditional turfgrass-dominated landscapes.  Recently, this interest has 
increased at the national level, and this study is part of that evolution.  Interest is further 
enhanced at the time of publication of this report due to a significant drought impacting 
the Colorado River Basin and much of the western United States. 
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NEVADA’S COLORADO RIVER RESOURCES AND THE SPECIAL IMPORTANCE OF 
 OUTDOOR WATER CONSERVATION 
 
The Colorado River serves as the lifeblood for many of the communities of the 
southwestern United States, permitting society to flourish, despite the harsh, arid 
conditions that often define it.  It serves the needs of millions within the region and its 
yearly volume is entirely divided up by the Colorado River Compact5 and subsequent 
legislation and legal decisions, known as the “Law of the River” that specify allocations 
for each of the states (and Mexico) through which it flows.  Among other things, the 
Bureau of Reclamation – Lower Colorado Region (BOR-LCR) is charged with 
maintaining an adequate and established allocation of water for each of the states in the 
arid Lower Basin.  Since water demand management is ultimately accomplished at local 
levels, BOR-LCR actively partners with entities that divert Colorado River water to 
encourage conservation.  In southern Nevada, the major regional organization meeting 
this criterion is the Southern Nevada Water Authority (SNWA). 
 
In 1991 the SNWA was established to address water on a cooperative local basis, rather 
than an individual water purveyor basis.  The SNWA is committed to managing the 
region’s water resources and developing solutions that ensure adequate future water 
supplies for southern Nevada.  The member agencies are the cities of Boulder City, 
Henderson, Las Vegas, North Las Vegas, the Big Bend Water District, the Clark County 
Water Reclamation District, and the Las Vegas Valley Water District.  As southern 
Nevada has grown into a metropolitan area and a world-famous vacation destination, so 
too have its water needs.  The SNWA was created to plan and provide for the present and 
future water needs of the area. 
 
Five different water purveyors provide potable water to most of Clark County.  Big Bend 
Water District provides water to the community of Laughlin; the cities of Boulder City 
and Henderson provide water to their respective communities.  The Las Vegas Valley 
Water District provides water to the City of Las Vegas and portions of unincorporated 
Clark County; the City of North Las Vegas provides water within its boundaries and to 
adjacent portions of unincorporated Clark County and the City of Las Vegas.  The 
SNWA member agencies serve approximately 96% of the County’s population. 
 
Southern Nevada’s climate is harsh.  The Las Vegas Valley receives only 4.5 inches of 
precipitation annually on average, has a yearly evapotranspirational (ET) water 
requirement of nearly 90 inches, and it is one of the fastest growing metropolitan areas in 
the United States.  Clark County, the southernmost county in Nevada, has a population in 
excess of 1.6 million people and has been experiencing extremely strong economic 
growth in recent years with correspondent annual population growth averaging in excess 
of 5% percent.  The primary economic driver of Clark County’s economy is the tourism 
and gaming industry, with an annual visitor volume in excess of 30 million people per 
year.  Today more than 7 out of every 10 Nevadans call Clark County home. 
 
Consumptive use (use where Colorado River water does not return to the Colorado River) 
is of paramount interest to SNWA (specifically, consumptive use is defined by SNWA as 
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the summation of yearly diversions minus the sum of return flows to the River).  A 1964 
Supreme Court Decree in Arizona v. California verified the Lower Basin apportionment 
of 7.5 million acre feet (MAF) among Arizona, California, and Nevada, including 
Nevada’s consumptive use apportionment of 300,000 acre feet per year (AFY) of 
Colorado River water as specified initially in the Colorado River Compact5 and 
Boulder Canyon Project Act6.  Return flows in Nevada consist mainly of highly treated 
Colorado River wastewater that is returned to Lake Mead and to the Colorado River at 
Laughlin, Nevada.  With return flow credits, Nevada can actually divert more than 
300,000 AFY, as long as the consumptive use is no more than 300,000 AFY (see diagram 
below).  Since Colorado River water makes up roughly 90% of SNWA’s current 
water-delivering resource portfolio, it means that in terms of demand management, 
reduction of water used outdoors (i.e., water unavailable for accounting as return flow) is 
much more important in terms of extending water resources than reduction of indoor 
consumption at this point in time. 
 
 
Diagram Showing Dynamic of Diversions, Return Flow Credits (from indoor uses) 

and Consumptive Use 

 
Since most of the SNWA (Authority) service area contains relatively scarce local 
reserves (there are little surface or groundwater resources) and since, as explained above, 
its Colorado River apportionment is limited, the organization has an aggressive 
conservation program that began in the 1990s.  The Authority has been committed to 
achieving a 25% level of conservation (versus what consumption would have been 
without conservation) by the year 2010 (note though that soon this goal will be revised to 
probably be even more aggressive in the immediate future due to the drought).  In 1995, 
the SNWA member agencies entered into a Memorandum of Understanding (MOU) 
regarding a regional water conservation plan.  The MOU, updated in 1999, identifies 
specific management practices, timeline, and criteria the member agencies agree to 
follow in order to implement water conservation and efficiency measures.   
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The programs or Best Management Practices (BMPs) listed in the MOU include water 
measurement and accounting systems; incentive pricing and billing; water conservation 
coordinators; information and education programs; distribution system audit programs; 
customer audit and incentive programs; commercial and industrial audit and incentive 
programs; landscape audit programs; landscape ordinances; landscape retrofit incentive 
programs; waste-water management and recycling programs; fixture replacement 
programs; plumbing regulations, and water shortage contingency plans.  The BMPs 
provide the framework for implementing the water conservation plan and guidance as to 
the methods to be employed to achieve the desired savings. 
 
 
THE RESEARCH STUDY 
 
The potentially large water savings attainable with the broad-scale use of xeriscaping and 
the fact that associated reductions are in consumptive-use water makes xeriscape of 
paramount interest for both BOR and SNWA.  For this reason, a partnership between 
BOR and SNWA was formed to investigate the savings that could be obtained with a 
program to encourage converting traditional turfgrass landscape to xeriscape.  This was 
formally implemented as a Cooperative Agreement7 in 1995.  With its signing, a 
multi-year study of xeriscape was born, which has come to be known as the SNWA 
Xeriscape Conversion Study (XCS).  As delineated in the most recent version of the 
Scope (Appendix 1) for this agreement, the objectives of the Study are to: 
 

• Objective 1:  Identify candidates for participation in the Study and monitor their 
water use. 

• Objective 2:  Measure the average reduction in water use among Study 
participants. 

• Objective 3:  Measure the variability of water savings over time and across 
seasons. 

• Objective 4:  Assess the variability of water use among participants and to identify 
what factors contribute to that variability. 

• Objective 5:  Measure the capital costs and maintenance costs of landscaping 
among participants. 

• Objective 6:  Estimate incentive levels necessary to induce a desired change in 
landscaping. 

 
SNWA assembled a team to support the XCS, and field data was collected through 2001 
with the draft final report finished in 2004 (intermediate reports outlined some of the 
major conclusions).  By agreement, the SNWA agreed to provide the raw data collected 
for possible use in national research efforts by BOR (data was included with the final 
version of this manuscript submitted to BOR). 
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Methodology 
 
STUDY GROUPS AND MONITORING 
 
The study team recruited participants who live in single-family residences within the 
following entities’ water jurisdictions:  The Las Vegas Valley Water District (77% of the 
participants in the entire study group), Henderson (12%), North Las Vegas (9%), and 
Boulder City (2%). 
 
There are a total of three groups in the XCS, the Xeriscape Study (XS) Group, the Turf 
Study (TS) Group, and a non-contacted Comparison Group.  The XS Group is composed 
of residents who converted at least 500 square feet (sqft) of traditional turfgrass to xeric 
landscape as well as residents who installed new xeric landscaping.  To clarify, in this 
region, xeric landscaping is principally composed of a combination of desert-adapted 
shrubs, trees, some ornamental grasses, and mulch (often rock).  A $0.45 per square foot 
incentive helped the property owner by absorbing some, but not the majority, of the cost 
of the conversion.  Homeowners were required to plant sufficient vegetation so that the 
xeric landscape would at a minimum have 50% canopy coverage at maturity.  This 
avoided the creation of unattractive “zeroscapes” composed exclusively of rocks, which 
could potentially act as urban heat islands.  The incentive was capped for each residence 
at $900 for 2,000 sqft; however, many residents converted more landscape than that 
which qualified for the incentive with the cap.  Indeed, the average area converted in this 
study group was 2,162 sqft.  A total of 472 properties were enrolled in the Study as 
XS Group participants.  Aerial photographs, supported by ground measures, were used 
for recording areas.  As a supplement to the main experimental group, 26 multi-family 
and commercial properties were submetered as well. 
 
In return for the incentive, XS Group residents agreed to ongoing monitoring of their 
water consumption.  This was accomplished in two ways.  First, mainmeter data was 
taken from standard monthly meter reading activity (this was for assessing water use at 
the entire single-family residence level).  Second, residents agreed to installation of a 
submeter that monitored irrigation consumption on a portion of the xeric landscape.  
Submeters were typically read monthly, as with mainmeters and were used to study 
per-unit area application of water comparatively.  The area monitored by the submeter 
was called the Xeric Study Area.  Study areas were tied to irrigation zones and stations.  
Virtually all study properties have in-ground irrigation systems and controllers to avoid 
the presence or absence of these as a major confounding factor.  This experimental 
control is important because it has been noted that the presence of automated irrigation is 
highly associated with increased water usage for residential properties (Mayer and 
DeOreo8 et  al. 1999) apparently because such systems make irrigation more likely to 
occur regularly versus hand-watering.  Having participants in both groups possess 
automated systems also avoids the potential bias of more heavily turf-covered properties 
being more likely to be fully automated, thus having higher consumption as was the case 
for Bent1 1992 (as identified in Gregg4 et  al. 1994).  All areas of each property were 
broken down into landscape categories.  For example, a XS Group property might have 
monitored (via the submeter) xeric landscape and unmonitored xeric, turf, garden, and 
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other (non-landscaped) areas.  Square footages were recorded for each of these respective 
area types. 
 
In addition to water-consumption monitoring, residents agreed to a yearly site visit for 
data-collection purposes.  During site visits, information was collected on the xeric 
species present, plant canopy coverage at the site, components of the irrigation system, 
and per-station flow rates. 
 
Staff trained in the identification of locally used landscape plants collected data on plant 
size and species present. 
 
Plant canopy coverage was calculated by first taking the observed plant diameters, 
dividing this number by two to get radius, then applying the formula for getting the area 
of a circle (A=πr2).  This area result was then multiplied by the quantity of those species 
of plants observed to be at that size.  The summation of all areas of all plants of all size 
classes in the study area is the total canopy coverage for that area. 
 
Data on the components of irrigation systems was collected by staff trained in the 
different types of irrigation emitters available (ex. drip, microsprays, bubblers, etc.).  
Staff then ran individual stations and watched meter movement to get the per-station flow 
rates. 
 
The Turf Study (TS) Group is composed of properties of more traditional landscape 
design, where an average 2,462 sqft of the landscaped area was of traditional turfgrass 
(most commonly Fescue).  Mainmeter data was collected in the same manner as for the 
XS Group.  Due to design challenges, the submeter was more commonly hooked to 
monitor a mixed type of landscape rather than just turf, though many did exclusively 
monitor turf (only “exclusively turf” monitoring configurations were used in per-unit area 
landscape analyses).  TS participants enrolled voluntarily, without an incentive and 
agreed to yearly site visits as above.  Other data on irrigation systems was collected in a 
manner similar to that for the XS Group properties.  A total of 253 residences were 
recruited into the TS Group. 
 
The enrollment of participant residences into the XS and TS Groups was directly 
dependent on homeowners’ willingness to participate in this study.  For this reason, 
sampling bias was of reasonable concern to SNWA.  To address this, a third subset of 
non-contacted Comparison Groups was created to evaluate potential biases.  Comparison 
properties were properties with similar landscape footprints and of similar composition to 
the TS group and pre-conversion XS Group and were in the same neighborhoods as these 
treatment properties.  This control group was also subject to the same water rates, 
weather, and conservation messaging as the treatment groups.  Having this group also 
permitted SNWA to evaluate the combined effects of submetering and site visits on the 
treatment groups. 
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GENERAL DATA METHODS, STRATEGIES, AND STATISTICS 
 
Several different data analysis methods were applied in the course of the study.  Details 
of each can be found in the corresponding subsections below.  Broadly, analysis methods 
fell into the categories of pre- vs. post-treatment evaluations, comparative analyses of 
different treatment groups, analyses to determine variables associated with consumption, 
and assorted cost-benefit analyses.  Statistical methods employed include descriptive 
statistics (ex. means, medians, etc.), tests for differences in means assuming both 
normally distributed data (t-tests) and non-normally distributed (i.e., non-parametric) data 
(Mann-Whitney U-tests), as well as techniques employing established economic 
principles and multivariate regression (some details of regression models are included in 
Appendix 2).  In means comparisons, statistical significance was determined to occur 
when the probability of a Type I error was less than 5% (α=0.05).  Presentation of data 
involving calculations of differences in values (for example, means differences) may not 
appear to add up in all cases, due to rounding.  Types of data analyzed include mainmeter 
consumption data, submeter consumption data combined with area data (i.e., application 
per unit area data), flow-rate data, cost data, survey responses, and assorted demographic 
and Clark County Assessor’s Office data.  Consumption data was gathered by the 
aforementioned purveyor entities and assembled by SNWA.  Most other data was 
collected by SNWA (Aquacraft Inc. also performed some analyses on consumption and 
data logger collected data under contract to SNWA).  In many analyses, data was 
scatterplotted and objective or subjective outlier removal done as deemed appropriate.  
Finally, in some cases, data analysis was expanded upon to include attempts at modeling.  
These endeavors are elaborated on in other parts of the manuscript. 
 
PRE/POST ANALYSES 
 
For each property and year where complete monthly consumption records were available, 
these were summed to provide yearly consumption.  Data for each XS Group property 
was assembled from the five years before conversion (or as many records as were 
available; only properties having converted from turf to xeriscape were in this analysis 
sample) and as many years post-conversion as records permitted up through 2001.  These 
data sets permitted comparison of total yearly consumption before and after the landscape 
conversion.  The impact of submetering and site visits could also be evaluated by 
comparing mainmeter records for the TS Group pre- and post-installation of landscape 
submeters.  Differences could be further confirmed by comparing the change in total 
household consumption following the conversion or submetering event for the XS and 
TS groups respectively against the change in consumption for non-contacted, non-
retrofitted properties of similar landscape composition.  The general analysis strategy for 
Objective 2 of the approved Scope (Appendix 1) is summarized in the following tables 
(Tables 1 and 2): 
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TABLE 1:  Planned Pre-/Post-Retrofit Analyses for XS Group 

 
  

Pre-retrofit 
(kgal/yr) 

 

Post-retrofit 
(kgal/yr) 

 

Difference in 
Means (kgal/yr) 

 

 Xeriscape 
 Treatment 
  

   
 

 

 Comparison 
  

   

 

Difference in 
Means (kgal/yr) 

   

 
 

TABLE 2:  Planned Pre-/Post-Retrofit Analyses for TS Group 
 

  

Pre-retrofit 
(kgal/yr) 

 

Post-retrofit 
(kgal/yr) 

 

Difference in 
Means (kgal/yr) 

 

 Submetered 
 Conventionally 
 Landscaped 
 Treatment 
  

   
 

 

 Comparison 
  

   

 

Difference in 
Means (kgal/yr) 

   

 
 
ANALYSES OF SAVINGS OVER TIME AND SEASONS 
 
Objective 3 directs SNWA to measure the variability of water savings over time and 
across seasons.  In the approved Scope, this was anticipated to involve comparing the XS, 
TS, and Comparison Groups to derive savings estimates in the manner specified in the 
tables that follow (Tables 3 and 4): 
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TABLE 3:  Planned Post-Retrofit Analyses for XS Group Across Time 

 
  

First Year’s  
Consumption (Y1)

 

Third Year’s 
Consumption (Y3)

 

Difference in 
Means (kgal/yr) 

 

 Xeriscape 
 Treatment 
  

   
 

 

 Comparison 
  

   

 

Difference in 
Means (kgal/yr) 

   

 
 

TABLE 4:  Planned Post-Retrofit Analyses for TS Group Across Time 
 

  

First Year’s  
Consumption (Y1)

 

Third Year’s 
Consumption (Y3)

 

Difference in 
Means (kgal/yr) 

 

 Submetered 
 Conventionally 
 Landscaped 
 Treatment 
  

   
 

 

 Comparison 
  

   

 

Difference in 
Means (kgal/yr) 

   

 
 
Since in most cases, meters were read monthly or at least bimonthly, SNWA is able to 
provide an analysis exceeding the level of detail originally specified in the Scope.  
Specifically, the longevity of savings from conversions for each year following the 
conversion could be evaluated, thus the following new table specifies the more in-depth 
level for the “over time” analyses called for in Objective 3:
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TABLE 5:  Enhanced Post-Retrofit Analyses for XS Group Across Time 
 

 

Mean Post-retrofit 
Consumption 

 

First Year Post-
retrofit (Y1) 

 

Second Year Post-
retrofit (Y2) 

 

Third Year Post-
retrofit (Y3) 

 

Fourth Year Post-
retrofit (Y4) 

 

Fifth Year Post-
retrofit (Y5) 

 

Xeriscape 
Treatment 
(kgal/year) 

     

 

Comparison Group 
(kgal/year) 

 

     

 

Difference in Means 
(kgal/year) 

     

 
TABLE 6:  Enhanced Post-Retrofit Analyses for TS Group Across Time 

 
 

Mean Post-retrofit 
Consumption 

 

First Year Post-
retrofit (Y1) 

 

Second Year Post-
retrofit (Y2) 

 

Third Year Post-
retrofit (Y3) 

 

Fourth Year Post-
retrofit (Y4) 

 

Fifth Year Post-
retrofit (Y5) 

 

Submetered 
Conventionally 

Landscaped 
Treatment 
(kgal/year) 

     

 

Comparison Group 
(kgal/year) 

 

     

 

Difference in Means 
(kgal/year) 
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Recruitment of properties for the XCS spanned a couple of years.  For this reason, in order to 
evaluate true changes over time, the first year after each conversion was designated as Y1, the 
second as Y2, and so forth.  As such, consumption data for a property starting in, for example, 
1995, was designated as belonging to Y1, but for a different property starting in 1996, 1996 was 
Y1.  In this way, the impact of different start years was corrected for and multiyear analyses could 
be considered on a more common basis.  This permits inferences to be made about how landscape 
water consumption and savings change over time as plants in the xeric areas mature.  It is also the 
reason the sample size appears to diminish for the XS Groups from Y1 to Y5.  It is not that there 
was heavy loss of sample sites, rather that fewer sites were in existence for a total of five years 
owing to early enrollment.  A similar effect is seen in the TS Group.  There is no data for Y5 for 
the TS Group because enrollment for that Group started later than for the XS Group. 
 
Savings from xeriscape may be greatest in summer when evapotranspirational demand is greatest 
for all plants, but so to an extreme degree in southern Nevada for turfgrasses (Source:  University 
of Nevada Cooperative Extension).  In considering how savings may be different across seasons, 
the Scope (Appendix 1) directs the SNWA to certain prescribed analyses (Tables 7 and 8): 
 

TABLE 7:  Planned Summer Post-Retrofit Analyses for XS Group 
 

  

Pre-Retrofit 
Summer 
Consumption 
(kgal/month) 

 

Post-Retrofit 
Summer 
Consumption 
(kgal/month) 

 

Difference in 
Means 
(kgal/month) 

 

Xeriscape 
Treatment 

   

 

Comparison 
Group 
 

   

 

Difference in 
Means 
(kgal/month) 
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TABLE 8:  Planned Summer Post-Retrofit Analyses for TS Group 
 

  

Pre-Retrofit 
Summer 
Consumption 
(kgal/month) 

 

Post-Retrofit 
Summer 
Consumption 
(kgal/month) 

 

Difference in 
Means 
(kgal/month) 

 

Submetered 
Conventionally 
Landscaped 
Treatment 

   

 

Comparison 
Group 
 

   

 

Difference in 
Means 
(kgal/month) 

   

 
Because of the resolution available by submetering, even more detailed data pertaining to 
application of water to turf and xeriscape through seasons is available in the comparative per-unit 
area irrigation analyses (see following section and Comparison of Per-Unit Area Water 
Application between Turfgrass and Xeric Landscape in Results and Discussion). 
 
 
COMPARATIVE PER-UNIT AREA IRRIGATION ANALYSES 
 
Submeter consumption data combined with measurement of the irrigated area permitted 
calculation of irrigation application on a per-unit area basis (gallons per square foot, which can 
also be expressed as precipitation inches equivalents) for most study participants.  In this way, 
exacting measures of consumption for irrigation of xeric and turf landscape types could be 
measured.  The sample size (Ns) is the product of the number of months or years of data and the 
number of valid submeter records analyzed.  Sample sizes for specific analyses appear in Results 
and Discussion.  Only records for submeters that monitored turf exclusively were included in 
per-unit area analyses involving the TS Group so that other landscape types would not confound 
calculation of results. 
 
No prescribed analyses of submeter consumption data appear in the Scope.  The two basic sets of 
analyses selected by SNWA were (i.) a comparative analysis of annual application to xeric and 
turf areas and (ii.) a comparative analysis of monthly application to xeric and turf areas.  The 
analytical setup of these appears in Tables 9 and 10 respectively.  Secondary analyses comparing 
usage to theoretical reference ET demand projections follow the basic comparisons and appear in 
Results and Discussion. 
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TABLE 9:  Planned Comparative Analysis of Turf and Xeric Per Unit  
Area Annual Application 

 
 Per Unit Area 

Application 
(gallons/square 

foot/year) 
Submetered 

Turf 
(TS Group) 

 

 

Submetered 
Xeriscape 

(XS Group) 

 

Difference 
(gallons/square 

foot/year) 

 

 
TABLE 10:  Planned Comparative Analysis of Turf and Xeric Per Unit  

Area Application for Each Month 
 

 
 

Jan 
Gal/SqFt 

Feb 
Gal/SqFt 

Mar 
Gal/SqFt

Apr 
Gal/SqFt

May 
Gal/SqFt

Jun 
Gal/SqFt

Jul 
Gal/SqFt

Aug 
Gal/SqFt

Sep 
Gal/SqFt

Oct 
Gal/SqFt

Nov 
Gal/SqFt

Dec 
Gal/SqFt 

Submetered 
Turf 

(TS Group) 
 

            

Submetered 
Xeriscape 

(XS Group) 

            

Difference 
(gallons/square 

foot/month) 
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MULTIVARIATE ANALYSES TO IDENTIFY SIGNIFICANT SOURCES OF VARIABILITY 
 
Objective 4 of the Scope (Appendix 1) directs SNWA to assess variability of water use amongst 
the study participants and identify what factors contribute to that variability.  Potential sources of 
variability originally specified for investigation in the Scope included the following: 
 
• Number of members in the household 
• Age of occupants 
• Number of bathrooms 
• Income 
• Home value 
• Percentage of xeriscaping 
• Xeriscape density 
• Turf type 
• Type of irrigation 
• Lot size 
• Landscapeable area 
• Existence of a pool 
• Flow rates 
• Water use factors 
 
As the XCS developed, additional potential factors were assessed.  A complete listing of data 
recorded is included in Appendix 3 (not all data was collected for all properties in the study). 
 
Preliminary investigations focused on some of the above variables from a principally univariate 
analysis perspective (DeOreo9 et al. 2000, Sovocool10 et  al. 2000, Sovocool and Rosales11 2001, 
Sovocool12 2002).  The advantage of this was that it permitted rapid quantification and association 
of target variables’ influences on participant water use, especially at the per-unit area scale.  
However, the most sophisticated way to deal with a study of this type where there are a number of 
potential independent associations of several predictor variables to a dependent variable is by the 
application of multivariate regression analysis methods.  This permits so-called “partial 
regression” of independent variables to the target dependent one, here water consumption.  
Multiple regression for estimation can be expressed in the general multiple regression equation as 
follows: 
 
Ŷi = â + b1*X1i + b2*X2i + ... + bni*Xni + ∈ 
 
Where Ŷ is the estimated dependent variable, â is the y-axis intercept, b is each estimated beta 
partial regression coefficient representing the independent contribution of each independent 
variables’ influence on Ŷ, X is each independent variable up to the nth variable, i is the time 
period and ∈ is the error term for the model. 
 
Multicollinearity between X variables violates the underlying assumptions of regression models 
and can be dealt with by setting limiting tolerance thresholds of similarity in contribution of 
variability to a regression model.  This, in turn, permits identification and possible exclusion of 
such highly collinear and possibly inappropriate independent variables.  The most significant 
variables can then be quantified and their relative vector and magnitude of association on the 
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dependent variable can be deduced, ultimately yielding an explanatory multivariate model of how 
such variables may contribute to water consumption.  Such variables are explored for association 
to total household consumption and xeric landscape submeter consumption in the results section 
in two distinct modeling exercises.   
 
 
ECONOMIC ANALYSES 
 
Objective 5 of the Scope mandates quantification and measurement of capital costs and 
maintenance costs of the conversion.  In the summer of 2000, data on landscape maintenance 
economics was obtained via surveys sent to study participants.  The survey helped quantify both 
labor hours and direct costs associated with landscape choices.  For details on the survey and 
methodology, consult Hessling13 (2001).  Three hundred surveys were returned for analysis.  
Results of these were tabulated and compiled, and analyses proceeded from there. 
 
By the very nature of the study methodology, it was recognized at the outset that a simple 
comparison of the XS and TS groups would likely fail to demonstrate the economic 
considerations with respect to maintenance of the whole landscape level as most residents’ 
landscapes were composed of multiple landscape types (at the least, both xeric and turfgrass 
areas).  This led to an analytical method of comparing the costs of landscape maintenance based 
on the relative percentages residents had of turf and xeric areas respectively. 
 
The water bill savings associated with conversion projects were calculated based on the 
Las Vegas Valley Water District’s water rates as they currently stand (in early 2004).  Savings 
were calculated by modeling bills for a typical fifth decile (midrange in consumption) home 
where the average yearly consumption is 208,057 gallons and for such a home doing an average 
(according to data collected for the Water Smart Programs single-family sector in early 2004) 
1,615.8-sqft-conversion from turfgrass to xeric landscape (note the difference in this average size 
conversion relative to that of the XS Study Group; conversion sizes, along with lot sizes, have 
diminished over time in this area).  Bills were modeled on a monthly basis and all charges were 
applied that actually appear for customers.  An example output of this model appears in 
Appendix 4. 
 
As directed in the Scope (Appendix 1), the financial viability of xeriscape conversions was 
explored.  This necessitated looking at the economics of conversions from the homeowner and 
SNWA perspectives.  Hessling13 (2001) attempted some of these initially.  A follow-up analysis 
from these same perspectives was performed in the writing of this report and is included in 
Results and Discussion.  The homeowner perspective included an estimative Net-Present-Value 
(NPV)-based modeling approach to determine when return on investment (ROI) was achieved 
and details on this model appear in Appendix 5.  This same model is used to determine the 
incentive level necessary to induce change (Objective 6) by making some assumptions about what 
timeframe is acceptable for owners to achieve ROI.  The approach used for the SNWA 
perspective is to consider alternative sources of water and use the cost associated with these to 
determine the maximum amount SNWA should pay to help convert grass to xeric landscape. 
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Results and Discussion 
 
REDUCTION IN TOTAL HOUSEHOLD WATER CONSUMPTION FOLLOWING CONVERSION 
 TO XERISCAPE 
 
Results for the XS Group pre/post-conversion comparisons are shown in Table 11 and Figure 1. 
 

TABLE 11:  Pre-/Post-Retrofit Analyses for XS Group 
 
  

Pre-retrofit 
(kgal/yr) 

 

Post-retrofit 
(kgal/yr) 

 

Difference in 
Means (kgal/yr) 

t-tests 
(* denotes 

significance)
 

 Xeriscape 
 Treatment 
 n=321 

Mean=319 
Median=271 

Mean=223 
Median=174 

96* 
(30% reduction 

from pre-retrofit) 
 

t=16.8* 
p<0.01 

 

 Comparison 
 n=288 

Mean=395 
Median=315 

Mean=382 
Median=301 

13 
(3% reduction from 
pre-submetering) 

t=1.85 
p=0.07 

 

Difference in 
Means (kgal/yr) 

76* 159*   

t-tests (* denotes 
significance) 

t=4.32* 
p<0.01 

t=9.69* 
p<0.01 

  

 
 

FIGURE 1:  Pre-/Post-Retrofit Consumption for XS and Comparison Groups 
 

Mean monthly consumption for the residences dropped an average of 30% following conversion.  
A dependent t-test demonstrates that the reduction in usage is highly significant (t=16.8; p<0.01).  
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Though individual performance may vary greatly, the overwhelming majority of homes in the 
study saved water following the conversion (285 out of 321 analyzed).  This finding of about a 
third reduction in consumption is nearly identical to findings from a study of residences in Mesa, 
Arizona (Testa and Newton2 1993).  It may be that a reduction of about this percentage may be 
anticipated to occur when the average single-family residence built in the late 20th century does an 
average-size conversion in the southwestern United States.  The large savings are likely in part 
because the great majority of water consumption goes to outdoor irrigation in this region.  In this 
study, the average savings realized was 96,000 gallons per year per residence. 
 
The difference in consumption of the pre-retrofit homes to the non-contacted comparison homes 
is shown in Table 11 and Figure 1.  As demonstrated, a t-test of consumption between these two 
groups shows there was significant difference in initial consumption between the two groups 
(t=4.32; p<0.01), suggesting self-selection bias.  This is not surprising since recruitment of study 
participants was voluntary.  People who were already conserving more were apparently more 
likely to enroll and agree to convert a portion of their respective properties.  This does not 
however invalidate the results, as (i.) this incentive-based approach is essentially the same as the 
approach used for enrolling people in the actual program SNWA has (see Appendix 5) and, more 
importantly (ii.), there is no compelling evidence that the Comparison Group experienced 
significant reduction over the same time period so the savings are likely attributable exclusively 
to the landscape conversion. 
 
The analysis procedures in the Scope (Appendix 1) suggest that the impact of submetering on 
outdoor irrigation may be revealed by comparing consumption at the conventionally landscaped 
properties with submeters (the TS Group) to that for the associated comparisons for that Group.  
The data appearing in Table 12 fulfill this prescribed Scope treatment. 
 

TABLE 12:  Pre-/Post-Retrofit Analyses for TS Group 
 

  
Pre-submetering 

(kgal/year) 

 
Post-submetering

(kgal/year) 

 
Difference in 

Means (kgal/yr) 

t-tests 
(* denotes 
significance)

  
 Submetered 
 Conventionally 
 Landscaped 
 Treatment 
 n=205 

Mean=352 
Median=303 

Mean=319 
Median=268 

34* 
(10% reduction 

from pre-retrofit) 
 

t=5.08* 
p<0.01 

 
 Comparison 
 n=179 

Mean=364 
Median=314 

Mean=347 
Median=296 

17* 
(5% reduction over 

timeframe) 

t=2.08* 
p<0.05 

 

DIFFERENCE IN 
MEANS 
(KGAL/YR) 

12 28   

T-TESTS (* 
DENOTES 
SIGNIFICANCE) 

t=0.52 
p=0.60 

t=1.41 
p=0.16 
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There are two potential issues though with trying to consider this analysis an evaluation of the 
effectiveness of submetering.  First, submetering is typically studied where the scenario is one 
where water consumption through the submeter is relayed to end-use customers and where the 
customers are billed for it.  Without consumption data and billing, the residents in this study have 
received no price signal to encourage them to read the meter or reduce consumption.  This theory 
corresponds with what staff members have observed in the field with respect to the behavior of 
customers.  Most participants apparently did not even think about the meter until it was time for 
their yearly site review and often they stated they had forgotten it was even there.  So here, the 
dynamic of submetering is rather unique and the impact most likely minimal. 
 
The second consideration, at least as potentially significant, is the fact that participants had been 
exposed to annual site visits, which is likely a more important variable in terms of modifying 
behavior (no conservation training or formal education took place at site visits, though staff 
members did answer questions posed to them).  Indeed, the Comparison Group provides for a 
good gauge of the impacts on treatment groups due to site visits.  Initially, results seem to suggest 
a reduction of possibly up to 34,000 gallons annually associated with visits and submetering 
(t=5.08; p<0.01) though, as revealed in the next analyses, this impact appears to be only 
temporary (seen only in the first year, Table 15) and is probably in actuality much more negligible 
given half the “reduction” also appears to have taken place in the control group (t=2.08, p<0.05).  
The control group reduction may be due to background conservation at the community level. 
 
With respect to understanding how submetering with consumption billing may be of conservation 
benefit, a national research effort (Mayer et  al. 200414), supported in part by SNWA, has just 
been completed which provides much more insight into the benefits of submeters for water 
conservation purposes (also see Rosales15 et  al. 2002). 
 
 
ASSESSMENT OF SAVINGS POTENTIAL ACROSS TIME AND SEASONS 
 
For the XS Group, significant reduction in total yearly consumption took place immediately 
following conversion and remained relatively stable at that decreased level through subsequent 
years, showing no erosion with time (Table 13 and Figure 2).  In every year, the XS Group 
consistently had lower consumption than the Comparison Groups, and this was statistically 
significant (Table 13).  This suggests that conversions are a viable way to gain substantial water 
savings over at least a medium-term timeframe and quite possibly over a long one as well.  It also 
resolves questions about whether or not xericape takes more water in the first year following 
conversion (apparently the answer is no) and it suggests that, at least over the medium-term, there 
is no erosion of savings obtained from conversions due to residents’ response to growth of plants 
in their xeric areas. 
 
For the XS Group, the relative reduction in consumption became even more pronounced in the 
summer (Table 14) where, savings averaged 13,000 gallons per summer month (Table 14:  
t=18.5;p<0.01) versus an average of 8,000 per month over the entire year.  It should be noted that 
a very small, but statistically significant reduction of 1,600 gallons per month appears to have also 
taken place in the Comparison Group during the summer (in a pre- vs. post-comparison of the 
study timeframe, Table 14:  t=1.98; p<0.05).  Overall, the results are consistent with the theory 
that xeric landscapes save the most during the summer.  The comparative per-unit analyses that 
follow reveal why this is the case. 
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In considering savings stability over extended time, it was found that the submetered TS group 
only demonstrated significantly decreased consumption for the first year following retrofit, after 
which savings were not significant (Table 15; statistics in table).  This initial reduction might be 
due to residents’ interest in the research and in conservation when new to the study, this wearing 
off with time.  Again, it is important to recall that in no single year was the consumption 
statistically different from the comparison group properties.  The submetered TS Group did have 
significantly lower consumption in the summer, with a savings of 3,300 gallons per month 
(Table 16:  t=3.78;p<0.01) whereas the comparison group to the TS Group showed no such 
reduction (Table 16:  t=1.03;p=0.31).  However, there was no difference in average monthly 
summer consumption between the submetered properties and the controls after the retrofit 
(Table 16:  t=1.03;p=0.31).  Overall the results in Table 15 seem to reflect the finding that little 
enduring change in consumption was achieved by the TS Group over time despite submeter 
installation. 
 

FIGURE 2:  Pre-/Post-Retrofit Consumption for XS Group Across Time 
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TABLE 13:  Enhanced Post-Retrofit Analyses for XS Group Across Time 
 

 

Post-retrofit 
Consumption 

 

First Year Post-
retrofit (Y1) 

 

Second Year Post-
retrofit (Y2) 

 

Third Year Post-
retrofit (Y3) 

 

Fourth Year Post-
retrofit (Y4) 

 

Fifth Year Post-
retrofit (Y5) 

 

Xeriscape 
Treatment 
(kgal/year) 

214∆ 
(32% reduction from 

pre-retrofit) 
n=320 

220∆ 
(30% reduction from 

pre-retrofit) 
n=318 

227∆ 
(28% reduction from 

pre-retrofit) 
n=306 

211∆ 
(33% reduction from 

pre-retrofit) 
n=211 

202∆ 
(36% reduction from 

pre-retrofit) 
n=61 

 

Comparison Group 
(kgal/year) 

 

372  
n=280 

387 
n=275 

383 
n=260 

362 
n=183 

345 
n=54 

 

Difference in Means 
(kgal/year) 

158 167 156 151 143 

t-tests (* denotes 
significance) 

t=9.98* 
p<0.01 

t=9.29* 
p<0.01 

t=9.08* 
p<0.01 

t=8.02* 
p<0.01 

t=4.85* 
p<0.01 

Treatment group values with a ∆ are significantly lower than pre-retrofit value. 
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TABLE 14:  Summer Post-Retrofit Analyses for XS Group 
 

  

Pre-Retrofit 
Summer 

Consumption 
(kgal/month) 

 

Post-Retrofit 
Summer 

Consumption 
(kgal/month) 

 

Difference in 
Means 

(kgal/month) 

t-tests 
(* denotes 

significance)

 

Xeriscape 
Treatment 
n=321 

Mean=38 
Median=31 

Mean=25 
Median=19 

13* t=18.5* 
p<0.01 

 

Comparison 
Group 
n=288 

Mean=47 
Median=38 

Mean=46 
Median=35 

1.6* t=1.98* 
p<0.05 

 

Difference in 
Means 
(kgal/month) 

9* 21*   

t-tests (* denotes 
significance) 

t=4.23* 
p<0.01 

t=10.1* 
p<0.01 
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TABLE 15:  Enhanced Post-Retrofit Analyses for TS Group Across Time 

 
 

Post-submetering 
Consumption 

 

First Year Post-
submetering (Y1) 

 

Second Year Post-
submetering (Y2) 

 

Third Year Post-
submetering (Y3) 

 

Fourth Year Post-
submetering (Y4) 

 

Fifth Year Post-
submetering (Y5) 

 

Submetered 
Conventionally 

Landscaped 
Treatment 
(kgal/year) 

291∆ 
(6% decrease from 
pre-submetering) 

n=228 

312 
(1% increase from 
pre-submetering) 

n=229 

317 
(2% increase from 
pre-submetering) 

n=228 

315 
(2% increase from 
pre-submetering) 

n=146 

No Data Available 

 

Comparison Group 
(kgal/year) 

 

332  
n=170 

357  
n=173 

351  
n=167 

351  
n=108 

No Data Available 

 

Difference in Means 41 45 34 36  

t-tests (* denotes 
significance) 

t=2.28 
p=0.02 

t=2.39 
p=0.02 

t=1.65 
p=0.10 

t=1.40 
p=0.16 

 

Treatment group values with a ∆ are significantly lower than pre-submetering value. 
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TABLE 16:  Summer Post-Retrofit Analyses for TS Group 

 
  

Pre-Submetering 
Summer 

Consumption 
(kgal/month) 

 

Post-Submetering 
Summer 

Consumption 
(kgal/month) 

 

Difference in 
Means 

(kgal/month)

t-tests 
(* denotes 

significance)

 

Submetered 
Conventionally 
Landscaped 
Treatment 
n= 205 

Mean=41.7 
Median=34.0 

Mean=38.5 
Median=31.0 

3.3* t=3.78* 
p<0.01 

 

Comparison 
Group 
n=179 

Mean=42.0 
Median=36.0 

Mean=41.0 
Median=34.7 

1.0 t=1.02 
p=0.31 

 

Difference in 
Means 
(kgal/month) 

0.3 2.5   

t-tests (* denotes 
significance) 

t=0.97 
p=0.92 

t=1.03 
p=0.31 
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COMPARISON OF PER-UNIT AREA WATER APPLICATION BETWEEN TURFGRASS AND 
 XERIC LANDSCAPE 
 

Annual application 
 
Annual per unit area irrigation application data summaries are found in Table 17 and Figures 3 
and 4.  There was a great difference in the annual water application to turf and xeric landscape 
areas (Table 17 and Figure 3).  Turf received an average of 73.0 gallons per square foot annually 
(117.2 inches), while xeriscape received on average, just 17.2 gallons (27.6 inches) each year 
(only 23.6% of the amount of water applied for turfgrass maintenance).  The difference was thus 
55.8 gallons per square foot per year (89.6 inches), and this was found to be highly significant 
assuming a normal distribution of data (t=27.0; p<0.01). 
 

TABLE 17:  Annual Per-Unit Area Application to Turf and Xeriscape 
 
 Per Unit Area 

Application 
(gallons/square 

foot/year) 

Per Unit Area 
Application 
(inches/year) 

Sample Distribution Statistics 

Submetered 
Turf 

(TS Group) 
ns=107 

Mean=73.0 
Median=64.3 

Mean=117.2 
Median=103.2 

Standard Deviation=40.0 
Skewness=1.17 
Kurtosis=1.36 

 

Submetered 
Xeriscape 

(XS Group) 
ns=1550 

Mean=17.2 
Median=11.5 

Mean=27.6 
Median=18.5 

Standard Deviation=18.6 
Skewness=3.14 
Kurtosis=14.9 

Difference 
(gallons/square 

foot/year) 

Mean=55.8 Mean=89.6  

t-tests (* denotes 
significance) 

t=27.0* 
p<0.01 

  

Levene’s Test 
(* denotes 

significance) 

F(1, 1655)=130.3* 
p<0.01 

  

Mann-Whitney U 
Test (* denotes 

significance) 

U=10177 
z=15.2* 
p<0.01 

  

 
Detailed statistics were not generated for the small set of multifamily and commercial sites; 
however, the average consumption on those xeric areas where viable data could be collected was 
16.7 gallons per square foot per year (ns=22).  This suggests the use of xeric landscape in these 
sectors may result in similar savings as that observed above on a comparative landscape basis 
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(i.e., savings of ca. 55.8 gallons per square foot annually versus what application would have been 
for turf).  
 
 

FIGURE 3:  Annual Per Unit Area Application to Turf and Xeriscape 

 
Distinct differences in the sample distributions for the XS and TS irrigation data were of concern 
from a statistical analysis perspective.  Both distributions had features strongly suggesting data 
was not distributed homogenously across the two groups (Table 17 and Figure 4).  In particular, 
the XS Group data was heavily skewed with the vast majority of participants using very little 
water.  Turf application, while indeed skewed, appears almost normal compared to xeric 
application, which is very heavily skewed (skewness = 3.14) and peaks sharply (kurtosis=14.9) at 
the lower end of the distribution.  This is because the vast majority of XS participants used a very 
small amount of water to irrigate their xeric areas, while a handful used greatly more volume on 
theirs.  Because t-tests assume normality, the atypical and non-congruent distributions were of 
sufficient concern to justify running a Levene’s Test simultaneous with the t-tests to assess the 
potential need to apply non-parametric analytical techniques (though in practice the need for 
normality is lessened with large sample sizes due to the tendency of such a collection of data to 
mimic a normal distribution; aka. the central limit theorem).  Indeed, the Levene’s Tests 
demonstrated significant differences in the distributions [Levene F(1,1655) = 130.3; p<0.01].  
This suggested the need to backup the findings with non-parametric approaches.  Mann-Whitney 
U (a summation and ranking based approach to the problem) was chosen as a good backup test.  
Associated z statistics for this test with corresponding probabilities are thus reported with the 
results in Table 17 as supporting evidence for statistical difference in irrigation application 
between the groups. 



 32

 
FIGURE 4:  Distribution of Annual Per Unit Area Application Data for Turf and Xeriscape 
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Monthly Application 
 
Monthly submeter data summaries for the XS Group and exclusively monitored turf TS Group 
participants appear in Table 18.  It should be noted that at times the interval between reads 
stretched over more than one month and thus the dataset for the monthly data is slightly different 
than that for the above annual comparison as only consumption data deemed complete and 
assignable to a given month could be included (sometimes consumption across a two-month gap 
was averaged to fill the gap).  There were issues with resolution in monitoring because typically 
at least a thousand gallons had to pass through the meter between reads in order for the 
consumption figure to be advanced and registered by the reader, and sometimes this did not 
happen for XS Group submeters monitoring relatively small areas due to low consumption.  Both 
these factors likely result in slight inflation of monthly consumption values for both groups and 
this indeed appears to be manifest if monthly averages are summed across the year (i.e., this per 
unit area consumption figure is slightly higher than the annual one calculated in the previous 
section).  Still, on a monthly basis the data is generally valid and valuable in comparative analyses 
and in comparing water application to irrigation requirements.  Per-unit area application data is 
displayed graphically in Figure 5.
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TABLE 18:  Monthly Per-Unit Area Application to Turf and Xeriscape 

 
 
 

Jan 
Gal/SqFt 

Feb 
Gal/SqFt 

Mar 
Gal/SqFt

Apr 
Gal/SqFt

May 
Gal/SqFt

Jun 
Gal/SqFt

Jul 
Gal/SqFt

Aug 
Gal/SqFt

Sep 
Gal/SqFt

Oct 
Gal/SqFt

Nov 
Gal/SqFt

Dec 
Gal/SqFt 

Submetered 
Turf 

(TS Group) 
 

2.97 
 

2.11 
 

ns=85 

2.96 
 

2.06 
 

ns=85 

3.44 
 

3.29 
 

ns=85 

6.07 
 

4.85 
 

ns=88 

9.37 
 

7.86 
 

ns=93 

10.79 
 

9.38 
 

ns=93 

11.86 
 

10.50 
 

ns=95 

10.23 
 

8.71 
 

ns=96 

8.47 
 

7.15 
 

ns=99 

6.20 
 

5.29 
 

ns=105 

4.37 
 

3.50 
 

ns=107 

2.47 
 

1.96 
 

ns=106 
Submetered 
Xeriscape 

(XS Group) 

1.16 
 

0.46 
 
ns=1291 

0.87 
 

0.43 
 

ns=1337 

0.99 
 

0.57 
 

ns=1377

1.43 
 

0.83 
 

ns=1409

1.64 
 

1.08 
 

ns=1412

2.01 
 

1.30 
 

ns=1421

2.24 
 

1.40 
 

ns=1431

2.27 
 

1.39 
 

ns=1456

2.22 
 

1.27 
 

ns=1496

1.66 
 

1.02 
 

ns=1519

1.35 
 

0.77 
 

ns=1534

0.91 
 

0.48 
 

ns=1534 
Difference 

(Gallons/Sqft) 
1.81 2.09 2.45 4.64 7.74 8.78 9.62 7.96 6.25 4.54 3.02 1.56 

t-tests (* denotes 
significance) 

t=73.36* 
p<0.01 

t=7.52* 
p<0.01 

t=13.33*
p<0.01 

t=9.92* 
p<0.01 

t=29.87*
p<0.01 

t=27.7* 
p<0.01 

t=26.22*
p<0.01 

t=21.96*
p<0.01 

t=13.15*
p<0.01 

t=17.59*
p<0.01 

t=13.45*
p<0.01 

t=9.39* 
p<0.01 

Mann-Whitney U 
Tests (* denotes 

significance) 

U=23499 
z=8.84* 
p<0.01 

U=18127 
z=10.54* 
p<0.01 

U=15959
z=11.27*
p<0.01 

U=14225
z=12.14*
p<0.01 

U=6824
z=14.49*
p<0.01 

U=4415
z=15.10*
p<0.01 

U=6062
z=14.89*
p<0.01 

U=9776
z=14.13*
p<0.01 

U=12307
z=13.91*
p<0.01 

U=14501
z=14.04*
p<0.01 

U=25290
z=11.98*
p<0.01 

U=31202 
z=10.62* 
p<0.01 

Note:  bold gal/sqft values are means; regular font gal/sqft values are medians 
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The first, most obvious finding from the graph is that, turf application exceeds xeric application 
by a large statistically significant margin in every month.  Ultimately, this is what constitutes the 
large annual savings seen at the annual landscape application and total home consumption levels. 
 

FIGURE 5:  Monthly Per-Unit Area Application for Turf and Xeric Areas 

 
The data also suggests, among other things, that the reason for the aforementioned enhancement 
of savings during the summer is because turf application peaks drastically in the summer whereas 
application to xeriscape does not.  A graph of the difference between the groups (Figure 6) 
demonstrates this is the case, and the observed pattern in savings obtained each month parallels 
the pattern observed for turfgrass application (Figure 5).  It appears that the reason xeriscape 
saves so much water in this climate is related as much to the high demand of turfgrasses vs. 
plantings of most other taxa as it is to any inherent aspect of xeric landscape per se.  Furthermore, 
inefficiencies in spray irrigation system design, installation, and operation further contribute to 
the savings of having xeric landscape in place of turf because these inefficiencies even further 
drive up application to the turfgrass to the point that it is much higher than the rate of 
evapotranspiration over the same timeframe (Figure 7). 
 
Additional inferences can be made about the application of water to turfgrass areas by the 
participants.  Specifically, on average, whereas they irrigated relatively efficiently in the spring, 
with the onset of summer temperatures in May, residents quickly increased their application, 
ultimately going way above ETo. Moreover, they tended to stay well above ETo through 
November.  While it is expected that due to system inefficiencies, a high Kc for Fescue 
(Source:  Cooperative Extension Office), leaching fraction considerations, and other factors, 
application usually would tend to exceed ETo for turfgrass locally, the pattern suggests that 
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overall people irrigate relatively efficiently in spring as the weather warms and ETo rises, 
probably due to the immediate feedback they receive as the grass yellows in response to moisture 
deficits.  As they observe their landscape beginning to show visible signs of stress due to deficit 
irrigation, they increase their application accordingly.  However, in May, they appear to start 
overreacting to the increasing stress and increase irrigation to well over the requirement.  In fall, 
they do not however appear to respond in a correspondent way “coming down the curve,” 
probably because they do not have the same sort of visual feedback mechanism as they do in 
spring (i.e., they do not view the grass being “too green,” wet, nor the occurrence of runoff as 
something amiss).  The result is a long lag in returning to application rates more closely 
approximating ETo in the fall and early winter (Figure 7). 
 

FIGURE 6:  Monthly Per-Unit Area Savings (Turf Area Application– Xeric Area 
Application) 

 
It is more difficult to make similar types of inferences with respect to xeric area application.  
While there is research under way on a variety of desert taxa to attempt to quantify irrigation 
demand and there have been generalized attempts to model or approximate xeriscape need based 
on observations and fractions of reference ETo, at this time it would be risky to make highly 
specific inferences.  The relative flatness of the xeric curve in Figure 5 does though seem to 
suggest that residents may irrigate xeric areas inefficiently as they seem to show little response to 
demands of different seasons. 
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FIGURE 7:  Monthly Per-Unit Area Application to Turf and Reference 
Evapotranspirational Demand 

 

FIGURE 8:  Monthly Per-Unit Area Application to Xeric Areas  
and 1/3 of Reference Evapotranspirational Demand 

 



 37

 
If one does assume a sometimes-used local “rule-of-thumb” which states that xeriscape requires 
about a third of what turf needs, one can compare per-unit area application for xeriscape and this 
modified reference value (Figure 8).  Using a one-third ETo value is not out-of-line with 
modification approaches employed by the Irrigation Association16 (2001) or WUCOLS17 (2000) 
for estimating needs of low-water-use woody taxa in high-temperature southwestern regions.  It is 
quite noteworthy that the summation of monthly xeric-area application values yields a yearly 
xeric-area application usage of 30.1 inches per year - nearly identical to the summation of 
monthly .33(ETo)  values, which is 30.5 inches.  This would appear, initially at least, to suggest 
that this rule of thumb may work quite well on average for approximating xeric landscape usage 
over broad spatial and long temporal scales, even if it may not precisely work in a given month. 
 
Normalizing these aforementioned potential reference values and the absolute departure from 
these in observed water application may reveal insights about when during the year the greatest 
absolute potential savings can be obtained.  In Figure 9, this is done such that the absolute 
difference between mean application and respective references is quantified and displayed.  Here, 
“0” (reference) is ETo for turf and .33(ETo) for xeric landscape respectively. 
 

FIGURE 9:  Absolute Departure in Irrigation Application from Derived Respective 
Reference ET0 Values (Turf and Xeric Areas) 

Even with the xeric reference but a third of ET0, it appears that, in addition to the differences due 
to plant usage, much more water is wasted in application to turfgrass than to xeric landscape.  The 
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greatest waste for turfgrass occurs in the period of May through November.  Thus, any 
improvements in turfgrass irrigation efficiency during this timeframe will have the greatest 
absolute impact in terms of water conservation.  Interestingly, the greatest absolute potential for 
savings for xeric areas is not during this period, but rather from September thru January.  Indeed 
to look upon the graph, one might initially conclude that residents under-irrigate xeric areas in 
spring and summer.  Caution should be observed though in this type of reasoning as the .33(ET0) 
reference is only theoretical and developed here as a guideline.  That stated, the findings may 
suggest that, on average, little potential exists during the spring and summer for significant water 
savings by irrigation improvements to xeriscape.  Finally, on an absolute basis, little total 
potential appears to exist for squeezing additional conservation out of xeric landscapes as, 
considered over the span of an entire year, xeric area irrigation appears to be efficient. 
 
In contrast, opportunities to save great volumes of water appear to exist for turf areas throughout 
most of the year.  Significant overwatering appears to occur May through November; efficiency 
improvements will yield the most absolute benefit during this period of the year.  But how does 
the issue appear when one considers the problem through the perspective of when can the most 
readily obtainable savings be achieved? 
 
Considering absolute irrigation departure from reference as above gives insights into the total 
potential to save water through a variety of irrigation improvements.  However, there is also the 
question of how much water could be saved principally by relatively simple improvements in 
controller management.  Figure 10 is such an attempt to view the problem through this 
framework,where the blue line is ETo for turf and .33(ETo) for xeric areas respectively, and is 
equivalent to 100% of each respective types reference value or “perfect efficiency.”  Absolute 
values for inches application were normalized by converting them to percent departure from 
normalized respective reference values.  In this way the relative departure from these 
aforementioned references is displayed as a percent value. 
 

FIGURE 10:  Relative Departure in Irrigation Application from Derived Respective 
Reference ET0 Values (Turf and Xeric Areas) 
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Figure 10 may suggest that there are specific times of the year when people irrigate both turf and 
xeric landscapes more or less efficiency than the ideal.  As interpreted from Figure 10, the most 
inefficient irrigation, in a relative sense, may actually occur during non-peak months if efficiency 
is defined to be the difference between theoretical requirement and application.  Expanding on 
this type of analysis and breaking the above relative departure values into efficiency classes 
yielded a summary of when people appear to irrigate most and least efficiently (Figure 11). 
 
 

FIGURE 11:  Relative Departure in Irrigation Application from Derived Respective 
Reference ET0 Values (Turf and Xeric Areas) 

 

 
It is well understood that, in practice, there is no such thing as a perfectly efficient irrigation 
system and, for this reason, the green designation in Figure 11 includes relative applications 
ranging from subreference values to those up to 20% above reference (this allows that there is 
typically a need in practice to compensate for lacking distribution uniformity in irrigation 
systems). 
 
Interpretation of Figure 11 suggests that both xeric and turf areas are irrigated relatively 
efficiently in the spring.  Irrigation efficiency for turfgrass areas starts to decline in May to the 
point where significant waste starts to occur and this continues until about September.  In contrast 
xeric irrigation continues to be quite efficient during this time.  Around September, turf is starting 
to be very inefficiently watered, in a relative sense, owing to residents’ failure to respond to the 
lower rate of evapotranspiration and decrease irrigation accordingly.  A similar, if less severe, 
pattern is observed for xeric area irrigation, where at this time, these areas are also beginning to 
be irrigated inefficiently, probably for the same reason.  By November, both xeric and turfgrass 
areas are, on average, being severely over-irrigated and this pattern continues through the cool 
season until February.  Finally, efficiency starts to recover and both areas are actually being 
irrigated under suggested reference values by the end of March. 
 
It needs to be acknowledged that some of this conclusion includes theoretical and speculative 
reasoning, especially considering the lack of data on xeric landscape water requirements and the 
fact that in actuality stress impacts, including those from water stress, lag in woody vegetation 
(Kozlowski et  al. 199018) so efficiency as considered here is much harder to gauge.  
Nevertheless, again, failure of residents to more effectively tie controller management (irrigation 
frequency and duration) to the changing environmental conditions appears to be one of the most 
pressing reasons for efficiency losses in both study groups, it is just to a lesser extent (and much 
lesser absolute impact in gallons) for those with more xeriscape. 

Irrigation application 0-20% over reference
Irrigation application 20-50% over reference
Irrigation application >50% over reference

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Landscape Type
Turf Area
Xeric Area
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This set of analyses provides SNWA with quantitative data on what parts of the year it should 
focus its strongest controller-management-oriented conservation messaging.  This could be 
considered the “low hanging fruit” in terms of water conservation; it is where messaging to effect 
changes that may not require significant work and monetary investments on the part of residents 
may produce significant water conservation results.  To recap, the findings in this section suggest 
the most value can be obtained by targeting controller-management messaging to the late summer 
and early fall as people begin to depart from “reasonable” efficiency values owing to their 
collective failure to adjust irrigation down for the cooler, low ET season.  Reemphasis of this 
messaging should continue all winter long. 
 
The exploration of application per-unit area vs. reference values is important for making 
inferences about management efficiency of water application.  This; however, should not obscure 
the result that on average, per-unit area, xeric landscapes in this study received much less water in 
totality (Figures 3 and 4) and the pattern of received irrigation showed much less tendency 
towards “peaking” (Figure 5) than those areas planted with turf. 
 
 
SOURCES OF SIGNIFICANT VARIABILITY IN SINGLE-FAMILY RESIDENTIAL 
 CONSUMPTION 
 
As explained in Methodology, multivariate regression analyses were employed to identify and 
quantify sources of variability of mainmeter and xeric submeter data.  Specifically, variables in 
the combined study groups are explored for association to total household consumption and, for 
the XS Group, to xeric landscape submeter consumption.  Regression modeling proceeded with 
the goal being to yield an optimum combination of the highest reasonable R-squared value with 
due consideration given to maximizing the degree to which the model was “complete” (to the 
extent possible given the available collected data).  Details of the final selected multivariate 
regression models appear in Appendix 2.  Explanation and discussion of each variable included 
follow for each of the respective models. 
 
Presented models are only designed to broadly assess variables’ impacts.  The models presented 
here are “estimation” models as defined (see Methodology).  These models are not intended for 
use as “engineering” or “computational” type model applications whereby collecting certain data 
one could be reasonably certain that the answer yielded would closely approximate the real 
consumption at a given property. 
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Variability in Annual Residential Consumption 
 
Discussions of the selected independent variables included in the annual consumption model for 
the dependent variable annual residential consumption (labeled MAINMETE) follow.  Overall, 
the annual consumption model appears to be a very good “fit” (adjusted R2= 0.80) for this type of 
work (Nelson3 1994, Gregg4 et  al. 1994, Gregg19 et  al. 1999).  This is likely due as much to the 
strong tie between outdoor usage (and the ability of independent variables associated with outdoor 
use to be practically measured) as to any design elements or analytical methods associated with 
the study.  While relatively strong for the sample size, it must be stressed that this model’s utility 
is mostly in terms of helping to uncover and, to some extent, explain variables discreet 
associations with consumption at single-family residences.  Quantifications of these associations 
in the multivariate context are limited to only those variables deemed significant. 
 
TOTALTUR   
 
Definition of Variable: 
The total amount of turf at a residence in square feet as determined by research personnel.  This 
includes all turf regardless of whether it is part of a submetered area and regardless of what type 
of grass it is. 
 
Results and Discussion: 
This was the most significant variable by far (t=14.86), and was found to be strongly positively 
associated with single-family residential consumption.  It is a principal component of the model, 
contributing the bulk of its strength (β=0.622).  The results suggest that consumption increases 
roughly 59.1 gallons annually for each square foot of turf at the average home.  It then increases 
further if the grass is Fescue (the impact of Fescue vs. other grasses is further explored below).  
Since the alternative grass is almost always Bermuda, the result suggests the average application 
rate for this warm-season grass by the study participants is about 59 gallons per square foot (see 
variable FESCUE for more discussion on this). 
 
It should be noted that earlier multivariate work attempted to deduce the influence of landscape 
type by scrutinizing how much xeric landscape was found at a residence (DeOreo8 et  al 2000).  
While this is an acceptable approach, the amount of turfgrass present appears to be much more 
closely correlated with total annual consumption and, when included, typically displaces xeric 
area as a significant variable in the final models developed.  Furthermore, since the amount of 
xeriscape was not significant in multivariate context (nor were other individual landscape types) it 
should be understood that the savings developed by SNWA’s Water Smart Landscapes program 
are mostly due to it, in essence, being a turf-removal program more than an alternative-landscape-
promotion program.  The results also suggest further significant lowering of household 
consumption probably would not be yielded by permitting the owner to get a rebate for turf 
removal at the expense of a quality landscape (for example, incentivizing the aforementioned 
“zeroscapes” at a higher SNWA incentive rate since they have no vegetation and theoretically 
require no water – this has been suggested by some).  Since the xeric area contribution to annual 
consumption is so small, the substantial loss in quality of life yielded for the small gains in 
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conservation realized by effectively hardscaping landscape areas makes the argument for 
choosing hardscape in place of xeriscape for water conservation a position difficult to defend. 
 
TOTVAL 
 
Definition of Variable: 
The dollar value of the single-family residential study property as specified in the Clark County 
Assessor’s Office database.  This should not be considered to equate to a home’s market value. 
 
Results and Significance: 
The assessed monetary value of the property, like the amount of turf at a residence, was a very 
highly significant variable in the model (t=5.45).  It is reasonable to assume that higher value 
properties are associated with higher consumption because (i.) they are likely to contain larger 
homes with typically larger, possibly more extravagant water-intensive landscapes and (ii.) they 
are, by nature, likely to be inhabited by people of greater wealth who are less sensitive to the price 
of water and thus more likely to use a greater volume of it.  In a multivariate context, annual 
water consumption on average increases ca. 2.1 gallons alongside each dollar increase in 
Assessor’s Office property value. 
 
That increased wealth is associated with greater individual consumption is a well-understood 
tenant of economics and is a well-established concept in understanding persons’ household utility 
consumption patterns.  The impact of wealth in a similar context was explored by Gregg19 et  al. 
(1999) where the impact of neighborhood wealth was a significant factor in determining water 
usage. 
 
NLTHOMEA 
 
Definition of Variable: 
The age of the residence is calculated as the difference between the analysis year (2004) and the 
year of construction as recorded in the Clark County Assessor’s Office database.  This should not 
automatically be taken to be the age of the landscape or even, necessarily, the exact age of the 
specific study residence due to the way many developments are built as components of phases in 
this community. 
 
Results and Significance: 
This was a quite significant variable (t=2.67) and one easily worthy of inclusion in the model.  On 
average, consumption increased ca. 1600 gallons for each additional year older the property was. 
 
There are several potential reasons for this.  First, older properties in the Las Vegas area tend, on 
average, to be larger and the ratio of hardscape footprint to landscapeable area is lower.  Next, 
older properties are more likely to incorporate landscape elements heavy on traditional themes 
(i.e., large areas of turfgrasses) in contrast to newer residences with landscapes built in a time 
where water conservation began to be a significant consideration (in the 1990s restrictions on the 
amount of turfgrass that could be installed at single-family residences were passed).  Older 
properties are more likely to have irrigation systems that incorporate lower-efficiency devices and 
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fixtures (ex. brass spray heads).  Finally, as irrigation systems age they inevitably become less 
efficient and more likely to leak. 
 
Aspects of indoor use also likely contribute to the pattern.  The installation of high-efficiency, 
low-flow fixtures and appliances after being legally mandated is anticipated to have contributed to 
newer properties having, on average, lower consumption.  Also, as fixtures wear they may leak 
for some time without notice (toilet flappers for example) so, without timely maintenance, older 
properties are more likely to have continuous indoor leaks further contributing to higher 
consumption.  The increased efficiency gains in homes with newer fixtures have been well 
documented (see Mayer and DeOreo8 et al. 1999) and the overall finding that older homes tend to 
have higher water consumption is not surprising. 
 
APROXINC  
 
Definition of Variable: 
Approximate total household income as revealed by 2001 survey data.  To make the income 
survey question less intimidating, and more likely to generate valid, significant numbers of 
responses, the potential answers were categorical with ranges and it was explicitly stated that this 
question was optional.  Analysis proceeded based on the mean values of response ranges.  While 
a great number of participants did respond, many of course did not and income is, unsurprisingly, 
the most limiting of independent variables in the multiple regression. 
 
Results and Significance: 
It is to be expected that, everything else being equal, increasing household income would on 
average be associable with higher per-household consumption of all commodities.  This is the 
case for water as well in this multivariate model, which suggests that, on average, annual 
consumption may increase on average ca. 3000 gallons for every $10,000 rise in income level 
(t=2.16).  Some may be surprised this should be given the fact that indoor water use is relatively 
constant per capita across a range of conditions and thus the sensitivity of the relationship 
between water consumption and price is usually considered to be rather muted.  But, while water 
is indeed inelastic by common economic standards, in the Southwest, where a high proportion is 
used outdoors, it may be considered to be more discretionary in nature, especially when that 
outdoor use is for irrigation of landscapes (instead of crops), which are after all just ornamental.  
Certainly this study suggests that income is an important consideration in water consumption, as 
have others.  Furthermore, higher incomes could be considered to be well correlated with large 
houses, large landscapeable areas, and more lush landscapes, all of which further drive up 
consumption in their own right. 
 
There was considerable discussion between the principal author and some reviewers as to whether 
or not the income data should be included in the model.  The arguments for inclusion were that it 
was found to be a significant variable in most comparisons, it is a different indicator than home 
value in that the former is more indicative of wealth and the latter is more indicative of actual 
disposable income (which could be spent on water use beyond necessity), and that removing it 
significantly weakens the model.  The arguments for removing it include the supposition that 
often people give erroneous or fictional answers to questions about income, that income is 
potentially highly covariate with home value, that home value is really a better proxy variable for 
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income (and indeed in many studies using multiple regression it has been used for this purpose), 
and that its deletion does not weaken models such as this.  Finally significant improvement in 
model sample size would be obtained by removing income as many people opted not to report it 
and thus it is very limiting to the model’s available degrees of freedom.  
 
The author considered the arguments for and against inclusion of income data carefully and 
proceeded to investigate the relationship between income and home value.  The results of a 
correlation analysis between these two variables showed relatively little correlation (R2= 0.288) as 
did a scatterplot of the data.  Nonetheless, the concern was valid enough (and the possibility of 
significantly more degrees of freedom of sufficient interest) to justify creation of an incarnation of 
the model without income as an independent model variable.  This exercise however resulted in 
an increase in the standard error of the estimate (i.e., an increased error of over 7,000 gallons per 
year) and a drop in the overall model fit (adjusted R2= 0.740).  However, most tellingly, the 
B values were off significantly from what one would expect (ex. Variable POOL B= 27.8; yearly 
evaporation in gallons per year is far in excess of this).  Based on these findings it was decided 
that the APPROXINC variable should remain in the model. 
 
FESCUE 
 
Definition of Variable: 
Whether or not the turfgrass present at a residence is Fescue or an alternative turfgrass.  This is 
a binary (i.e., “dummy” in the vernacular) variable indicating presence (1) or absence (0) of a 
variable’s specified condition. 
 
Results and Significance: 
Fescue grasses (which are widely popular cool-season grasses found in local landscapes) have 
been observed to require large volumes of water in the Las Vegas area (ca. 91 inches), over 62% 
more annually than the other somewhat less popular warm-season Bermuda grass (requiring ca. 
56 inches; calculations for both grasses are based on data from the local Cooperative Extension 
Office).  Locally, Fescue is much less drought tolerant than Bermuda and has a correspondingly 
higher Kc value (the July Kc value for Fescue is calculated to be a very high 1.10 whilst only 
being ca. 0.71 for non-overseeded Bermuda; Source:  University of Nevada Cooperative 
Extension Office). 
 
Furthermore, being a cool-season grass, Fescue is capable of active photosynthesis all year long 
with sufficient irrigation and management, which is no doubt the reason for its desirability; it can 
yield an attractive green year round.  Bermuda on the other hand usually goes into dormancy in 
the winter and it is likely many people curtail irrigation at dormancy so its total yearly application 
is even further reduced relative to Fescue.  While there are of course different requirements for 
different types and morphologic forms of grasses (ex. tall vs. short fescue), the general finding 
that the cool-season grasses require more water than the warm season ones is well understood and 
this apparently translates into residences with Fescue having, on average, higher annual 
consumption at the household level (t=2.09) (note:  most residences had at least some turfgrass 
integral to their landscapes).  Based on the multivariate analysis, a residence with Fescue may on 
average use more than 25,000 gallons more annually than one with a lower-water-use grass. 
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There is another possible inference that may be made.  The submeter data is heavily dominated by 
Fescue landscapes and thus the highlighted gallons-per-square-foot application rates are probably 
at or near the actual for Fescue.  It should be noted though that from the model, one might infer 
that in situations where there is not Fescue at the site, the B value of 59.1 may be the typical 
application rate, in gallons per square foot per year, for Bermuda installed at a residence.  Though 
this derived value of 59.1 gallons per square foot per year (94.9 inches precipitation equivalents) 
is somewhat suppositional, and no doubt not exact given the standard error of the model, it 
appears to be a very reasonable average application rate that could be expected locally for 
Bermuda grass. 
 
PARCEL SIZE 
 
Definition of Variable: 
The size, in square feet, of the parcels of study residences as specified in the Clark County 
Assessor’s Office database. 
 
Results and Significance: 
In the final version of the model, parcel size was technically not significant (t=1.79); however, it 
was positively correlated with higher residential consumption in most multiple regressions 
developed so it is included here.  It is reasonable to assume that, on average, residences associated 
with larger parcels are more likely to have higher consumption because they would be expected to 
have (i.) more, possibly lusher, landscape (they are also more likely to have a pool) and 
(ii.) typically larger homes situated on them.  Both of these would be anticipated to raise 
consumption due to larger residential landscapes having higher total outdoor irrigation 
requirements and larger houses being more likely to be inhabited by more or, perhaps, simply 
more heavily consuming, residents. 
 
POOL 
 
Definition of Variable: 
The total water surface area of pools and spas in square feet at residences as measured by 
research personnel.  For residences without pools this variable equates to zero. 
 
Results and Significance: 
As with parcel size, pool surface area was not significant in the final most complete version of the 
model (t=1.70), but often cropped up as significant in alternative models as being positively 
correlated with higher consumption.  It is reasonable to include this variable as it is to be expected 
that the more evaporative water surface area outside at a residence owing to a pool and/or spa, the 
higher the evaporative water loss at the residence and the greater the need, in gallons, to replenish 
it. 
 
TOTALOCC 
 
Definition of Variable: 
The total number of occupants at each study property in the analysis year (2001) as determined 
by survey. 
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Results and Significance: 
Though not a statistically significant independent variable in the final model (t=1.62), and only 
occasionally significant in alternatives, the number of people living at the residences was 
ultimately included, as it lends explanatory strength to the model (β=0.524) and it is logical to 
assume that consumption does increase with more people living at a location.  That it is not 
statistically significant is actually a testament to the dominance of outdoor end uses in 
determining total yearly consumption at single-family properties in this region. 
 
TOTALLAN   
 
Definition of Variable: 
The total landscapeable area at a property.  This includes areas with landscape as well as areas 
potentially landscapeable. 
 
Results and Significance: 
This variable is difficult to interpret and was not significant in this particular model (t=-1.41).  
The only reason for its inclusion is the sheer number of times it cropped up as significant in 
different alternative models.  Here, however its sign is inverse of what would be anticipated (that 
greater landscapeable area would lead to higher consumption).  It may be that it captures the 
inverse of the building and hardscape footprints, but this is only theory.   
check from here on… 

Variability in Annual Consumption for Irrigation of Monitored Xeric Landscape 
 
A model of yearly consumption for the monitored xeric component of landscapes for XS Group 
homes was also developed to attempt to evaluate the impacts of variables listed in the Scope 
(Appendix 1).  The developed model has a much lesser fit than the total consumption model 
(adjusted R2= 0.40), in part, one speculates, because other important but non-quantified or hidden 
variables are not included (one possible example – detailed data on controller management which 
may be more associated with management of turf rather than xeric areas).  For this reason, no 
attempt is made to quantify impacts in a multivariate context as above, but rather the goal is to 
identify variables likely associated with xeric area consumption (for some attempts at 
quantification using univariate approaches consult Sovocool and Rosales11 2001). 
 
Despite the limitations due to the weaker model, many variables did appear significant in most if 
not all modeling attempts, and these are discussed below in a format similar to the above 
discussion on annual consumption.  The same strength of association denotation as used for the 
annual consumption model is applied to the xeric areas variable discussion as well.  See 
introduction to Sources of Significant Variability in Single-Family Residential Consumption for 
more information. 
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TOTALCAN   
 
Definition of Variable:   
The total canopy coverage in the monitored xeric area of the XS Group properties, in square feet.  
This is calculated by first taking the observed plant diameters from the 2001 site review, dividing 
this number by two to get radius, then applying the formula for getting the area of a circle 
(A=πr2).  This area result is then multiplied by the quantity of those plants observed to be at that 
size.  The summation of all areas of all plants of all size classes in the study area is the total 
canopy coverage. 
 
Results and Significance: 
It is reasonable to expect that total plant canopy coverage within the monitored xeric area would 
positively correlate to the total amount of water applied to that area as plant leaf surface area 
(evapotranspirational area) is the principal locale of water loss from vegetation.  To replace this 
loss, areas with higher plant coverage should theoretically require more water and it should be 
expected that residents would respond by irrigating these more (via both longer run times and 
having irrigation systems of greater application capacitance).  Examination for a link between 
total canopy coverage and total yearly consumption for xeric areas in a multivariate context 
confirms a significant association (t=4.31; the relationship between coverage and per unit area 
consumption was also noted and explored in Sovocool and Rosales11 2001).  One 
acknowledgement; this is a relatively simplistic finding, which does not fully explain the  
relationship between consumption and the taxa present and species’ specific water use 
characteristics (this was beyond the practical scope of this investigation).  Data on specific xeric 
species’ water requirements is needed for this and this area remains worthy of more in-depth 
research. 
 
AVGFLOWR   
 
Definition of Variable:   
The arithmetic average flow rate, in gallons per minute, of all irrigation stations servicing 
monitored xeric landscape for each of the XS Group properties. 
 
Results and Significance: 
It has long been suspected that within the range of lower flow types of irrigation systems used to 
irrigate xeric areas, those capable of delivering water relatively faster via high-flow emitters may 
contribute to higher water consumption, especially when used by someone less knowledgeable 
about how to irrigate with different types of emitters.  For this reason, SNWA’s current Water 
Smart Landscapes program limits individual emitters to a maximum output of 20 gph as part of 
the program requirements (Appendix 5).  Based on this research, this concern appears well-placed 
as the model shows stations with higher average flow rates are indeed associated with higher 
consumption in this study (t=4.14).  Typically, such station configurations may have one or more 
of the following conditions:  sprays used for xeric-area irrigation, incorporation of high-flow 
emitters (such as turf bubblers), use of microsprays, stations composed of mixed types of 
irrigation emitters, and individual stations irrigating large and/or lush expansions of xeriscape (an 
exploration of how emitter class relates to average flow rates also appears in Sovocool and 
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Rosales11 2001; this manuscript suggested a strong association between irrigation system design 
and xeric area consumption as well). 
 
STUDYA   
 
Definition of Variable:   
The xeric study land area (in square feet ) monitored via submeter for XS Group properties. 
 
Results and Significance: 
It is logical to assume that, on average, the more area monitored by the submeter, the greater the 
consumption through that meter, and the significant association between monitored xeric-study 
area and total yearly consumption (t=3.08) is consistent with this expectation (for further 
exploration of per-unit area savings, see Comparison of Per-Unit Area Water Application between 
Turfgrass and Xeric Landscape). 
 
TOTVAL 
 
Definition of Variable: 
The dollar value of the residence as specified in the Clark County Assessor’s Office database.  
This should not be considered the same as the home’s market value. 
 
Results and Significance: 
There was a positive association between the total value of the property and total consumption for 
xeric area consumption (t=2.94).  A discussion of how this variable tends to be positively 
associated with water consumption appears above in the discussion of the annual consumption 
model.  It is worthwhile to again emphasize that given water use for residential landscapes can 
ultimately be considered discretionary, higher homeowners’ wealth (here, evidenced by higher 
property value) may be anticipated to lead to greater consumption for landscape irrigation. 
 
PARCEL SIZE  
 
Definition of Variable: 
The size, in square feet, of the parcel of a study residence as specified in the Clark County 
Assessor’s Office database. 
 
Results and Significance: 
The parcel size of the residence was significantly inversely associated with consumption for xeric 
area irrigation (t=-2.78).  This result was unexpected, as a relationship or mechanism acting to 
result in a link between parcel size and the irrigation of xeric areas on that parcel is not 
immediately obvious.  The possibility that there is an inverse relationship between xeric study 
area and parcel area was examined, but this is not the case (rather, as would be expected, larger 
properties tended to be positively correlated with larger study areas, though this relationship is 
weak; R2=0.064).  Likewise, the theory that perhaps larger parcels had xeric areas that might be 
sparser in terms of canopy was examined and rejected (the data does not support this). 
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Discussion and consideration of other findings led to some other possible explanations.  One 
possibility is that those residences with larger parcels were more likely to incorporate native, 
lower-water-requirement plants in their landscapes.  Some data supports the theory that owners of 
large properties may indeed make more use of native taxa, but only marginally so (the properties 
in the top 10% in parcel size had an average of 10.9% of their plant palette composed of native 
vegetation; the average for the rest of the properties was 6.9%). 
 
Another theory is that larger xeriscape installations may be more likely to necessitate the need for 
a contractor, who is more likely to install a properly designed drip system and, as suggested by 
the findings linking station flow rate to consumption and (as revealed below) “drip-only” systems 
are more likely to result in lower total yearly consumption than those piecemealed together with 
multiple types of emitters.  Since those residents doing larger xeriscape conversion projects were 
found to be more likely to use a contractor, there is some evidence supporting this second theory. 
 
Perhaps the most likely reason for this finding is that people with smaller parcels are more able to 
afford to consume more water outdoors.  To understand this reasoning better, consider an 
example of two sets of land, one acre each, in a similar area and climate each with all 
landscapeable area landscaped.  One has a single residence upon it, the other acre, more 
subdivided, supports five homes (and thus is composed of five parcels).  One would conclude, 
usually correctly, that the outdoor consumption for the total area would be greater for the one-
home case, owing to its maintaining a greater amount of landscaped area (more of the available 
area is consumed as development in the five-homes case).  But what about total water 
consumption for irrigation on a per-parcel basis?  Each of the family income streams in the five-
homes-per-acre case support less irrigated area than that for the single home on the one acre.  
Thus, each of these five owners can afford to support more discretionary water use as their 
respective landscape irrigation “shares” are less than for the one owner supporting all of that area.  
As a result, the owners of the smaller parcels may use more irrigation water per parcel than in the 
alternative case, and this may be what is being observed here (internal research by SNWA has 
shown that subdivision tends to result in higher per-parcel usage while decreasing usage for the 
total equivalent area). 
 
Without more information, these are only hypotheses.  At this time, while the inverse relationship 
between parcel area and xeric area consumption stands, the mechanism behind the relationship is 
not completely understood.  
 
DRIP 
 
Definition of Variable: 
Presence (1) or absence (0) of an exclusively drip irrigation system irrigating the xeric study 
area.  This is a binary variable. 
 
Results and Significance: 
This is a different type of measure of the influence of irrigation system design on total xeric area 
water application.  Specifically evaluated was whether the presence of a “true” drip system (no 
bubblers, microsprays, mixed systems) was associated with xeriscapes with lower consumption 
than others.  The model does support this theory, with a significant finding that such “drip-only” 
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xeriscapes do have lower consumption (t=-2.27).  As suggested by Sovocool and Rosales11 2001, 
such systems typically have the lowest flow rates (average per-station flow rate = 4.0 gpm) of the 
types used to irrigate xeric landscape, so if run similar amounts of time to other systems, it would 
be expected that these would output lower total volume over a year.  Based on the data, it does 
seem likely that many residents run their systems without careful consideration as to which kind 
of emitters they actually have, in turn resulting in systems composed exclusively of true drip 
emitters being associated with the least amount of water consumed over the year.  Since slow 
application rates are generally the preference in irrigating drought-tolerant vegetation (this is 
especially the case with woody taxa) and because landscapes with “true” drip systems had the 
lowest consumption, this finding may be worthy of future considerations relevant to SNWA’s 
Water Smart Landscapes program. 
 
DONTKNOW    
 
Definition of Variable: 
Whether or not the respondent was knowledgeable about the level of enforcement of local 
restrictions designed to reduce water waste.  This binary variable indicating presence (1) or 
absence (0) of understanding was adapted from part of an alternative answer to a question asking 
respondents if they felt enforcement of water waste provisions was "too lax," "good," or "too 
strict."  In addition to these responses, residents taking the survey were also given the option of 
answering “Don’t Know” if they did not have any sense of how aggressively water waste 
regulations in the area were enforced. 
 
Results and Significance: 
Theoretically a person’s viewpoints on water waste enforcement could tie into how diligently they 
practice good irrigation management.  Recognizing this, the study staff formulated a question 
addressing this for the survey implemented in 2001.  In preliminary analyses (Sovocool12 2002) 
there really was not a difference in per-unit area irrigation for xeriscapes between those 
respondents answering “too lax” and “good” (only two people said enforcement was “too strict” 
resulting in no ability to tie this to consumption with any statistical precision, though this is quite 
telling of how the community viewed enforcement in 2001).  However, interestingly there was a 
difference between respondents with any kind of an opinion and respondents who had no sense of 
the issue.  This suggested at the time that awareness of enforcement of water waste regulations 
may be a principal motivator to conserve, regardless of one’s viewpoint on how appropriate the 
level of enforcement is.  The recurrence of this basic result, here in a multivariate scheme (i.e., 
those answering “don’t know” were associated with higher consumption in the regression model; 
t=2.13) suggests that sensitizing the public about enforcement of water waste restrictions may be 
a powerful motivator for achieving outdoor water conservation. 
 
 
FINANCIAL SAVINGS ASSOCIATED WITH CONVERSION PROJECTS AND COST EFFICIENCY 
 
As explained in the methods section, the research scope included a mandate to study some of the 
economics of xeriscape conversions, as this has been left relatively uninvestigated to date.  
Specifically, the directives were to quantify costs associated with the conversion and the 
subsequent maintenance of the xeriscape and to develop estimates as to what incentive level 
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would theoretically be necessary to entice people into doing conversion projects.  Collection and 
analysis of this data is explained in Methodology, below, and in Appendices 5 and 6.  Results are 
as follows below, starting with the conversion costs findings. 
 
The average cost of the conversion for those converting in the XS Group was obtained via data 
collected on parts and materials, as well as contractor receipts.  The average cost for all 
participants was $2,881.21 for 1,862.1 sqft converted ($1.55 per square foot for 91 participants 
sampled).  The average cost for those who did the conversion themselves was $2,428.31 for 
1,766.22 sqft ($1.37 per square foot), and the cost for those hiring a contractor was $4,076.88 for 
2,115.22 sqft ($1.93 per square foot).  These dollar amounts for costs and dollar valuations are as 
they stood in the late 1990s and have likely climbed slightly by today.  As might be anticipated, it 
appears that residents may on average be more likely to hire a contractor for larger conversion 
projects. 
 
Landscape maintenance requirements constitute a significant cost in labor and dollars directly 
spent.  The relative amount of xeriscape at a residence figured prominently in landscape 
maintenance reductions for both these costs (Figure 12).  For those who had at least 60% of their 
landscapeable area as xeric landscaping, maintenance savings of about one-third were realized 
versus those with 60% or more turf.  The average difference is 2.2 hours/month in labor and $206 
per annum in direct expenditures (N=216).  Landscape maintenance savings are value added on 
top of water bill savings.  This serves to greatly enhance the attractiveness of xeriscape to the 
customer.  Hessling12 (2001) provides a detail of the capital costs and savings obtained. 
 
 

FIGURE 12:  Average Monthly Maintenance Time and Annual Direct Expenditures 
for Participants Having At least 60% Turf or Xeriscape 
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Bill savings for a typical mid-consumption range customer were modeled as explained in 
Methodology and in Appendix 4.  Results show that there is a large difference in the monthly bills 
between a modeled residence with and without the conversion throughout the majority of the year 
(Figure 13).  The total difference in the annual cost for water between these two homes using the 
current (2004) rate structure is $239.92 - a significant savings attributable to the conversion 
(nearly $0.15 per square foot converted per annum).  It should be noted that this savings of 54% 
in total annual water charges is greater than would initially be anticipated from consumption 
savings data (Figure 6).  This is because the Las Vegas Valley Water District, as well as the other 
SNWA member agencies, uses a tiered, increasing block rate structure. 
 
Increasing block rate structures (also called conservation rate structures) are setup such that the 
more a user consumes on an average daily basis within a cycle, the more expensive, per unit 
(i.e., per gallon), water becomes.  The high per-unit area application to turfgrass results in 
residences with more grass typically crossing thresholds into higher billing rate strata much more 
frequently and this in turn exacerbates their water costs per unit and, ultimately, their total costs.  
In this case, the difference in per-unit water charges for the two fifth-decile homes, with all 
charges considered over the entire year is about $0.28 per thousand gallons (i.e., there is a 13% 
difference; effective prices of $1.85 vs. $2.13 per thousand gallons, respectively).  The 
comparison highlights the utility of tiered rate structures as a conservation tool and for promotion 
of xeriscape as a conservation tactic.   
 
 

FIGURE 13:  Modeled Monthly Water Bill for a Typical Las Vegas Area Home and 
The Same Home with an Average-Size Conversion 
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The expected water bill savings a resident of a typical home would realize from doing an average-
size conversion of turfgrass to xeriscape (anticipated monthly savings – including tier rate 
impacts) is thus as illustrated in Figure 14.  As can be seen, the typical monthly water bill savings 
range from a low of $5.68 (25%) in December to a high of $40.84 (70%) in July, again 
reemphasizing that the greatest savings obtained by having xeric landscape are realized in the 
extremes of summer in this area.  The savings obtainable serves to create a strong price signal to 
convert, especially when coupled with the incentive offered by SNWA currently ($1.00 per 
square foot for qualifying residential conversions). 
 
As suggested by Figures 13 and 14, on average xeriscape not only results in significant savings in 
water utility charges, it also makes the charges more manageable as they no longer “peak” to 
anywhere near the extent they did under the “no-conversion” condition.  For the “no-conversion” 
model, the low-consumption month to high-consumption month ratio is 1:2.93 (the peak month is 
July).  For the same house with the conversion, the ratio is 1:1.58 and the peak is pushed out to 
September owing to the difference in xeric irrigation pattern (Figure 8).  For homes proximal to 
the modeled condition, xeriscape conversions appear to make paying monthly bills easier because 
the peak is (i.) greatly attenuated and (ii.) potentially pushed out until later in the year, so it does 
not parallel other local utility bills which peak in the summer (power, for example). 
 
 

FIGURE 14:  Modeled Monthly Water Bill Savings for A Typical Las Vegas Area 
Home Completing an Average Size Conversion 

 



 54

 
ESTIMATED APPROPRIATE LEVEL OF FINANCIAL INCENTIVE 
 

Homeowner Perspective 
 
Hessling13 (2001) performed analyses of the financial viability of SNWA’s xeriscape conversion 
program, “Southern Nevada Xeriscapes” (since revised and renamed to “Water Smart 
Landscapes”).  It should be noted that at the time Hessling did his analysis, the program paid 
recipients an incentive of $0.40 per square foot.  He presented a Net Present Value (NPV) 
analysis demonstrating that, from the homeowner perspective, the return on investment by 
SNWA’s conversion facilitation program is two to three years for a resident and that the incentive 
is not really required to induce change as the NPV is positive, even when no incentive is 
rewarded.  See Hessling’s manuscript for additional details. 
 
A constructed model (Appendix 5) using a similar approach (and more recent data) seems to 
support the finding that no incentive is theoretically necessary for a typical do-it-yourself xericape 
conversion where subsequent financial savings in landscape maintenance are realized.  However, 
the incentive may be important in a variety of other situations.  The scenario, similar to the one 
used by Hessling as well as others, was explored by the model developed by SNWA 
(Appendix 5).  Some of the most common scenarios explored, with findings from model outputs, 
are summarized in Figure 15. 
 
In Figure 15, there are four different scenarios modeled (see explanation below), and each 
scenario has four associated results (Methodology and Appendix 5).  The outputs associated with 
each exercise are:  the average payback time (at a dollar per square foot) for a typical home doing 
a typical conversion (see Appendix 5), the average payback time without an incentive, the 
incentive required for a 3-year return on investment (ROI), and the incentive required for a 5-year 
ROI.  Special note should be made regarding the expression of payback times.  The display is not 
the range of payback times given the combination of scenario conditions, rather, it reflects that the 
expected average payback time falls sometime between the years shown.  The model is based on 
annual, not monthly data thus the need to display outputs in this manner.  The “incentive 
required” outputs, are simply average model outputs and are not to be considered appropriate for 
any one condition; their value is principally in comparative analyses between scenarios and in 
broad generalizations. 
 
The summary (Figure 15) is designed to facilitate inferences about the economics of the 
conversion project.  Along the horizontal axis are the “Only Conversion Material Costs” and 
“Conversion Material Costs + Labor” titles.  The first scenario condition refers to situations 
where only the direct costs for materials, supplies, rentals, and other such items are considered.  
Residents doing their own xeriscape conversion might consider this to be their scenario if they 
consider only the real financial outlays paid and don’t consider their time spent on the conversion 
to be a real financial cost.  In contrast, the “Conversion Material Costs + Labor” condition 
includes a valuation of the time to actually do the conversion, which naturally lengthens the 
payback time.  This perspective is more appropriate for those who consider the labor outputted by 
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themselves to be a true financial expenditure.  It is also the appropriate model perspective to 
consider if the project is performed by a contractor.  
 
Along the vertical axis of Figure 15, are the titles “Only Maintenance Goods Conserved” and 
“Conserved Maintenance Goods and Labor.”  Similar to above, the “Only Maintenance Goods 
Conserved” condition reflects consideration of savings associated with only direct expenditures 
on things such as fertilizer, replacement irrigation parts, occasional replacement of capital items 
such as shovels, etc. (so long as the conversion is significant enough to yield savings in these 
areas; see the discussion surrounding Figure 12).  The category “Only Maintenance Goods 
Conserved” would be most appropriate for people who do not consider the savings in labor 
obtained by having some of their area as xeriscape to be equivalent to a monetary outlay, 
situations where not enough of the total landscape area is converted to obtain this type of savings, 
or when a landscape maintenance company, which may or may not realize the savings, is either 
unwilling or unable to pass on labor savings to the customer as realized by the landscape retrofit.  
Again, there is an alternative category for the consideration of realized maintenance savings in 
labor costs resulting from the conversion.  The maintenance savings plus labor savings category, 
“Conserved Maintenance Goods and Labor,” is most appropriate when enough of the yard has 
been converted that real savings in maintenance labor can be realized and when the owner 
attaches value to this.  It would also be appropriate when the homeowner’s landscape company 
passes on realized labor savings to him or her. 
 
The matrix of results developed (Figure 15) permits some inferences to be made about what 
scenarios turn around financially the fastest and are thus most readily facilitated by a landscape 
conversion incentive.  In increasing order of time to payback (i.e., the first bulleted scenario is the 
most readily facilitated) these are: 
 
 
 

• Situations where only the material costs of the conversion are valued and where savings in 
both maintenance goods and labor can be realized (in fact, this scenario theoretically may 
not even require an incentive to generate financial savings in an acceptable investment 
timeframe). 

• Situations where both the material costs of the conversion and the labor cost of the 
conversion are valued and where savings in both maintenance goods and labor can be 
realized. 

• Situations where only the material costs of the conversion are valued and where only 
savings in maintenance goods (not labor) can be realized. 

• Situations where both the material costs of the conversion and the labor cost of the 
conversion are valued and where only savings in maintenance goods (not labor) can be 
realized. 

 
 
 
Considering that the optimal price point for the first three of these scenarios is probably covered 
by the current incentive level, but not the old $0.40-per-square-foot incentive, it may be that the 
SNWA hit upon a critical threshold value in stimulating the marketplace when it went to the 

Shorter Time to Investment Return 

Longer Time to Investment Return 
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$1.00 per-square-foot level in 2003.  A recent surge in program interest in the residential sector is 
consistent with this (Appendix 5).  Even in the fourth scenario, the current incentive level 
shortens the payback time such that the project might be deemed affordable by many people (see 
the associated 5-yr ROI).  While few, if any, residents do a detailed economic assessment of the 
payback time for their respective xeriscape conversion projects, the dollar per square-foot is 
almost certainly perceived to make conversion projects much more “affordable,” plus there is 
significant symbolic value to the $1.00-per-square-foot figure versus the past sub-dollar incentive 
levels. 
 
If the payback time outputs presented in this model are close to reality, it may be that SNWA’s 
Water Smart Landscapes program will continue to experience high interest until a point where 
materials, supply (i.e., practically convertible turf), or services associated with the conversion 
project come to be in short supply and/or become expensive enough to cause feedback such that 
program enrollment is slowed. 
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FIGURE 15:  Summary of Economics of Typical Single-Family Xeriscape 
Conversion Projects Under Different Scenarios 

 
                            Only Conversion Material Costs           Conversion Material Costs + Labor  
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$0.14/SqFt

5-6 Years 

3-4 Years 

$2.23/SqFt 
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None Req. 

None Req.
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1-2 Years 

$0.91/Sqft 
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SNWA Perspective 
 
The financial viability of SNWA’s Water Smart Landscapes Program is difficult to assess as 
resource alternatives available to the Authority against which this “water option” may be 
measured are diverse and have widely divergent respective costs (SNWA20 2003).  Furthermore, 
availability of water resources is not constant and shortage or surplus conditions can exist which 
can make using these as standards against which conservation programs can be measured again 
difficult.  A prime and current example of this is the drought that the Lower Colorado River Basin 
is experiencing which is currently impacting SNWA (SNWA Drought Plan21 2003).  In these 
types of situations, the economics of conservation programs are obviously enhanced, and it is 
against this backdrop that the economics of the Water Smart Landscapes Program is being 
considered in this study. 
 
In Hessling’s analyses13, the drought had not yet been recognized and designated as such and 
SNWA had no drought policies in place at the time of the analysis.  He grounded his analysis in 
comparing the marginal cost of water in the Southwest to the marginal benefit realized by the 
incentive program.  In doing so, he concluded that the cost of the incentive program at the time 
was just offset by its resource value, and the program was thus a worthwhile initiative (see 
analysis for details). 
 
In 2004, a reanalysis of the Water Smart Landscapes Program was done to consider the economic 
viability of it in the face of the drought and the current resource and program incentive values.  
Given the current scarcity of local water resources, the drought, and the fact that SNWA is now 
approaching the point of withdrawing its full Colorado River allotment (SNWA20 2003), the 
Las Vegas Valley Water District has recently paid $9,500 per acre-foot for undeveloped 
groundwater rights in the local basin and, furthermore, views this purchase as a bargain 
(LVVWD22 2003).  Because the largest purveyor member in the SNWA is willing to pay this 
amount currently for undeveloped, non-administered water rights, this should be a good 
alternative price for comparing the cost effectiveness of the program on a per-square-foot basis 
(not including administrative and advertising costs). 
 
It follows that to estimate the savings yielded by the program in dollars per square foot, the above 
marginal cost of water, converted to a square-foot basis, can be multiplied by the savings per 
square foot yielded by the conversion as below: 
 
$9,500 per acre-foot X 325851 gallons per acre-foot X 55.8 gallons per sqft yield = $1.627 per sqft 
 
The cost calculation is slightly more complex, as the SNWA not only spends the $1.00 per square 
foot to incentivize the conversion, but it also forgoes the yield it would have claimed on this 
amount had it invested it.  The mature yield of municipal bonds in February 2004 is used as this 
alternative rate.  Thus the true cost per square foot for SNWA can be estimated as: 
 
$1.00 per sqft expended + ($1.00 + 4.65% mature interest yield if invested instead) = $1.047 
 
The cost-effectiveness of the program can then be calculated as the difference between these 
values: 
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$1.627 per sqft saved - $1.047 per sqft saved = $0.58 per sqft net positive value to SNWA  
 
The analysis suggests that for each dollar the SNWA is spending for the incentive, it is bringing 
in $1.58 and that the program appears as such to be a good deal from a financial perspective for 
SNWA.  The ca. 37% net positive value means the program should be financially advantageous 
even with addition of the program advertising and administration costs which have not to date 
been quantified. 
 
In considering the theoretical maximum that SNWA could pay for the program (a component of 
Objective 6), it should be noted that $1.627 is not the maximum as, again, the yield of the 
alternative investment must be considered.  Subtracting out this missed or forgone yield results in 
a figure of $1.55 and this is the theoretical maximum price SNWA could currently justifiably 
sustain.  Again, the actual maximum would be anticipated to be lower due to program 
administration costs. 
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Executive Summary and Conclusions 

 
The major conclusions of this research are as follows: 
 

1. Xeriscape conversion projects can save vast quantities of water at single-family 
residences.  Homes in this study saved an average of 96,000 gallons annually following 
completion of an average-size conversion project.  This is a savings of 30% in total annual 
consumption; a finding in line with those yielded by other research studies in this region. 

 
2. Over the long timeframe of this study, total yearly savings have neither eroded nor 

improved across the years.  On average, household consumption drops immediately and 
quickly stabilizes. 

 
3. There is an enormous difference in application of water to locally used turfgrasses and 

xeric landscape by residents.  On average, each year residents applied 73.0 gallons per 
square foot (117.2 inches) of water to grow turfgrass in this area and just 17.2 gallons per 
square foot (27.6 inches) to xeric landscape areas.  The difference between these two 
figures, 55.8 gallons per square foot (89.6 inches) is the theoretical average savings 
yielded annually by having xeriscape in lieu of turf in this area.  This is a substantial 
savings (76.4%) when considered in the context of the available residential water 
conservation measures.  A sub-study of other commercial properties with xeriscape found 
the average application to xeric areas by these customers to be essentially equivalent to 
that observed for the residential customers. 

 
4. Over the course of a year, the difference in application between turf and xeric areas varies 

in a predictable bell-shaped-curve manner, with the greatest difference occurring in 
summer.  This is because turf irrigation peaks to a much greater extent in summer than 
xeric irrigation.  The difference in irrigation between these two types of landscape varies 
from as little as 1.56 gallons per square foot for the month of December, on up to 
9.62 gallons per square foot for the month of July. 

 
5. In comparing irrigation application to the reference evapotranspirational rate (ETo), it was 

found that on average application to turf exceeded ETo in every month except March, 
exceeding it the most May through November.  In contrast, xeric application remained 
well below ETo year round. 

 
6. The author experimented with using a locally invoked “rule-of-thumb” which holds that 

xeric plantings require about a third of the evapotranspirational rate as needed for turf.  In 
comparing this developed reference, 0.33(ETo), to application, it was found that these 
values were, in absolute terms, somewhat close month to month and very close over the 
entire year.  In comparing this developed reference to application, it was found that xeric 
application was below 0.33(ETo) half the year and above it the other half of the year 
(September-February). 
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7. Relative to questions about irrigation management and the potential for further efficiency 
gains, findings associated with conclusions 4 through 6 and subsequent analyses led the 
author to the suggest that (i.) the greatest absolute savings from assorted improvements in 
irrigation will be realized in the summer, but (ii.) the most readily obtained efficiency 
improvements (i.e., not requiring capital outlays) yielded from better controller 
management may be obtained September through January, as this is the period when a lot 
of residents fail to successfully decrease irrigation in response to lower irrigation 
requirements (for both types of landscape). 

 
8. Multivariate regression modeling was used to help discover some of the factors associated 

with variability in water consumption at single-family residences.  These are: 
i. The amount of turf at the residence (positive correlation). 

ii. The property value of the residence (as indicated by the local assessor’s office; 
positive correlation). 

iii. The age of the residence (positive correlation). 
iv. The total income of the property’s residents (positive correlation). 
v. Whether or not the turfgrass present at the residence is Fescue (a locally popular 

cool-season grass; positive correlation).  As a side-result from one of the 
multivariate analyses, Bermuda grass may be receiving approximately 59 gallons 
per square foot per year – certainly less than the application for the much more 
common cool-season grass in this study. 

Some variables which were significant in many other incarnations of the model (but not 
the final model) include parcel size, surface area of open water for pools and spas, the 
total number of occupants living at the residence, and total landscapeable area. 
 

9. A similar approach was used to identify some of the factors associated with variability in 
irrigation application to monitored xeric areas.  These are: 

i. The total canopy coverage within the xeric area (positive correlation). 
ii. The average per-station flow rate of the installed irrigation system serving the 

xeric area (positive correlation). 
iii. The size of the xeric area (positive correlation). 
iv. The property value of the residence (positive correlation). 
v. Parcel size (inverse correlation). 

vi. Whether or not the irrigation system was exclusively a drip irrigation system (i.e., 
not composed of microsprays, bubblers, other higher flow emitters, or 
combinations of emitters; inverse correlation). 

vii. Whether or not the resident responsible for managing irrigation at the home is 
knowledgeable about enforcement of local provisions prohibiting outdoor water 
waste (inverse correlation). 

 
10. Tracking of the costs residents incurred when converting their landscapes from turf to 

xeric landscape revealed that at the time of the study, the average conversion cost was 
$1.55 per square foot across all of the conversion projects for which data was available.  
The average cost for those who did the work themselves was $1.37 per square foot, and 
for those employing a contractor, it was $1.93 per square foot.  All of these costs are 
probably higher today due to inflation and a strong market for conversion projects. 
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11. In comparing those with 60% or more of their landscape as xeric landscaping and those 

whose landscape was 60% or more turf, it was found that those with the majority as 
xeriscape condition enjoyed a 2.2 hrs-per-month reduction in landscape maintenance and 
an additional $206 per annum savings in direct maintenance expenditures as well.  This 
represented a savings of about a third in total landscape labor and maintenance 
expenditures, respectively. 

 
12. A model of two identical homes, one near the average for consumption (technically in the 

fifth decile for consumption), the other the same, but having completed an average-size 
conversion, revealed the following: 

i. The annual water bill savings yielded by landscape conversion projects can be 
large.  For the Las Vegas Valley Water District customer modeled, the annual 
financial savings was $239.92 (figure includes all applicable surcharges).  This 
equates to a savings of nearly $0.15 per square foot. 

ii. This is a large savings of 54% in total annual charges for water consumption.  This 
level of savings is elevated over what might have been initially anticipated due to 
an aggressive tiered water rate structure.  The effective average fifth-decile annual 
water charges with all surcharges added would be $2.13/kgal for the typical 
traditional home and $1.85/kgal for the one having completed the average-size 
conversion. 

iii. The savings vary by season as expected by the findings associated with the 
submeter data.  Whereas the bill payer of the home having done the conversion 
saved 25% ($5.68) in charges for December vs. the typical homeowner, the same 
individual would realize an enormous savings of 70% ($40.84) for July.  One of 
the great benefits of xeriscape is that it drastically mediates “peaking” in summer, 
making summer bills much more affordable for households, especially since power 
bills also peak in summer. 

 
13. A model was also created to explore payback time and the appropriateness of the financial 

incentive.  This revealed that payback time varies in part on whether or not homeowners 
do the work themselves or enlist the assistance of a contractor and whether or not savings 
in maintenance labor is actually realized.  Modeling proceeded such that different 
combinations of these scenarios were explored.  The results suggest that in most situations 
the current SNWA incentive is sufficient to help facilitate conversions such that there is an 
acceptable time to return on investment (ROI) for the homeowner.  In order of increasing 
time to ROI from the point of conversion, with a dollar-per-square foot incentive from 
SNWA, these are as follows: 
• Situations where only the material costs of the conversion are valued and where 

savings in both maintenance goods and labor can be realized (average payback time of 
one to two years). 

• Situations where both the material costs of the conversion and the labor cost of the 
conversion are valued and where savings in both maintenance goods and labor can be 
realized (average payback time of two to three years). 
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• Situations where only the material costs of the conversion are valued and where only 
savings in maintenance goods (not labor) can be realized (average payback time of 
three to four years). 

• Situations where both the material costs of the conversion and the labor cost of the 
conversion are valued and where only savings in maintenance goods (not labor) can be 
realized (average payback time of five to six years). 

 
14. An economic analysis of the cost-efficiency of SNWA’s Water Smart Landscapes 

Program suggests that in theory the program is cost-efficient and could be bringing in the 
equivalent of $1.58 for each $1.00 spent on rebate incentives (a 37% positive return) by 
way of effectively freeing up local water resources for immediate use.  When the 
opportunity cost is included in the calculation, it is determined that the theoretical 
maximum incentive SNWA should be currently willing to pay in 2004 dollars is $1.55 per 
square foot (the actual maximum is less due to program administration costs).  In practice, 
this means it is probably not cost-effective to raise the incentive further at this time as the 
level necessary to yield a 3-yr ROI for those not yet facilitated to convert (i.e., the final 
bulleted scenario in Conclusion 13) equates to $2.23, an incentive level far in excess of the 
theoretical top-out point for an incentive provided by SNWA.  Furthermore, in the 
majority of modeled scenarios, the dollar per-square-foot is sufficient incentive for 
homeowners to justify the landscape conversion project. 
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APPENDIX 1:  ATTACHMENT A (SCOPE OF WORK) FOR BOR 
AGREEMENT 5-FC-30-00440 AS REVISED 11/19/98 
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APPENDIX 2:  MULTIVARIATE MODEL DETAILS 
 
Note:  Detailed definitions of variables and units for with each variable for both of the below 
models appear in the corresponding sections within Sources of Significant Variability in Single-
Family Residential Consumption. 
 

TABLE 19:  Multivariate Regression Model of Annual Single-Family Residential  
Consumption 

 
Regression Summary 
Dependent Variable:  MAINMETE (i.e., annual consumption registered through mainmeter) 
R2=0.80889235; Adjusted R2=0.80046113 
F(9,204) = 95.940; p<0.0001 
Std. Error of Estimate=76890 

Variable Beta Std. Error 
of Beta 

B Std. Error 
of B 

t(204) p - level 

Intercept   -90852.6 25413.77 -3.57494 0.000437 
POOL 0.060698 0.035627 51.3 30.13 1.70371 0.089959 

TOTALTUR 0.622464 0.041887 59.1 3.98 14.86045 0.000000 
TOTALLAN -0.145252 0.102765 -5.5 3.90 -1.41344 0.159051 
APPROXINC 0.073217 0.033839 0.3 0.14 2.16370 0.031649 

FESCUE 0.068672 0.032854 25756 12322.71 2.09020 0.037839 
TOTVAL 0.281661 0.051686 2.1 0.39 5.44950 0.000000 

PARCELSI 0.214206 0.119536 5.9 3.28 1.79197 0.074620 
NLTHOMEA 0.117091 0.043809 1600.6 598.85 2.67274 0.008132 
TOTALOCC 0.52416 0.032356 8860.4 5469.42 1.61999 0.106780 
 

TABLE 20:  Multivariate Regression Model of Annual Xeric Study Area Consumption 
 
Regression Summary 
Dependent Variable:  SUBMETER (i.e., annual consumption registered through submeter) 
R2=.64787230; Adjusted R2=.41973852 
F(7,178) = 18.394; p<0.0001 
Std. Error of Estimate=32272 

Variable Beta Std. Error 
of Beta 

B Std. Error 
of B 

t(178) p - level 

Intercept   -7697.6 8973.436 -0.85782 0.392144 
STUDYA 0.211132 0.068633 6.4 2.087 3.07623 0.002427 

TOTALCAN 0.299352 0.069467 9.2 2.126 4.30934 0.000027 
DONTKNOW 0.122082 0.57381 10922.2 5133.663 2.12756 0.034750 

TOTVAL 0.213746 0.072592 0.4 0.137 2.94447 0.003667 
PARCELSI -0.211758 0.076239 -1.5 0.524 -2.77756 0.006064 

AVGFLOWR 0.265679 0.064116 3637.4 877.802 4.14372 0.000053 
DRIP -0.133730 0.058997 -13615 6006.406 -2.26674 0.024609 
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APPENDIX 3:  RAW DATA 
 
Raw data for possible further analysis is included in the file “BORdata.mdb.”  A copy of this 
Microsoft Access database file is being included on disk with submission of this report to BOR.  
Below is the data description and dictionary for the file (this is also saved on disk). 
 

Xeriscape Conversion Study Data Description 
 

1. tblCustomerList – 716 Records, basic customer information. 
a. ClientID – SNWA Customer identification number  

i. Number – Long Integer 
ii. Primary Key 

b. Program – Indicates if the property is a xeriscape or turf study site 
i. Text – 50 

ii. XS = Xeriscape Study, TS = Turf Study  
c. FirstName – Property occupant’s first name 

i. Text – 50 
d. LastName – Property occupant’s last name 

i. Text – 50 
e. Address – Address of property 

i. Text – 50 
f. City 

i. Text – 50 
g. Zip – Postal code 

i. Text – 5 
h. HomePhone 

i. Text – 50 
i. WorkPhone 

i. Text – 50 
j. Comments – Optional comment field 

i. Memo 
k. OwnerChange – Indicates if there has been a change in the ownership of the 

property. 
i. Boolean 

l. FollowupMonth – Number of the month the property has been assigned to 
schedule an annual follow-up site visit. 

i. Text – 2 
m. AccountNum – LVVWD / SNWA account number assigned to the property 

i. Number – Long Integer 
n. ServiceArea – Indicates if the customer receives service from LVVWD or one of 

the other entities. 
i. Text – 50 

ii. S = LVVWD Service, O = Outside Entity. 
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o. Agreement – Date the customer signed the agreement to become a participant in 
the study. 

i. Date/Time 
p. FinalReview – Date final inspection site visit was conducted after the installation 

of the submeter. 
i. Date/Time 

q. Status – File quality status indication. 
i. Text – 50 

r. FileQuality – Quality rating of file information 
i. Text – 50 

 
2. tblAllSubmeterData – 2667 Records, customer’s submetered consumption data. 

a. nltClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. nitYear 

i. Number – Integer 
ii. Primary Key 

c. txtEntity – Indicates which water provider services the customer 
i. Text – 5  

d. txtProgram – Indicates if the property is a xeriscape or turf study site 
i. Text – 2 

ii. XS = Xeriscape Study, TS = Turf Study 
e. nstJan – January submeter consumption in gallons 

i. Number – Single Precision 
f. nstFeb – February submeter consumption in gallons 

i. Number – Single Precision 
g. nstMar – March submeter consumption in gallons 

i. Number – Single Precision 
h. nstApr – April submeter consumption in gallons 

i. Number – Single Precision 
i. nstMay – May submeter consumption in gallons 

i. Number – Single Precision 
j. nstJun – June submeter consumption in gallons 

i. Number – Single Precision 
k. nstJul – July submeter consumption in gallons 

i. Number – Single Precision 
l. nstAug – August submeter consumption in gallons 

i. Number – Single Precision 
m. nstSep – September submeter consumption in gallons 

i. Number – Single Precision 
n. nstOct – October submeter consumption in gallons 

i. Number – Single Precision 
o. nstNov – November submeter consumption in gallons 

i. Number – Single Precision 
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p. nstDec – December submeter consumption in gallons 
i. Number – Single Precision 

q. nstTotal – Total yearly submeter consumption in gallons 
i. Number – Single Precision 

 
3. tblAOX2 – 702 Records, parcel information from Assessor’s database 

a. ClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. PLDECKSQF – Pool decking square footage 

i. Number – Single Precision 
c. STORAGESQF – Storage area square footage 

i. Number – Single Precision 
d. PAVE1SQF – Paved area one square footage 

i. Number – Single Precision 
e. PAVE2SQF – Paved area two square footage 

i. Number – Single Precision 
f. PATIO1SQF – Patio one square footage. 

i. Number – Single Precision 
g. PATIO2SQF – Patio two square footage 

i. Number – Single Precision 
h. PATIO3SQF – Patio three square footage  

i. Number – Single Precision 
i. GARAGE1SQF – Garage area 1 square footage 

i. Number – Single Precision 
j. GARAGE2SQF – Garage area 2 square footage 

i. Number – Single Precision 
k. CARPORTSQF – Carport area square footage 

i. Number – Single Precision 
l. FIRSTFLSQF – First floor footprint square footage 

i. Number – Single Precision 
m. TOTALHS – Total of all hardscape areas  

i. Number – Single Precision 
n. PARCEL – Assessor’s parcel number 

i. Text – 11 
 

4. tblETDatawithCustomerIDs – 716 Records, total monthly  and annual 
evapotranspiration rates for 2001 by month correlated with SNWA client identification 
numbers. 

a. ClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. ETType 

i. Text - 50 
c. JanET 

i. Number – Single Precision 
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d. FebET 
i. Number – Single Precision 

e. MarET 
i. Number – Single Precision 

f. AprET 
i. Number – Single Precision 

g. MayET 
i. Number – Single Precision 

h. JunET 
i. Number – Single Precision 

i. JulET 
i. Number – Single Precision 

j. AugET 
i. Number – Single Precision 

k. SepET 
i. Number – Single Precision 

l. OctET 
i. Number – Single Precision 

m. NovET 
i. Number – Single Precision 

n. DecET 
i. Number – Single Precision 

o. TotalET 
i. Number – Single Precision 

 
5. tblETDatawithCustomerIDsAvg – 716 Records, average monthly and annual 

evapotranspiration rates for 2001 by month correlated with SNWA client identification 
numbers. 

a. ClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. ETType 

i. Text – 50 
c. JanAvgET 

i. Number – Single Precision 
d. FebAvgET 

i. Number – Single Precision 
e. MarAvgET 

i. Number – Single Precision 
f. AprAvgET 

i. Number – Single Precision 
g. MayAvgET 

i. Number – Single Precision 
h. JunAvgET 

i. Number – Single Precision 
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i. JulAvgET 
i. Number – Single Precision 

j. AugAvgET 
i. Number – Single Precision 

k. SepAvgET 
i. Number – Single Precision 

l. OctAvgET 
i. Number – Single Precision 

m. NovAvgET 
i. Number – Single Precision 

n. DecAvgET 
i. Number – Single Precision 

o. TotalAvgET 
i. Number – Single Precision 

 
6. tblInstalledCanopy – 447 Records, total of square feet of plant coverage of xeriscape 

participants upon installation of the landscape. 
a. ClientID – SNWA Customer identification number 

i. Number – Long Integer 
ii. Primary Key 

b. InstCanopyArea – Installed plant canopy square feet. 
i. Number – Single Precision 

 
7. tblParcelInfo – 702 Records, Information from Clark County Assessor’s office database 

extracted November 2002. 
a. ClientID – SNWA Customer identification number 

i. Number – Long Integer 
ii. Primary Key 

b. ParcelNum – Assessor’s office parcel number 
i. Text – 11 

c. ParcelSize – Size of parcel in square feet 
i. Number – Single Precision 

d. CONSTYR – Construction year 
i. Number – Integer 

SALEPRICE – Last Sales price 
ii. Number – Long Integer 

e. LYTOTAL – Last years assessed value land and improvement  
i. Number – Long Integer 

f. SALEDATE – Last sales date (Year) 
i. Text - 6 

g. nltHomeAge – Age of home calculated by construction year from the year 2001. 
i. Number – Long Integer 
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8. tblResults – 603 Records, collection of landscape areas, yearly water consumption data, 
other site, and customer information 

a. nltClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. Program – (TS = Turf Study Participant, XS = Xeriscape Study) 

i. Text – 50 
c. Converted – Area converted if XS participant 

i. Number – Single Precision 
d. Pool – Square footage of pool surface if present 

i. Number – Single Precision 
e. GardenMon – Square footage of garden area where the irrigation is monitored by 

the submeter 
i. Number – Single Precision 

f. GardenUnmon – Square footage of garden area where the irrigation is not 
monitored by the submeter 

i. Number – Single Precision 
g. Other – Square footage of other undeveloped property area.  No irrigation, plants, 

or hardscape present. 
i. Number – Single Precision 

h. Study – Total xeriscape area where irrigation is monitored by the submeter.  
Applies to XS participant only. 

i. Number – Single Precision 
i. TurfMon – Square footage of turf grass where irrigation is monitored by the 

submeter.  
i. Number – Single Precision 

j. TurfUnmon – Square footage of turf area where the irrigation is not monitored by 
the submeter 

i. Number – Single Precision 
k. XeriMon – Square footage of xeriscape where irrigation is monitored by the 

submeter.  (Applies to Turf Study Group) 
i. Number – Single Precision 

l. XeriUnmon – Square footage of xeriscape area where the irrigation is not 
monitored by the submeter. 

i. Number – Single Precision 
m. TotalLandscape – Total of all landscapable area on the property. 

i. Number – Single Precision 
n. TotalEvaporative – Total of all landscapable area with pool area added. 

i. Number – Single Precision 
o. dtt2001SR – Date of final annual visit conducted in 2001. 

i. Date/Time 
p. AgeOfXeriscape – Age of xeriscape in days calculated by the difference in days 

between the post submeter installation inspection and the final 2001 follow-up site 
visit. 

i. Number – Long Integer 
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q. TotalXeriArea – Total of all xeriscape areas, monitored and unmonitored. 
i. Number – Single Precision 

r. Status – File quality status indication. 
i. Text - 50 

s. TotalCanopy – Total of all plant canopy areas as of the 2001 annual site visit. 
i. Number – Single Precision 

t. nitYear 
i. Number – Integer 

u. txtEntity – Water agency that services the customer. 
i. Text - 5 

v. Submeter2001 – Total gallons used in the year 2001 through the submeter 
i. Number – Single Precision 

w. Mainmeter2001 – Total gallons used in the year 2001 through the main meter 
i. Number – Single Precision 

x. pctGarden – Percent of total landscape area in garden 
i. Number – Single Precision 

y. pctXeri – Percent of total landscape in xeriscape 
i. Number – Single Precision 

z. pctTurf – Percent of total landscape area in turf 
i. Number – Single Precision 

aa.  pctOther – Percent of total landscape in other non-landscaped area 
i. Number – Single Precision 

bb.  pctPool – Percent of total landscape area in pool 
i. Number – Single Precision 

cc. pctXeriRank – Xeriscape study participants were divided into ten percent ranges 
based upon percentage of landscape in xeriscape and given a ranking.  

i. Number – Single Precision 
dd. XeriDensity – Percent of plant coverage per square foot of xeriscape. 

i. Number – Single Precision 
ee. TurfType – Type of turf (Bermuda, Fescue, etc.) on property if present. 

i. Text – 50 
ff. BarrierType – Type of weed barrier present if Xeriscape study participant. 

i. Text – 50 
 

9. tblSurveyInfoOfInterest – 603 Records, Responses to survey questions.  Each possible 
response is listed as a separate field.  The responses are grouped where appropriate. 

a. CLIENTID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. SurveyAnswered – “Yes” or “No” Indicates if the customer answered any of the 

questions on the survey. 
i. Text – 3 

c. CLOCKADJ – How many times per year the irrigation clock was adjusted 
i. Number – Byte 
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d. INCBILL – How much of an increase in the monthly bill would produce 
conservation? 

i. Number – Integer 
e. RESPAGE – Respondent’s age 

i. Number – Byte 
f. Respondent’s gender 

i. MALE 
1. Number – Byte (1 = Yes, 0 = No) 

ii. FEMALE 
1. Number – Byte (1 = Yes, 0 = No) 

g. Respondent’s marital status 
i. MARRIED 

1. Number – Byte (1 = Yes, 0 = No) 
ii. SINGLE 

1. Number – Byte (1 = Yes, 0 = No) 
iii. WIDOWED 

1. Number – Byte (1 = Yes, 0 = No) 
h. RETIRED – Indicates if respondent is retired or not 

i. Number – Byte (1 = Yes, 0 = No) 
i. NATIVE – Native to southern Nevada? 

i. Number – Byte (1 = Yes, 0 = No) 
j. AGE65PLS – Number of residents at the property age 65 and older 

i. Number – Byte 
k. APROXINC – Median of a range of household income 

i. Number – Long Integer 
l. Respondent’s opinion on Water Waste enforcement 

i. DONTKNOW 
1. Number – Byte (1 = Yes, 0 = No) 

ii. GOOD 
1. Number – Byte (1 = Yes, 0 = No) 

iii. LAX 
1. Number – Byte (1 = Yes, 0 = No) 

iv. STRICT 
1. Number – Byte (1 = Yes, 0 = No) 

m. Highest Education Level 
i. ASSOCDEG – Associate’s degree 

1. Number – Byte (1 = Yes, 0 = No) 
ii. BACHDEG – Bachelor’s degree 

1. Number – Byte (1 = Yes, 0 = No) 
iii. GRADDEG – Graduate degree 

1. Number – Byte (1 = Yes, 0 = No) 
iv. HSDEG – High school degree 

1. Number – Byte (1 = Yes, 0 = No) 
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v. SOMECOLL – Some College 
1. Number – Byte (1 = Yes, 0 = No) 

vi. SOMEGRAD – Some graduate education 
1. Number – Byte (1 = Yes, 0 = No) 

vii. TECHTRAD – Technical or trade school 
1. Number – Byte (1 = Yes, 0 = No) 

viii. ADTECTRN – Advanced technical training 
1. Number – Byte (1 = Yes, 0 = No) 

n. Type of Grass at residence 
i. BERMUDA 

1. Number – Byte (1 = Yes, 0 = No) 
ii. FESCUE 

1. Number – Byte (1 = Yes, 0 = No) 
iii. BUFFALO 

1. Number – Byte (1 = Yes, 0 = No) 
iv. BFMIX – Bermuda / Fescue Mix 

1. Number – Byte (1 = Yes, 0 = No) 
v. UNKNOWN 

1. Number – Byte (1 = Yes, 0 = No) 
vi. NONE 

1. Number – Byte (1 = Yes, 0 = No) 
 

10. tblSurveryTotBath – 623 Records, total number of bathrooms on the property 
a. ClientID – SNWA Customer identification number 

i. Number – Long Integer 
ii. Primary Key 

b. Bathrooms 
i. Number – Single Precision 

 
11. tblSurveyTotOccupants- 341 Records, total number of occupants in the household at the 

time of the survey. 
a. nltClientID – SNWA Customer identification number 

i. Number – Long Integer 
ii. Primary Key 

b. TotalOccupants 
i. Number – Integer 

 
12. tblIrrigationData – 355 Records, Irrigation system components for each property were 

assessed, and each property assigned to one of the following categories.   
a. ClientID – SNWA Customer identification number 

i. Number – Long Integer 
ii. Primary Key 

b. AvgFlowRate – Average flow rate of all stations 
i. Number – Single Precision 

c. BubblerDrip – Irrigation system is composed of bubbler and drip systems  
i. Number – Integer (1 = Yes, 0 = No) 
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d. BubblerDripSpray – Irrigation system is composed of bubbler, drip, and spray 
systems 

i. Number – Integer (1 = Yes, 0 = No) 
e. Bubblers – Irrigation system is composed of bubblers 

i. Number – Integer (1 = Yes, 0 = No) 
f. BubblerSpray – Irrigation system is composed of bubbler and spray systems 

i. Number – Integer (1 = Yes, 0 = No) 
g. Drip – Irrigation system is composed of drip systems 

i. Number – Integer (1 = Yes, 0 = No) 
h. DripOff – Irrigation system is composed of drip systems with one or more other 

irrigation zones turned off 
i. Number – Integer (1 = Yes, 0 = No) 

i. DripMicro – Irrigation system is composed of drip and micro-spray systems 
i. Number – Integer (1 = Yes, 0 = No) 

j. DripPopup – Irrigation system is composed of drip and popup spray systems 
i. Number – Integer (1 = Yes, 0 = No) 

k. DripSpray – Irrigation system is composed of drip and spray systems 
i. Number – Integer (1 = Yes, 0 = No) 

l. Hose – Irrigation is done with a hose 
i. Number – Integer (1 = Yes, 0 = No) 

m. Microspray – Irrigation system is composed of micro-spray systems 
i. Number – Integer (1 = Yes, 0 = No) 

n. Sprays – Irrigation system is composed of spray systems 
i. Number – Integer (1 = Yes, 0 = No) 

o. BubblerDripPopup – Irrigation system is composed of bubbler, drip, and popup 
spray systems 

i. Number – Integer (1 = Yes, 0 = No) 
p. DripMicroPopup – Irrigation system is composed of drip micro-spray and popup 

spray systems 
i. Number – Integer (1 = Yes, 0 = No) 

q. DripPopupSpray – Irrigation system is composed of drip, popup spray, and spray 
systems 

i. Number – Integer (1 = Yes, 0 = No) 
r. DripPopupRotor – Irrigation system is composed of drip, popup spray, and rotor 

systems 
i. Number – Integer (1 = Yes, 0 = No) 

s. DripLaser – Irrigation system is composed of drip and laser tube systems 
i. Number – Integer (1 = Yes, 0 = No) 

t. DripSoaker – Irrigation system is composed of drip and soaker hose systems 
i. Number – Integer (1 = Yes, 0 = No) 

u. DripTurfBubbler – Irrigation system is composed of drip and turf bubbler systems 
i. Number – Integer (1 = Yes, 0 = No) 

v. DripFountain – Irrigation system is composed of drip systems, and a fountain refill 
is controlled with the irrigation clock 

i. Number – Integer (1 = Yes, 0 = No) 
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13.  tblMulches – 715 Records, mulch and weed barrier information 
a. ClientID – SNWA Customer identification number 

i. Number – Long Integer 
ii. Primary Key 

b. txtMulch – Typical type of mulch 
i. Text - 18 

c. txtMulchSize – Typical size of mulch 
i. Text - 50 

d. txtMulchColor – Typical color of mulch 
i. Text - 6 

e. nstMulchDepth – Depth of mulch in inches 
i. Number – Single Precision 

f. yntWeeds – Indicates if excessive weeds are present 
i. Boolean 

g. yntSlope – Is a steep slope present? 
i. Boolean 

h. yntTraffic – Is there heavy traffic in landscape? 
i. Boolean 

i. yntAlkali – Indicates if excessive alkali deposits present at surface. 
i. Boolean 

j. txtBarrierType – Type of weed barrier 
i. Text – 20 

k. txtBarrierColor – Color of weed barrier 
i. Text – 6 

l. yntBarrierShowing – Is the barrier showing at surface? 
i. Boolean 

m. txtWear – Extent of wear 
i. Text – 6 

n. txtLocationType – Wear location type 
i. Text – 16 

 
14. tblMainmeterConsumption – 4318 Records, Gallons used per customer per month as 

measured by the property’s main service meter. 
a. nltClientID – SNWA Customer identification number 

i. Number – Long Integer 
ii. Primary Key 

b. nitYear 
i. Number – Integer 

ii. Primary Key 
c. txtEntity – Indicates which water provider services the customer 

i. Text – 5  
d. nstJan – January consumption in gallons  

i. Number – Single Precision 
e. nstFeb – February consumption in gallons 

i. Number – Single Precision 
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f. nstMar – March consumption in gallons 
i. Number – Single Precision 

g. nstApr – April consumption in gallons 
i. Number – Single Precision 

h. nstMay – May consumption in gallons 
i. Number – Single Precision 

i. nstJun – June consumption in gallons 
i. Number – Single Precision 

j. nstJul – July consumption in gallons 
i. Number – Single Precision 

k. nstAug – August consumption in gallons 
i. Number – Single Precision 

l. nstSep – September consumption in gallons 
i. Number – Single Precision 

m. nstOct – October consumption in gallons 
i. Number – Single Precision 

n. nstNov – November consumption in gallons 
i. Number – Single Precision 

o. nstDec – December consumption in gallons 
i. Number – Single Precision 

p. nstTotal – Total annual consumption in gallons 
i. Number – Single Precision 

 
15.  tbl2001PropAreasOK4 – 673 Records, Property area information as recorded for the 

year 2001. 
a. nltClientID – SNWA Customer identification number 

i. Number – Long Integer 
ii. Primary Key 

b. Converted – Area converted from turf to xeriscape.  Refers to “XS” Participants 
only. 

i. Number – Single Precision 
c. Pool – Pool area if applicable 

i. Number – Single Precision 
d. GardenMon – Garden area where irrigation is being monitored by the submeter 

i. Number – Single Precision 
e. GardenUnmon – Garden area where irrigation is unmonitored by the submeter 

i. Number – Single Precision 
f. Other – Square footage of other undeveloped property area.  No irrigation, plants 

or hardscape present. 
i. Number – Single Precision 

g. Study – Total xeriscape area where irrigation is monitored by the submeter.  
Applies to XS participant only. 

i. Number – Single Precision 
h. TurfMon – Square footage of turf grass where irrigation is monitored by the 

submeter. 
i. Number – Single Precision 
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i. TurfUnmon – Square footage of turf area where the irrigation is not monitored by 
the submeter 

i. Number – Single Precision 
j. XeriMon – Square footage of xeriscape where irrigation is monitored by the 

submeter.  (Applies to xeriscape study Group) 
i. Number – Single Precision 

k. XeriUnmon – Square footage of xeriscape area where the irrigation is not 
monitored by the submeter. 

i. Number – Single Precision 
l. TotalEvaporative – Total of all landscape areas plus pool area. 

i. Number – Single Precision 
m. TotalLandscape – Total of all landscape areas. 

i. Number – Single Precision 
n. dtt2001SR – Date of 2001 follow-up site visit 

i. Date / Time 
o. AgeOfXeriscape – Age of xeriscape in days calculated by the difference between 

the post submeter installation inspection and the final 2001 follow-up site visit.  
i. Number – Long Integer 

p. TotalXeriArea – Total of all xeriscaped areas 
i. Number – Single Precision 

q. TotalGarden – Total of all garden areas 
i. Number – Single Precision 

r. TotalTurf – Total of all Turf areas 
i. Number – Single Precision 

s. PctGarden – Percent of total landscape area in garden 
i. Number – Single Precision 

t. PctXeri – Percent of total landscape in xeriscape 
i. Number – Single Precision 

u. PctTurf – Percent of total landscape area in turf 
i. Number – Single Precision 

v. PctOther – Percent of total landscape in other non-landscaped area 
i. Number – Single Precision 

w. PctPool – Percent of total landscape in pool 
i. Number – Single Precision 

x. PctXeriRank – Xeriscape study participants were divided into ten percent ranges 
based upon percentage of landscape in xeriscape and given a ranking. 

i. Number – Long Integer 
 

16.  tblTurfOnlySubMonthly – 107 Records, monthly submeter consumption data and per 
square foot usage for turf study group of participants.  Note – this usage is limited to those 
TS participants where ONLY turf was irrigated with submeter-monitored usage. 

a. ClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. Year  

i. Number – Integer 
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c. Entity – Water purveyor that serves the customer 
i. Text – 5 

d. FileQuality – Quality rating of file information 
i. Text – 10 

e. Status – Customer status 
i. Text – 7 

f. TurfMon – Square feet of grass where irrigation is monitored by the submeter 
i. Number – Single 

g. JanCons – January submeter consumption in gallons  
i. Number – Single 

h. FebCons – February submeter consumption in gallons 
i. Number – Single 

i. MarCons – March submeter consumption in gallons 
i. Number – Single 

j. AprCons – April submeter consumption in gallons 
i. Number – Single 

k. MayCons – May submeter consumption in gallons 
i. Number – Single 

l. JunCons – June submeter consumption in gallons 
i. Number – Single 

m. JulCons – July submeter consumption in gallons 
i. Number – Single 

n. AugCons – August submeter consumption in gallons 
i. Number – Single 

o. SepCons – September submeter consumption in gallons 
i. Number – Single 

p. OctCons – October submeter consumption in gallons 
i. Number – Single 

q. NovCons – November submeter consumption in gallons 
i. Number – Single 

r. DecCons – December submeter consumption in gallons 
i. Number – Single 

s. JanGalSF – Gallons used per square foot of turf in January 
i. Number – Single 

t. FebGalSF – Gallons used per square foot of turf in February 
i. Number – Single 

u. MarGalSF – Gallons used per square foot of turf in March 
i. Number – Single 

v. AprGalSF – Gallons used per square foot of turf in April 
i. Number – Single 

w. MayGalSF – Gallons used per square foot of turf in May 
i. Number – Single 

x. JunGalSF – Gallons used per square foot of turf in June 
i. Number – Single 

y. JulGalSF – Gallons used per square foot of turf in July 
i. Number – Single 
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z. AugGalSF – Gallons used per square foot of turf in August 
i. Number – Single 

aa. SepGalSF – Gallons used per square foot of turf in September 
i. Number – Single 

bb. OctGalSF – Gallons used per square foot of turf in October 
i. Number – Single 

cc. NovGalSF – Gallons used per square foot of turf in November 
i. Number – Single 

dd. DecGalSF – Gallons used per square foot of turf in December 
i. Number – Single 

 
17. tblTurfOnlySubYearly – 107 Records, yearly submeter consumption data and per 

square foot usage for turf study group of participants.  Note – this usage is limited to those 
TS participants where ONLY turf was irrigated with submeter-monitored usage. 

a. ClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. Year 

i. Number – Integer 
ii. Primary Key 

c. Entity – Water purveyor that serves the customer 
i. Text – 5 

d. TurfMon – Square feet of grass where irrigation is monitored by the submeter 
i. Number – Single 

e. GalSqFt – Gallons used per square foot of turf per year 
i. Number – Single 

f. YearlyCons – Total submetered consumption for the year. 
i. Number – Single 

g. FileQuality – Quality rating of file information 
i. Text - 8 

h. Status – Customer status 
i. Text – 7 

 
18. tblXeriOnlySubMonthly – 1550 Records, monthly submeter consumption data and per 

square foot usage for xeriscape study group of participants.  Note – this usage is limited to 
those XS participants where ONLY xeriscape was irrigated with submeter-monitored 
usage. 

a. ClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. Year 

i. Number – Integer 
ii. Primary Key 

c. Entity – Water purveyor that serves the customer  
i. Text – 5 
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d. ConvNew – Indicates if the property’s xeriscape was a new installation or a 
conversion of grass to xeriscape. 

i. Text – 4 
e. Status – Customer status 

i. Text – 7 
f. FileQuality – Quality rating of file information 

i. Text – 10 
g. XeriMon – Square feet of xeriscape where irrigation is monitored by the submeter 

i. Number – Single Precision 
h. JanCons – January submeter consumption in gallons  

i. Number – Single Precision 
i. FebCons – February submeter consumption in gallons  

i. Number – Single Precision 
j. MarCons – March submeter consumption in gallons  

i. Number – Single Precision 
k. AprCons – April submeter consumption in gallons  

i. Number – Single Precision 
l. MayCons – May submeter consumption in gallons  

i. Number – Single Precision 
m. JunCons – June submeter consumption in gallons  

i. Number – Single Precision 
n. SepCons – September submeter consumption in gallons  

i. Number – Single Precision 
o. OctCons – October submeter consumption in gallons  

i. Number – Single Precision 
p. NovCons – November submeter consumption in gallons  

i. Number – Single Precision 
q. DecCons – December submeter consumption in gallons  

i. Number – Single Precision 
r. JanGalSF – Gallons used per square foot of xeriscape in January 

i. Number – Single 
s. FebGalSF – Gallons used per square foot of xeriscape in February 

i. Number – Single 
t. MarGalSF – Gallons used per square foot of xeriscape in March 

i. Number – Single 
u. AprGalSF – Gallons used per square foot of xeriscape in April 

i. Number – Single 
v. MayGalSF – Gallons used per square foot of xeriscape in May 

i. Number – Single 
w. JunGalSF – Gallons used per square foot of xeriscape in June 

i. Number – Single 
x. JulGalSF – Gallons used per square foot of xeriscape in July 

i. Number – Single 
y. AugGalSF – Gallons used per square foot of xeriscape in August 

i. Number – Single 
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z. SepGalSF – Gallons used per square foot of xeriscape in September 
i. Number – Single 

aa. OctGalSF – Gallons used per square foot of xeriscape in October 
i. Number – Single 

bb. NovGalSF – Gallons used per square foot of xeriscape in November 
i. Number – Single 

cc. DecGalSF – Gallons used per square foot of xeriscape in December 
i. Number – Single 

 
19. tblXeriOnlySubYearly – 1550 Records, yearly submeter consumption data and per 

square foot usage for xeriscape study group of participants.  Note – this usage is limited to 
those XS participants where ONLY xeriscape was irrigated with submeter-monitored 
usage. 

a. ClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. Year 

i. Number – Integer 
ii. Primary Key 

c. Entity – Water purveyor that serves the customer  
i. Text – 5 

d. ConvNew – Indicates if the property’s xeriscape was a new installation or a 
conversion of grass to xeriscape. 

i. Text – 4 
e. XeriMon – Square feet of xeriscape where irrigation is monitored by the submeter 

i. Number – Single Precision 
f. YearlyCons– Total submetered consumption for the year. 

i. Number – Single 
g. GalSqFt – Gallons used per square foot of monitored xeriscape per year 

i. Number – Single 
h. FileQuality – Quality rating of file information 

i. Text – 10 
i. Status – Customer status 

i. Text – 7 
 

20. tblPlantList – 538 Records, list of plants used to verify xeriscape participant’s 
compliance with minimum canopy standards for program participation and classification 
of landscape plants in subsequent follow-up visits. 

a. PlantID 
i. Number – Long Integer 

ii. Primary Key 
b. Genus 

i. Text - 50 
c. Species 

i. Text - 50 
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d. Var/Cult – Variety or cultivar of plant 
i. Text - 50 

e. Common Name 
i. Text - 50 

f. Width – Expected mature width of the plant 
i. Number - Single 

g. Height – Expected mature height of the plant 
i. Number - Integer 

h. Plant Habit – Type of plant (shrub, tree, etc.) 
i. Text - 50 

i. H20Use – Rated plant water needs. 
i. Text – 50 

 
21. tbl2001HomeSales – 45 Records, data provided by SalesTraq.  Information related to 

home sales in Southern Nevada area in the year 2001 by zip code. 
a. Zipcode 

i. Text – 5 
ii. Primary Key 

b. NumberSold – Number of homes sold in zip code 
i. Number – Single Precision 

c. MedianPrice – Median price of homes sold in zip code 
i. Number – Single Precision 

d. AvgPrice – Average price of homes sold in zip code. 
i. Number – Single Precision 

e. AvgPricePerSqFt – Average Price per square foot of homes sold in zip code. 
i. Number – Single Precision 

f. AvgSize – Average size of homes sold in zip code. 
i. Number – Single Precision 

g. Volume – Total value of homes sold in zip code 
i. Number – Single Precision 

h. AvgAge – Average age of homes sold in zip code 
i. Number – Single Precision 

 
22. tblMeterInfo – 716 Records 

a. ClientID – SNWA Customer identification number 
i. Number – Long Integer 

ii. Primary Key 
b. MeterNum – Serial number stamped on submeter by manufacturer 

i. Text – 50 
c. Installed – Date submeter was installed by contractor 

i. Date/Time 
d. Cost – Cost of meter installation 

i. Number – Single Precision 
e. RetrofitNum – AS/400 account number assigned to submeter 

i. Number – Long Integer 
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f. Location – approximate location of submeter on site. 
i. Memo 
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APPENDIX 4:  INFORMATION ON SINGLE-FAMILY RESIDENTIAL WATER BILL MODEL 
 
A model was used to explore the differences in water consumption charges for a typical fifth 
decile in consumption LUC 110 property (single-family home) and one doing an average-size 
conversion.  The model assumes the properties are in the Las Vegas Valley Water District’s 
service area and subject to its regular service rules.  A typical 5/8-inch-meter size was assumed 
(meter size in large part determines rate per consumption unit).  Rates for each tier and the size of 
the tier rate block appear below in the screen shot of the actual modeling processes for the model 
used in this report.  As demonstrated, within a given billing cycle the rate for the first 
5,000 gallons is $1.05/kgal, the next 5,000 gallons after the initial 5000 costs $1.75/kgal, the next 
10,000 gallons after these first 10,000 gallons is $2.38/kgal and so on (for billing purposes, the 
utility rounds to the nearest thousand gallons).  In addition to the direct charges for the water, 
SNWA purveyor members bills commonly include a service charge, a commodity charge, and a 
reliability charge and these are reflected in the model below, so that the outputs are reflective of 
actual bills.  A 30-day billing cycle was assumed. 
 
In practical terms, the calculation of outputs in the model and the savings is derived by 
multiplying the expected average savings per square foot per month that would be yielded by a 
conversion (as calculated from Table 18) by the average-size conversion and then subtracting this 
from the fith-decile consumption level.  This yielded the costs with having done the conversion 
(below called “Total Bill).  In contrast, the cost without doing the conversion (i.e., “Average 
Fifth-Decile bill without reduction”) is shown under the “did conversion” scenario.  The 
difference between these, highlighted in red, is the anticipated monthly bill savings yielded from 
having completed the conversion project. 
 
Water Bill Calculator Screen Shot 
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APPENDIX 5:  INFORMATION ON HOMEOWNER PERSPECTIVE MODEL 
 
The model is a dynamic Net Present Value Model that calculates the NPV of the project in future 
years.  It does this by computing the difference in the yield by converting to xeriscape to the costs 
(water and maintenance) incurred by keeping turfgrass over the years. 
 
“Conversion cost” and “awarded incentive” are products of the associated rates and the square 
feet converted.  These are onetime costs.  The “interest rate” is the discount or alternative rate 
(i.e., the rate associated with the loss incurred by spending money on the conversion rather than 
placing it in an interest-bearing account).  The “average yearly rate increase” is the long-time 
average increase in water costs.  “Yearly maintenance savings” is a product of the “Labor 
Savings” and “Direct Maintenance” variables (which are themselves calculated in a manner 
similar to “awarded incentive,” however, these savings are yielded each year).  “Average total bill 
savings for a year” is not automatically calculated, but entered either by use of real data or 
modeled bill savings (see Appendix 4).  Model Outputs are “NPV” and “Year.”  Year 0 is the 
year of the conversion. 
 
This model can directly yield the payback time with and without the incentive.  By iterative 
process one can then develop what the input variables values would need to provide for a positive 
NPV at a given year.  This is how the values for the third and fifth-year ROIs were developed for 
Figure 15.  Example inputs and outputs are given below.  In this case, at $1.00 per square foot, the 
conversion reached a positive NPV between years one and two. 
 
In terms of yielding the actual data in Table 15, the following were used as data sources: 
 
“Square Feet Converted” – This was the average conversion size for SNWA’s Water Smart 
Landscapes Program in early 2004. 
 
“Incentive Level” – This was the $1.00 per square foot incentive level for almost all single-family 
conversion projects in SNWA’s Water Smart Landscapes Program in early 2004 (also see 
Appendix 5). 
 
“Conversion cost” – This was the conversion cost as revealed by survey.  This was one of the 
variables that were modified to reflect whether or not one did the conversion themselves or 
utilized contract assistance.  Rates for each of these scenarios were developed based on 
compilation of receipts from both types of installations. 
 
“average total bill savings for a year” – This was the yearly savings as provided by a model of the 
Las Vegas Valley Water District for a LUC 110 property in the fifth decile (mid-range) of 
consumption (see Appendix 4 for details on this model). 
 
“interest rate” – This was the interest rate of a home equity loan in early February 2004. 
 
“average yearly rate increase” – This is the average yearly rate increase for the Las Vegas Valley 
Water District over the long term.  In practice, the District has often gone significant periods of 
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time without a rate increase and then increased them much more than 3%, but this was the most 
practical method of doing the calculation for purposes of creating the model. 
 
“Labor Savings” – This was adapted from Hessling12 (2001).  This savings was effectively turned 
on or off to see the impacts of the situations when labor savings are and are not realized.  See text 
for additional information. 
 
“Direct Maintenance” – This rate was derived from the maintenance survey data and is per 
Hessling12 (2001). 
 
 
Examples of Homeowner Perspective Model Inputs and Outputs 
 

NPV Year 
($2,070.88) 0

($636.58) 1
$751.63 2

$2,095.24 3
$3,395.67 4
$4,654.31 5

Inputs: Type
Square Feet Converted 1616
Incentive level $1.00
Conversion cost: $1.37
conversion cost: $2,213.92
average total bill savings for a year: $240.00
awarded incentive: $1,616.00
interest rate: 6.32%
average yearly rate increase 3.00%

Labor Savings $0.20
Labor Savings $323.20
Direct Maintenance $0.11
Direct Maintenance $177.76
Yearly maintenance savings $500.96
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APPENDIX 6:  INFORMATION ON SNWA’S WATER SMART LANDSCAPES PROGRAM 
 
Growth of Program: 

 
See Program Application (following)
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Disclaimer 
All opinions, conclusions and recommendations in this report are those of the principal 
investigator and research team, and do not necessarily reflect the opinions of any of the sponsors, 
state officials, participating agencies, reviewers or other persons who may have assisted or 
participated in this study.  The authors apologize and take full responsibility for all mathematical 
errors, misspellings and grammatical blunders within these pages.  Readers are encouraged to 
point out any of the above to the author by email to bill@aquacraft.com for corrections in later 
editions of this study or publication of errata.  

Author’s Preface 
This report deals with a simple subject: how water is used in single-family homes in California.  
Nonetheless, the topic has important consequences for the future of the State of California.  The 
official goal of the State is to reduce per capita water use by 20% by 2020.  This report provides 
useful information and insights as to the technical potential to achieve these goals within the 
single-family residential water use sector.  
 
The overall period covered by our investigation ranges from 2005 to 2010, and the bulk of the 
water use data were collected from 2005 through 2008.  This study is a bottom-up approach to 
the subject.  Rather than trying to infer customers‘ water use patterns from gross production data 
and various other sources such as surveys and census information conducted on whole 
populations of customers, we have collected highly detailed information at the water meter on 
random samples of customers chosen from billing databases, with the goal of projecting patterns 
in the populations from these samples.   
 
We believe that the results of the study shed light both on how California single-family 
customers are currently using water, how their water use patterns have changed over the ten year 
period since the Residential End Uses of Water Study, and how future water use patterns might 
be modified in order to increase the efficiency of use and modify demands to moderate the need 
for raw water withdrawals from increasingly over-extended supplies.  We hope that readers of 
this report find it of use, and that over time it assists in the common efforts to better manage our 
natural resources. 
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Glossary and Conversion Factors 
The following table provides the definitions of terms as they are used in this report.  These 
definitions may vary from common usage based on specific terminology for the study. 
 

A  

actual irrigation 
application 

The volume of water estimated as outdoor or irrigation use. 
Calculated as total annual billed consumption minus best estimate 
of indoor use (kgal). 

AF Acre-foot - a volume of water that would cover one acre to a depth 
of one foot, or 325,850 gallons of water. See conversion table 
below. 

AFY A unit of volumetric rate: acre-feet per year. 

ANOVA, Analysis 
of variance 

A mathematical process for separating the variability of a group of 
observations into assignable causes and setting up various 
significance tests.i 

application ratio The ratio of the actual irrigation application to the theoretical 
irrigation requirement. Application ratios are key parameters in 
assessing irrigation use because they indicate at a glance whether a 
given site is over- or under-irrigating. 

AWC, average 
winter consumption 

Average winter consumption is an estimate of indoor water use. It 
can be calculated from average winter water usage in the months of 
December, January, and February where it is assumed that all usage 
during that period of time is indoors. 

AWWA, American 
Water Works 
Association  

AWWA provides knowledge, information and advocacy on water 
resource development, water and wastewater treatment technology, 
water storage and distribution, and utility management and 
operations. AWWA is an international nonprofit and educational 
society and the largest and oldest organization of water 
professionals in the world. Members represent the full spectrum of 
the water community: treatment plant operators and managers, 
scientists, environmentalists, manufacturers, academicians, 
regulators, and others who hold genuine interest in water supply and 
public health. 
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AWWARF, 
American Water 
Works Research 
Foundation  

Changed to Water Research Foundation in 2008. The Water 
Research Foundation is a member-supported, international, 
nonprofit organization that sponsors research to enable water 
utilities, public health agencies, and other professionals to provide 
safe and affordable drinking water to consumers.  

B  

BMP, Best 
Management 
Practices 

A set of water conservation practices identified, supported and in 
some cases required by the California Urban Water Conservation 
Council. 

C  

CalFed Members of the California Water Policy Council and the California 
Federal Ecosystem Directorate (CalFed) signed the Framework 
Agreement in 1994.  By signing this agreement, participants were 
committed to processes for: setting water quality standards for the 
Bay-Delta estuary, developing long-term solutions for the Bay-
Delta, and coordinating Central Valley Project and State Water 
Project operations with endangered species, water quality, and 
CVPIA requirements.  CalFed Ops group is charged with 
coordinating the operation of the water projects with these 
requirements.   

CCF A measure of volume: one hundred cubic feet or 748 gallons.  Also 
HCF. See conversion table below. 

ccf/yr An annual measure of volume: one hundred cubic feet, or 748 
gallons, per year. 

CII Commercial, institutional and industrial customers. 

CIMIS,   
California Irrigation 
Management 
Information System  

A network of 120 weather stations found throughout California. 
Managed by DWR. 

confidence interval For a given statistic calculated for a sample of observations (e.g. the 
mean), the confidence interval is a range of values around that 
statistic that are believed to contain, with a certain probability (e.g. 
95%) the true value of that statistic (i.e. the population value). This 
report typically uses a confidence interval of 95%.   
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Coverage 
Requirements 

Requirements detailing level of implementation of CUWCC BMPs. 
Coverage requirements may be expressed either in terms of activity 
levels by water suppliers or as water savings achieved. 

Current The word ―current‖ refers to the study period for this project, which 
was around 2007. All references to ―current‖ demands or ―current‖ 
data refer to the study period, not the date of reading. 

CUWCC, 
California Urban 
Water Conservation 
Council   

The California Urban Water Conservation Council was created to 
increase efficient water use statewide through partnerships among 
urban water agencies, public interest organizations, and private 
entities.  The Council‘s goal is to integrate urban water conservation 
Best Management Practices into the planning and management of 
California‘s water resources. 

D  

data logging Collection of flow data from a water meter by use of a portable 
electronic device that records the number of magnetic pulses 
generated by the meter on a ten second interval. 

DWR,  Department 
of Water Resources 

State of California‘s agency charged with managing water resources 
and use.  

E  

EBMUD, East Bay 
Municipal Utility 
District 

EBMUD provides drinking water for 1.3 million customers in 
Alameda and Contra Costa counties. The District‘s wastewater 
treatment protects San Francisco Bay and services 640,000 
customers. 

EnergyStar EnergyStar is a joint program of the U.S. Environmental Protection 
Agency and the U.S. Department of Energy. The goals of the 
program are saving money and protecting the environment through 
energy-efficient products and practices. 

EPAct, The Energy 
Policy Act of 1992 

An Act of Congress passed in 1992 with the goal of improving 
energy efficiency. It also included changes mandating 1.6 gpf 
toilets. 
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EPA, 
Environmental 
Protection Agency  

EPA leads the nation‘s environmental science, research, education 
and assessment efforts. The mission of the Environmental 
Protection Agency is to protect human health and the environment. 
Since 1970, EPA has been working for a cleaner, healthier 
environment for the American people. 

EPA Retrofit homes A group of 96 homes selected from existing single-family homes in 
Seattle, East Bay MUD and Tampa. Each home was data-logged 
and surveyed for baseline use, and then retrofitted with high-
efficiency fixtures and appliances.  Post-retrofit data were collected 
so that the impacts of the retrofits could be determined.  These 
homes are used as benchmarks for high-efficiency homes. 

ET, 
Evapotranspiration 

Evapotranspiration (ET), as used in this study, is a measurement of 
the water requirement of plants. According to CIMIS, 
Evapotranspiration (ET) is the loss of water to the atmosphere by 
the combined processes of evaporation (from soil and plant 
surfaces) and transpiration (from plant tissues). It is an indicator of 
how much water crops, lawn, garden, and trees need for healthy 
growth and productivity. See reference ET and net ET. 

excess use 
 

When the application ratio is greater than 1 there is excess irrigation 
occurring.  Excess irrigation as used in this report is the difference 
between the actual volume of water applied to the landscape and the 
theoretical irrigation requirement, with all values less than one set to 
zero.   This represents the sum of all excess use without netting out 
the deficit use. 

Explanatory 
variable 

A variable used as part of a regression analysis as a parameter to 
attempt to predict or model another variable.  One or more 
explanatory variables are commonly used in attempts to predict the 
value of a single dependent or objective variable.  For example, 
household water use was an important dependent variable in this 
study, which was related to changes in several explanatory variables 
such as persons per home, size of home, cost of water, presence of 
high-efficiency fixtures and appliances. 

F  

flapper leak In trace analysis, a periodic leak, often with a flow rate similar to a 
toilet‘s flow rate at a given site.  

flow trace data 
analysis 

Process of disaggregating end uses of water for a given meter.  
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FPD Flushes per day 

FS field study 

G  

gal. Gallon, a measure of volume. See conversion table below. 

GIS analysis Geographic Information System. GIS is a system of capturing, 
storing, analyzing and presenting geographic data.  

gpd gallons per day 

gpcd gallons per capita per day 

gpf gallons per flush 

gph gallons per hour 

gphd gallons per household per day 

gpl  gallons per load 

gpm gallons per minute 

gpsf gallons per square foot 

gtd gallons per toilet per day 

H  

HCF, hundred cubic 
feet 

A measure of volume: one hundred cubic feet or 748 gallons. Also 
CCF. See conversion table. 

HET, High 
Efficiency Toilet 

The term refers to toilets designed to flush at 1.28 gpf or less. 

High volume, High 
water use toilet 

Toilets designed to flush at volumes greater than 1.6 gpf.  Pre-1992 
toilets. 

I  
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irrigated area Portion of a lot‘s area that is irrigated. Does not include house 
footprint, hardscape, etc. Irrigated area is a critical parameter for 
irrigation analysis.  There was a very strong correlation between 
irrigated area and total lot size demonstrated by the data. 

IRWD, Irvine 
Ranch Water 
District 

Irvine Ranch Water District (IRWD) encompasses approximately 
179 square miles and serves the city of Irvine and portions of Costa 
Mesa, Lake Forest, Newport Beach, Tustin, Santa Ana, Orange and 
unincorporated Orange County. It is an independent public agency 
governed by a publicly elected board of directors.  Core services 
include water treatment and delivery, sewer collection and 
treatment, water recycling and urban runoff treatment. 

K  

Kc (crop co-
efficient) 

The relative amount of water cool-season turf needs at various times 
of the year. 

keycode The unique code used to identify each study home. The first two 
digits of the code identified the agency in which the residence was 
located.  The last three digits identified the specific home.   

kgal Unit of volume equal to 1,000 gallons. See conversion table below.  

L  

l, liter A measure of volume, equal to 0.264 gallons. 

LA, landscape area Portion of a lot‘s area that includes vegetation, ground cover or 
water surface.  May include vegetated areas that are not irrigated.  
Does not include house footprint, hardscape, etc.  

LADWP, Los 
Angeles 
Department of 
Water and Power 

Public agency that supplies electricity and water to the City of Los 
Angeles.  Water sources include recycled, imported (MWD) and 
ground water. 

landscape aerial 
analyses 
 

Utilizing aerial imagery and GIS analysis to identify landscaping 
features such as likely plant types and corresponding area. 
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landscape 
coefficient 

The weighted average of crop coefficient for landscape (Kc). 
Represents the aggregate landscape for a given site. Lower values 
imply more xeric landscape, while higher values higher water-using 
landscape. 
 

landscape ratio 
(LRatio) 

This is the ratio of the theoretical irrigation requirement to the 
reference requirement based on ETo 

―leaks‖ Whenever the term ―leak‖ is enclosed in quotes this is intended to 
remind the reader that these events may include uses that are not 
actually leaks, but which give the appearance of leaks based on the 
flow rates, durations and timing patterns. 

Leaks and 
continuous events 

Events that are identified as leaks during flow trace analysis.  These 
fall into two categories: small and random events that do not appear 
to be faucet use due to their small volume, timing and often 
repetitious nature, and long continuous events that appear to be due 
to broken valves or leaking toilets.  Note that some continuous uses 
may be due to devices like reverse osmosis systems that are being 
operated on a continuous basis. 

LF, Low flow Describes toilets, faucets and showerheads that meet the 1992 
EPAct requirements 

logging Practice of installing data loggers on customer water meters. Same 
as data logging. 

lot size  Lot size is a measure of the total area attributed to a given study 
site. Often found from parcel data.  

lpf  liters per flush 

LVMWD,  
Las Virgenes 
Municipal Water 
District 

Las Virgenes Municipal Water District provides potable water and 
wastewater treatment to more than 65,000 residents in the cities of 
Agoura Hills, Calabasas, Hidden Hills, Westlake Village, and 
unincorporated areas of western Los Angeles County. 

M  

mean A hypothetical estimate of the typical value. For a set of n numbers, 
add the numbers in the set and divide the sum by n. 
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median The middle number in an ordered set of observations. Less 
influenced by outliers than the mean. 

MG Unit of volume equal to 1,000,000 gallons. See conversion table 
below. 

mgd millions of gallons per day 

MGY A unit of volume: million gallons per year. 

MOU Memorandum of Understanding. Especially with respect to the 
memorandum of understanding that led to the formation of the 
California Urban Water Conservation Council. 

N  

n number of observations or sample members. 

net ET 
 

Equal to Reference ET less effective precipitation. Net ET is a key 
parameter in analysis and prediction of water use.  

NOAA,  National 
Oceanic and 
Atmospheric 
Administration 

An agency within the Department of Commerce. Focus is on oceans 
and atmosphere, including weather. Maintains weather stations 
throughout the United States.  

R  

R2 , coefficient of 
determination 

The proportion of variance in one variable explained by a second 
variable. It is the square of the correlation coefficient, which is a 
measure of the strength of association or relationship between two 
variables. 

reference evapo-
transpiration (ETo) 

ETo measures the moisture lost from a reference crop (normally 
cool season grass for urban purposes [inches]) and the soil due to 
temperature, solar radiation, wind speed, and relative humidity. 
Precipitation is not included in the measurement of Eto, although it 
does affect several of the parameters in the ET equation such as 
solar radiation and relative humidity.   

Reference 
requirement 

The volume of irrigation water required for a landscape planted 
exclusively with cool season turf and a 100% efficient irrigation  
system. 
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regression A method for fitting a curve (not necessarily a straight line) through 
a set of points using some goodness-of-fit criterion. 

REUWS homes,  
Residential End 
Uses of Water 
Study homes 

This refers to the sample of approximately 1200 single-family 
homes chosen randomly from the service areas of 12 water 
providers in 1997.  These are considered representative of existing 
single-family homes from the 1996 time period, prior to widespread  
implementation of the 1992 Energy Policy Act requirements. 

S  

sf A measure of area, square feet. 

single-family home For purposes of this study, a single-family home refers to a single 
meter feeding single dwelling unit. Generally detached, but may be 
attached as in the case of duplexes, triplexes etc., but each unit must 
be individually metered. Apartments are not included. 

standard deviation An estimate of the average variability (spread) of a set of data 
measured in the same units of measurement as the original data. It is 
the square root of the sum of squares divided by the number of 
values on which the sum of squares is based minus 1. ii 

standard error This is the standard deviation of the sampling distribution of a 
statistic. For a given statistic (e.g. the mean) it tells how much 
variability there is in this statistic across samples from the same 
population. Large values, therefore, indicate that a statistic from a 
given sample may not be an accurate reflection of the population 
from which the sample came.  

T  

Theoretical 
Irrigation 
Requirement (TIR) 

The volume of water (kgal) needed to meet the calculated 
requirements of the landscape for a given lot. It is a function of 
irrigated area, net Eto, landscape ratio, irrigation efficiency. 

U  
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ULF toilets Ultra-Low-Flow/ultra-low-flush toilets, which in 1992 represented 
the best efficiency toilets available.  When used in this report, the 
term ULF refers to toilets designed for flushing at 1.6 gpf. 
Currently, ULF toilets are the standard, and HET, or High 
Efficiency Toilets are the best available devices. The term is clearly 
out of date, but since it is so widely used and understood to 
represent 1.6 gpf toilets, we continue to use it.  

W  

water factor For clothes washers, this is the ratio of the total average gallons per 
load to the capacity of the machine in cubic feet. The lower the 
number the more efficient the machine. 

Water Research 
Foundation 

The American Water Works Association research arm. The Water 
Research Foundation is a member-supported, international, 
nonprofit organization that sponsors research to enable water 
utilities, public health agencies, and other professionals to provide 
safe and affordable drinking water to consumers. 

WaterSense An EPA Partnership Program created to aid water conservation 
through labeling of water efficient products, services and buildings. 

 
 

Table of Unit Conversion multipliers 
 GAL CF CCF KGAL AF MG 
GAL 1 0.1337 1.337 x 10-3 1.0 x 10-3 3.069 x 10-6 1.0 x 10-6 
CF 7.48 1 0.01 7.48 x 10-3 2.296 x 10-5 7.48 x 10-6 
CCF 748 100 1 0.748 2.296 x 10-3 7.48 x 10-4 
KGAL 1000 133.7 1.337 1 3.069 x 10-3 1.00 x 10-3 
AF 325,851 43,560 435.6 325.852 1 0.326 
MG 1,000,000 13,370 133.7 1000 3.069 1 

 
Note: multiply number of units in column 1 by the number in the body of the table to 

convert to units shown in row 1, for example: 10 MG x 3.069 = 30.69 AF. 
 



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 24 

CHAPTER 1 – EXECUTIVE SUMMARY 
 
The California Single-Family Home Water Use Efficiency Study includes data from many 
traditional sources such as billing data, survey data, weather data and aerial photo information to 
analyze the water use patterns of a sample of over 700 single-family homes across ten water 
agencies throughout the State of California.  Detailed flow trace data was obtained from portable 
data loggers, which were attached to the water meters of each of the study homes.  These flow 
traces provided flow readings at ten second intervals from the magnetic pickup, which generate 
80-100 pulses per gallon.  These highly detailed flow data make it possible to identify individual 
water use events and to categorize them by their end use.  The flow trace data tell not just how 
many gallons per day the home used, but how many gallons per day were used for individual end 
uses such as toilet flushing, clothes washing, dishwashers, showers, irrigation, faucets and leaks.  
Detailed use information can be pulled from the trace, giving for example, a count of toilet 
flushes and toilet flush volumes during a logging period. Researchers used flow trace data to 
determine levels of daily use in the homes and the efficiency of that use. Although the flow trace 
technique contains marginal error, such as from the mis-categorization of some events, it 
provides information on end uses that is not available from any other source. This report 
summarizes the results of the study, which began in 2005 and was completed in 2010.  Water use 
patterns found during the 2007 logging period were analyzed to show how much potential 
remains for conservation savings from both indoor and outdoor efforts.  
 
The executive summary covers the eight key goals as outlined in the 2004 proposal.  This 
provides readers with a review of the most salient information that covers each of the key project 
goals.  Readers wishing to obtain background information and to learn more about the research 
methods are referred to Chapters 2, 3 and 5. 

Goal 1: To provide information on current water use efficiency by 
single-family customers 
 
Assessing the efficiency of water use in single-family homes implies having a standard upon 
which to base the comparison.  The efficiency of the homes can then be described as a numerical 
value based on the chosen standard.  For the single-family homes it is necessary to have two 
standards: one for indoor use and one for outdoor use. 

Determining Efficiency Standards 
The standard used in this study for indoor use was the household water use for a home 
employing best available technology for all fixtures and appliances and with less than 25 gphd of 
leakage.  In effect, the indoor standard was based on the EPA WaterSense specifications for 
indoor devices.  In the report the data from the 2000 study of a group of 100 homes that had been 
retrofit with high-efficiency devices, the EPA Post Retrofit Group, was used as the benchmark 
for what we referred to as efficient homes.  For indoor uses it was possible to have a single 
number that represented the number of gallons per day of use expected for efficient homes. 
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While indoor uses are relatively consistent from home to home, outdoor uses are much more 
variable, and it is really not possible to have a single number that tells how many gallons per 
year should be used for outdoor purposes.  What served the purpose for an outdoor standard were 
two values referred to in the study as the ―application ratio‖ and the volume of excess use.  The 
application ratio is equal to the ratio of the actual outdoor water use to the theoretical 
requirement for outdoor use based on the size and type of landscape, the local ET and whether 
there is a swimming pool present.  An application ratio of 1.0 indicates that precisely the correct 
amount of water is being used outdoors at the home.  The volume of excess use is the difference 
between the actual outdoor use and the theoretical requirement (in Kgal).  Using these 
parameters, an efficient home will have an application ratio of 1.0 or less, and will not have any 
excess outdoor use. 
 
There were ten water agencies that participated in this study, serving a total of 1.3 million single-
family households during the study period.  There were a total of 735 homes included in the 
indoor analysis for this study.  The weighted average annual total water use of these homes was 
132 Kgal per year or 362 gallons per household per day (gphd).  Their weighted average indoor 
water use was 134 Kgal/year (367 gphd). Approximately 53% of the annual use appears to be for 
outdoor use and 47% for indoor uses, based on billing data analysis. Figure 1 shows the 
indoor/outdoor split for the homes in the study group. 
 

Indoor/Outdoor Split 
(Kgal and %)

Indoor, 62.4, 
47%Outdoor, 69.5, 

53%

 
Figure 1: Approximate indoor/outdoor split in logging study group 

Indoor Efficiencies 
When the indoor use (plus leakage) was analyzed from the flow trace data it showed that the 
indoor use for the households appears to be declining compared to the data obtained from the 
RUEWS group from 1997, but it is still significantly greater than the benchmark EPA Retrofit 
Group.  Table 1 shows a comparison of the indoor use of the study group to the two benchmark 
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groups.  Figure 1 compares the distribution of indoor use for the three groups.  The current 
California use patterns are much closer to the REUWS benchmark than the EPA Retrofit 
benchmark. 

Table 1: Comparison of average indoor use to benchmarks 

Group Average Indoor Use (gphd) Percent of REUWS  
REUWS (California) 186 ± 10.2 100 % 
California SF Home Study 175 ± 8 94% 
EPA Post Retrofit Group 107 ± 10.3 57% 
 
 

 
Figure 2:  Indoor use histogram for California SF Study sites, REUWS, and EPA Retrofit Homes 

When the indoor uses are disaggregated the results are more revealing.  The disaggregated data, 
shown in Figure 3, show that, as one would expect, there have been significant reductions in 
indoor use for toilets and clothes washers in California since 1997.  At the same time, the indoor 
uses attributed to the other categories have stayed the same or increased in a way that has 
masked the savings from the toilets and clothes washers.  This pattern is especially true for 
events classified as leaks.  The analysis showed significantly more long duration or continuous 
flows that get classified as leaks.  These continuous events, which are found in a small number of 
homes, raise the average volume of water attributed to leaks for the study group from around 22 
gphd to 31 gphd. This finding needs further investigation to determine whether these truly are 
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leaks or may be due to devices that actually create a continuous demand for water.  This 
information is important because if the leakage, faucet and shower use were brought down to the 
levels shown in the REUWS study the average indoor use for the group would have been around 
150 gphd, which would have been a significant improvement from the 1997 data. 
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Figure 3: Comparison of household end uses 

 
The data show a major improvement in the water use efficiency of toilets.  There were a total of 
122,869 flushes recorded during the data logging period.  The average flush volume was 2.76 
gallons, and 64% of all flushes were less than 2.75 gallons.  The one negative finding on toilets 
was that apparently many toilets that are designed to meet the ULF standard of 1.6 gpf are 
flushing at significantly larger volumes.  This helps explain why the study found that only 30% 
of the homes were at average flush volumes of 2 gpf or less, while all of the program data, 
confirmed by survey data from this study, suggest that over 60% of the toilets in the population 
are ULF or better models.   
 
Figure 4 shows the comparison of the distribution of toilet flush volumes in the California 
Single-Family Homes study and the 1997 REUWS study.  This shows a dramatic shift in the bins 
containing the largest percentage of flushes.  In the 1997 sample these were between 3.75 and 
4.25 gpf, but as of 2007 they were between 1.25 and 2.25 gpf.  As more of the toilets on the right 
side of the distribution are replaced with high-efficiency models the overall demands for toilet 
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flushing will drop well below the current levels, and the percentage of homes meeting the 2.0 gpf 
efficiency criteria used for this study will increase. 
 

 
Figure 4: Comparison of toilet flush histograms of California SF Study to REUWS 

 
The distribution of clothes washer load volumes from the data is shown in Figure 5. As of 2007 
approximately 30% of homes were using 30 gallons per load or less for clothes washing.  At the 
time of the REUWS only around 1% of the clothes washers used less than 30 gallons per load, so 
the current data represents a major advance, but the data also show that there is still significant 
potential for savings in clothes washer use.  
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Figure 5: Distribution of clothes washer volumes 

 
There was little change in shower use between 1997 and 2007. The average gallons per shower 
was just over 18 gallons (around the same volume that is required to fill up an occupied bath 
tub), and the duration of showers was just under nine minutes.  Nearly 80% of all showers were 
flowing at 2.5 gpm or less.  Reducing flow rates and durations of showers remain the methods 
available for conservation in showers.  These are the kinds of things that people can do during 
drought times to gain savings from behavioral changes.  
 
The average leakage rate in the study homes was 31 gphd, while the median rate was 12 gphd.  
The wide disparity between these values shows that a small group of homes are leaking at very 
large rates, and this increases the average for the entire study group.  By inspection of Figure 45 
and Figure 46, one can see how the small number of homes in the larger leakage bins contributes 
a disproportionate amount of the total leakage in the group.  Leakage is complicated by the fact 
that some events that Trace Wizard categorizes as leaks may be due to devices such as water 
treatment systems that create a continuous demand for water.  The research team does not 
believe that this occurs very frequently.  Leaks from very short duration events, such as drips or 
occasional toilet flapper problems usually amount to 10 gpd or less of household demand.  The 
leaks that contribute very large volumes are those that continue for many hours or days.  The 
majority of the long duration events that contribute to the bulk of the leak volumes may be due to 
continuously running toilets, broken valves or leakage from pools and irrigation systems.   These 
are the continuous events that need to be better understood so that they can be dealt with 
appropriately. The sample group used 33 gpd of water for miscellaneous faucet use.  These uses 
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average less than one gallon per use and have average durations of 37 seconds. The average 
home recorded over 57 faucet events per day.   Faucet use represents a category of growing 
importance as toilets and clothes washers become more efficient.  The key to improving the 
efficiency of faucet use is to decrease the flow rates and the duration of the events.   

Outdoor Use Efficiencies  
In the study group, only 87% of the homes appeared to be irrigating.  This was based on the fact 
that some lots had no irrigable area, or that their water use showed little or no seasonal use.  Only 
around 54% of the homes that irrigate are doing so to excess.  So, overall, the degree of outdoor 
use efficiency is fairly good.  Figure 6 shows the distribution of application ratios in the study 
homes.  

 
Figure 6: Distribution of application ratios in study homes 

 
If we look all of the irrigating homes and compare their average outdoor use volumes to the 
average theoretical requirement we see that the two values are close to each other.  The average 
annual outdoor use for the group as a whole is 92.7 kgal.  The average theoretical irrigation 
requirement for the group is 89.9 kgal.  So, taken as a whole, there is only 2.8 kgal of excess use 
per lot occurring in the group.  Another way of looking at this is that the under-irrigation in the 
less-than-TIR group just about balances the over-irrigation in the more-than-TIR group.  If all 
irrigators were brought into compliance with their theoretical requirements, then the data indicate 
that the net result would be little change in overall use.   
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The fact that the difference between the average outdoor use and the average TIR is small does 
not mean that there is no potential for irrigation savings.  The savings potential is there, but it 
exists mainly on the lots of customers who are over-irrigating.  From the perspective of water 
conservation the customers who are deficit irrigating need to be set aside and attention needs to 
be targeted toward the over-irrigators. 
 
The excess use statistics shown in Table 49, in Chapter 7, shows that the average excess use on 
the lots that are irrigating is approximately 30 kgal per year.  Since only 87% of the lots were 
irrigators, the average excess use for all single-family accounts is estimated at 26.2 kgal per year.  
Approximately 62% of this excess use is occurring on 18% of the irrigating lots or 15% of all 
lots.  This is critical for water management because it shows that in a typical system the majority 
of savings from outdoor use will be found from around 15% of the customers. 
 

 
Figure 7: Distribution of excess irrigation by number of accounts 
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Figure 8: Percent of excess volume attributed to excess use bin 

Goal 2:  To provide a basis for estimating remaining conservation 
potential in single-family homes 
This question is closely related to determination of the levels of efficiencies.  The study used 
models of indoor and outdoor water use developed from the data collected in the study homes to 
predict the impact of making specific changes in indoor and outdoor parameters on household 
water use.  These models allow corrections to be made for the variables in the study and present 
the findings in a normalized manner, and were the chief method for predicting conservation 
potential in the study homes, and by inference in the state.  
 
For indoor use the data and models (see Table 83, Chapter 9) show that average indoor 
household water use could be reduced from the 2007 level of 175 gphd to 120 gphd if the 
following four things could be accomplished: 

 The maximum clothes washer volume was 20 gpl 
 The volume of water used by miscellaneous faucets could be reduced by 10% (from 2007 

levels) 
 Leakage could be reduced to a maximum of 25 gphd 
 The maximum toilet flush volume could be set at 1.25 gpf 
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This amounts to a potential of 55 gphd of indoor savings or 20 kgal per year.  The report did not 
discuss precisely how these goals are to be met, and there is no reason that these changes could 
not be allowed to occur gradually over many years.  The key thing is for building codes and 
regulations to remain in place that require the standards be met in new and remodeled 
construction.  As mentioned elsewhere, the study did not touch on the cost-effectiveness of 
specific programs aimed at accomplishing these goals. 
 
The study showed that the conservation potential remaining in the system from outdoor uses is 
significant, and larger than the potential from indoor uses.  The data from this study showed that 
there are three key parameters for modifying outdoor use: the irrigated area, the water demands 
of plants in the landscape and the percentage of homes in the population that are over-irrigating.  
Table 87, Chapter 9, shows that according to the outdoor use relationships observed in this study 
if the average irrigated areas were decreased by 15%, the landscape ratio decreased by 35%, and 
the percent of over-irrigators reduced from 50% to 20% of the homes it would be possible to 
reduce outdoor use to an average of 40 kgal per household from its 2007 level of 90 kgal.  The 
low-end estimate is that by simply reducing the rate of over-irrigators and leaving all of the other 
parameters as is, the outdoor use could be reduced by 28%, saving approximately 0.6 MAF. 

 
In Chapter 10 three levels of potential conservation savings are identified for the single-family 
sector.  The indoor savings potential are based on the end point chosen for indoor household use.  
In CHAPTER 9, a potential average savings of 20 kgal per home was estimated assuming an 
indoor use benchmark of 120 gphd. The estimate could be raised to 30 to 40 kgal per household 
assuming that benchmarks of 105 gphd could be achieved and more aggressive indoor 
technologies used.  Consequently, we can conceive of three levels of indoor water conservation 
benchmarks: a low, medium and high level at 20, 30 and 40 kgal per year per home.  Total 
indoor estimates statewide are based on the estimate of 9.5 million single-family households in 
the state.   
 
Outdoor potential conservation savings have been estimated at a low of 0.6, medium of 0.80 and 
high of 1.0 MAF. The savings in all three ranges are deemed technically achievable, but would 
require significant and increasing work over time and innovations in preventing over-irrigation 
and changes to both irrigated areas and plant types.  It is encouraging, however, that the low-end 
savings would more than achieve the desired 20% reduction in use.  The practicality of achieving 
savings in the high range is less clear, and is closely related to the value placed on the saved 
water (or costs for agencies to develop new supplies as alternatives).   Table 2 shows the 
summary of the estimated potential conservation savings derived from this study.  It is worth 
repeating that what is achievable is a function of the value being placed on the saved water and 
the costs for program implementation.  As water supplies become more constrained, prices 
typically increase, which may make strategies that are either not or only marginally cost-
effective become cost-effective to implement.   
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Table 2: Summary of projected statewide savings (MAF) 

 Baseline Low Medium  High 
Indoor 2.13 .58 .87 1.16 
Outdoor  2.27 .63 .79 1.02 
Total 4.4 1.21 1.66 2.18 
% of Total  27% 37% 50% 

Goal 3: To provide information on the current market penetration of 
high-efficiency fixtures and appliances in single-family homes 
There are two aspects of the penetration rates of efficient fixtures and appliances.  The first, 
which was the primary interest of this study, was to determine what percentage of households 
were operating at levels that are consistent with their being equipped with efficient devices. The 
second aspect, which was also of interest, was the actual percentage of devices in the market that 
are rated as efficient. 
 
The matter was further complicated by what criteria should be used to classify a fixture as 
meeting efficiency standards.  In the study we looked at the actual performance of the fixtures 
and appliances in the homes as revealed by their water use on the flow traces.  From this 
perspective a toilet, for example, that flushes at more than a specific level would not be classified 
as an efficient device irrespective of the actual model installed. For this study we used a cut-off 
point of 2.0 gpf as the average household flush volume for a home that is totally equipped with 
1.6 gpf (ULF) or better design toilets.  This represented at 25% margin of error for the toilets.   
The parameters used for classification of households are shown in Table 3. 
 

Table 3: Metrics used for efficiency determination 

Device Efficiency Criteria 
Toilets Avg. gallons per flush < 2.0 gpf 
Showers Avg. shower flow rate < 2.5 gpm 
Clothes washers Avg. load uses < 30 gal 
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Figure 9: Percentages of homes meeting efficiency criteria for toilets, showers and clothes 
washers 

The results for clothes washers can be interpreted from the perspective of both households and 
appliances because it is exceedingly rare for a home to have more than one clothes washer. For 
showers and toilets, however, where there is more than one unit per household the situation is 
less clear.  The efficiency criteria used for the study are set close to the target level for the 
devices, and therefore a house would need to have exclusively 1.6 gpf toilets or better, and 2.5 
gpm showerheads for it to satisfy the criteria. For example, a house with one high volume toilet 
and one 1.6 gpf toilet would have an average flush volume of more than 2 gpf. There is a 
considerable amount of discussion of this in Chapter 7 because most agencies believe that they 
have replaced more than 60% of the toilets in their service areas, yet only 30% of the homes are 
meeting the efficient toilet criteria.  The report concludes that these results are consistent with 
each other because of two facts: many homes contain mixtures of high volume and ULF or better 
toilets, and many ULF toilets are flushing at more than 1.6 gallons per flush.  The conclusion on 
toilet penetration was that somewhere between 60% and 70% of the toilets in the single-family 
residences are probably ULF models or better, and at the same time approximately 30% of the 
homes have average flush volumes of 2.0 gpf or less. 

Goal 4: To provide information on the rate of adoption of high-
efficiency fixtures and appliances by California homeowners 
In 1997, when the REUWS study was published, approximately 1% of the homes had clothes 
washer volumes of 30 gallons per load or less, and 10% of the homes had average toilet flushes 
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of 2.0 gpf or less.  As of 2007, both devices are showing approximately a 30% household 
adoption rate.  The percent of households with showers at 2.5 gpm was 70% in 1997, and is 
approximately 80% in 2007. 
 
Device % of HH in 1997 % of HH in 2007 Change/year 
Showers 70 80 1% 
Clothes washers 1% 30% 3% 
Toilets 10% 30% 2% 
 
The outdoor data from the REUWS study is difficult to compare to that from the California 
Single-Family study since it was from a much broader geographical area.  In the REUWS sample 
17% of the homes were applying more than the theoretical irrigation requirement, whereas 54% 
of the homes in this study were.  This is simply an interesting comparison, but does not mean 
that the rate of over-irrigation is going up.  The REUWS areas were based on the estimated 
irrigable areas on the lots rather than the irrigated areas, and they were not based on comparable 
aerial photos.  As such, we cannot make any statements about rates of change of irrigation 
application ratios or excess irrigation amounts from the data obtained for this report.  

Goal 5: To provide information in how the BMPs have impacted water 
use 
It is clear that the BMPs have been the major driving force behind water conservation efforts in 
the State of California since they were adopted in 1991.  Most of the agencies in this study are 
approaching their implementation in a similar manner.  It was not possible to detect differences 
in penetration rates of toilets or clothes washers among agencies with more or less aggressive 
rebate programs.  For example, one agency had a program where toilets would be replaced on 
demand for free with just a phone call from the customer.  The percentage of homes meeting the 
toilet criteria in that agency was not significantly different than in the others.  All we are able to 
say from the data in this study is that whatever changes in single-family water use were 
identified in this study have been the results of the combined application of the BMPs.  It was 
not possible to single out individual BMP measures and quantify their impacts separately. 
 
The other fact that the study demonstrated was that water savings obtained in individual 
categories such as toilets and clothes washers, where there has been measurable reductions, do 
not necessarily show up on the bottom line as overall household savings because changes in 
other categories may obscure them.  In our case, if the analysis was limited to just billing data it 
would not have been possible to identify any statistically significant change in the household 
water use of the homes.  It was the analysis of the disaggregated data that showed how individual 
categories of use had changed and showed that there were in fact significant changes occurring. 

Goal 6: To provide baseline demand data for future studies 
This study provides a wealth of data on single-family water use circa 2007 which can be used as 
a baseline for future studies provided those studies collect similar data on end uses.  The study 
showed the annual water use for the single-family customers in the ten participating agencies.  It 
showed the seasonal and non-seasonal water use patterns for each and then broke the indoor uses 
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into individual end uses, which were shown on a household basis.  Models of indoor water use 
were developed that showed which factors affected water use and the relationships between total 
indoor use and indoor use by category, to each of the key variables.  Future studies can compare 
water use as it was reported in this study to water use from their own time period.  A good 
example of this type of comparison is found in Figure 71, Chapter 9, which shows the 
relationships between indoor use and the number of residents.  
 
The same situation occurs for outdoor use, where information on lot size, irrigated area, 
landscape coefficient, application rates and volumes of excess irrigation was tabulated.  Models 
of outdoor use, similar to the indoor use models were developed, which can be used to make 
meaningful comparisons against future samples of customers. 
 
A key assumption for making future comparisons is that the sample of homes used for this 
analysis is representative of the single-family homes in the agencies and in the State.  We know 
that the samples chosen from each agency match the water use patterns for their respective 
populations.  We also know that the agencies included in this study represent some of the largest 
in the state. There is no reason that future analyses in these agencies, using new samples of 
homes chosen in the same manner, cannot provide excellent data on changes in indoor and 
outdoor use patterns. 

Goal 7: To provide information that can be used by California water 
agencies in updating their Urban Water Management Plans 
The degree to which the information presented in this report is useful for preparation of future 
urban water management plans is a function of how those plans are organized, and how the water 
use data in them are presented.  Water management plans that are based on more disaggregated 
demand data and which employ estimates of end uses of water will find the information in the 
report of greatest use.  Plans that are based on aggregated demands and overall population 
estimates will not derive as much benefit. 
 
The types of water management plans that will derive the greatest benefit from the data collected 
in this report, and from the data collection techniques used for the report, would track at least the 
following items in their single-family water use accounting: 

 Total annual deliveries to single-family accounts 
 Winter deliveries (December or January) as a proxy for indoor use 
 Number of single-family accounts in system 
 Total seasonal and non-seasonal use (derived from annual and winter use) 
 Best estimate of population of single-family accounts 
 Best estimate of irrigated area in single-family accounts (from samples and GIS data) 

 
These data could be used to generate unit use reports that can be tracked over time and compared 
to benchmark data. The following unit tracking parameters could be used: 

 Annual water use per SF account 
 Non-seasonal water use (proxy for indoor use)  

o Annual use 
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o Gallons per household per day 
o Per capita use  

 Seasonal use (proxy for outdoor use) 
o Annual use 
o Average application rate (gpsf) 
o Average application depth (in) 
o Application ratio (applied inches/f[ET]) 

 
These water management plans are based on measurement and tracking of actual water use that 
has been normalized in a way that allows it to be compared to efficiency benchmarks.  For 
example, by determining single-family winter water use, one can obtain a fairly good proxy for 
indoor use.  Knowing the household indoor use means this can be compared against benchmarks 
like the EPA retrofit study group, or against the data from this study.  This value should decrease 
over time if the efficiency of the system is improving.  What may have started at 170 gphd would 
drop over time as new and more efficient fixtures and appliances were installed and hopefully as 
leakage were better controlled.  Tracking the household indoor use in this manner would provide 
the best data for water management plans.  Similar tracking of outdoor use would provide 
information on which to gauge the improvements in outdoor use efficiency.  These types of plans 
could compliment information on BMP activities and conservation expenditures and confirm 
their effectiveness.  

Goal 8: To provide guidance for allocation of resources by identifying 
areas with the most promising conservation potential 
This report pointed out several items that provide insights into where to most effectively allocate 
resources for water conservation. 
 
Since the signing of the Memorandum of Understanding in 1991, water conservation efforts have 
been focused on implementation of the Best Management Practices.  These are mainly programs 
that lend themselves to tracking on the basis of activities performed and fixtures replaced.  The 
most convincing argument for the effectiveness of water conservation efforts, however, is one 
that is backed up by hard data that shows reductions in household water use.  This study 
demonstrated techniques of sampling and data collection that can be used for these approaches. 
Including detailed analyses of household and per capita water use on representative samples of 
customers can provide a wealth of information that will compliment the other tracking and 
evaluation efforts of the agencies.  Accounting for toilets and clothes washer rebates provides a 
primary input on water conservation.  It is still somewhat indirect until it can be coupled with 
demonstrated reductions in household water use for toilet flushing and clothes washing, along 
with concurrent reductions in the average flush volumes of toilets and load volumes for clothes 
washers in the homes as of a certain date. 
 
The degree to which both excess use and potential savings are skewed in the population needs to 
be considered when designing programs.  Programs that aim to control leakage or excess 
irrigation use, for example, should not be targeted to the entire population since most of the 
leakage and excess irrigation use is associated with a small percentage of the homes.  It would be 
better to design programs that target their efforts to just these customers. Water budgets, smart 
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meters, leak detection devices and better customer information systems are all possible examples 
of these. 
 
The information on toilets should also be of use for future program design.  The data showed two 
important facts.  First, even though a high percentage of toilets appear to have been replaced with 
ULF models, the percent of homes that are flushing at 2.0 gpf or less is lagging.  Second, the 
data clearly show that the actual flush volumes of ULF type toilets ranges well above the 1.6 gpf 
level.  If future retrofits are focused on newer high-efficiency toilets (those using 1.28 gpf or 
less), and work continues to replace all of the remaining high volume toilets in the homes 
upgraded to the high-efficiency toilets, the percentage of complying homes will increase rapidly 
over time and the household water use devoted to toilet flushing will decrease. 
 
The data show that reducing the percentage of homes that over-irrigate is the single most 
important factor in reducing outdoor use.  The report, however, does not support making weather 
based irrigation controllers mandatory.  The data show that these devices would cause irrigation 
to rise in about as many homes as they would create reductions.  The key to controlling outdoor 
use is to design programs that discourage excess irrigation use while allowing customers who 
prefer to under-irrigate to continue to do so. This requires targeting over-irrigators, which 
requires having some sort of estimate of the irrigated areas and outdoor water use for each 
customer and comparing this information to their actual seasonal use. 
 
The report highlighted the importance of leaks and other unexplained continuous uses in raising 
average use for the entire population.  Rather than have general programs targeted to all 
customers, the report suggests it would be better to have systems that can alert customers of the 
existence of a leak-like use pattern so that it can be remedied immediately.  In every group of 
houses that were logged as part of the study there were several that showed these long duration 
and high volume leak-like events.  Having programs in the billing system that detect increases in 
use and then send a text message, phone call or email to the customer might be considered.  
Having in-home monitors that read data from the AMR meters directly is another. Having water 
rates that seriously penalize excess water use would provide an economic incentive for 
customers to monitor their use. 
 
The report shows the importance of having more detailed information on customers.  It suggests 
that putting increased resources toward better customer information and water use tracking 
systems would greatly improve the ability to establish better water management programs.  As 
the old saying goes, ―you can‘t manage what you don‘t measure.‖ Key information that would 
assist in water management would include: the number of residents in the home, the annual and 
winter month water consumption, the size of the lot and size of the irrigated area and the local 
ET for the lot.  Such information would be invaluable for planning and evaluation purposes.  
Systems that provide customers with real-time information on water use, along with targets for 
use, enlist the customer as an active partner in water management.  Having the customers as 
partners should greatly enhance the response of the entire system. 
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CHAPTER 2 – INTRODUCTION 
 
One of the most pressing questions confronting urban water agencies is how much their current 
water demands can be reduced by conservation.  There are various ways of estimating the 
remaining water conservation potential.  This report focuses on an analysis of indoor and outdoor 
water use in single-family customers derived from detailed measurements of end uses of water.  
The report shows that while significant and considerable strides have been made in improving 
single-family water uses there is still potential for additional savings.  The report provides 
insights on how best to tap these increasingly valuable water resources from a technical 
perspective, but does not deal with the question of cost-effectiveness of particular programs.  
 
Where is water used in California single-family residences?  How much water is used for 
irrigation, toilet flushing, washing clothes and showering?  How much water is lost to leaks?  
What is the current water efficiency level and conservation potential of California homes?  What 
is the average toilet flush volume?  How much water does the average clothes washer use?  How 
does water use differ in households equipped with efficient fixtures and appliances?  Are there 
new uses of water that could alter demand patterns?  What mathematical relationships best 
predict single-family water use, and what factors are the best predictors of single-family water 
use?  The California Single-Family Water Use Efficiency Study was conducted to help answer 
these questions and to provide new and detailed information on the end uses of water in single-
family residences in California. 
 
The end uses of water include all places where water is used in the single-family residential 
setting such as toilets, showers, irrigation, clothes washers, faucets, leaks, dishwashers, baths, 
evaporative cooling, water treatment systems, water features, swimming pools, hot tubs, etc.  
Understanding how much, where, and when residential customers use water is fundamental 
information for utilities, conservation coordinators, planners, system designers, and numerous 
other water professionals.  Updated empirical data on water use and conservation effectiveness 
are essential for understanding how water efficiency efforts are impacting demands and what can 
be done to further conservation efforts. 
 
End use research has emerged as an important source of fixture level water use patterns over the 
past 20 years.  Once prohibitively expensive, the advent of compact battery powered flow 
recorders and signal processing software for disaggregating demands into component water uses 
has enabled micro-level water use measurements to be made from relatively large samples of 
residential customers at a reasonable cost.  The analytic technique, known as ―flow trace 
analysis,‖ enables disaggregation and quantification of residential end uses from a continuous 
flow data set recorded from the primary utility water meter at a single-family residence.   
 
Flow trace analysis was the fundamental analytic methodology used to disaggregate water use in 
the California Single-Family Water Use Efficiency Study. The flow trace analysis technique was 
developed by Aquacraft in the early 1990s, and was the research approach employed in the 
landmark 1999 American Water Works Association Research Foundation Residential End Uses 
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of Water study.  Since that time, flow trace analysis and the Trace Wizard analytic software have 
been utilized around the world to quantify residential water uses in research studies in Australia, 
New Zealand, Cyprus, Singapore, Jordan, England, Spain, Canada, and beyond.  These 
techniques were used to develop the end use data that has been cited in this study for the EPA 
Retrofit Analysis and the New Home Study. Both studies are described in the literature review. 
 
In the California Single-Family Water Use Efficiency Study, water consumption for various end 
uses was measured from a sample of 732 single-family homes in 10 water agencies across 
California.  Additionally, annual historic consumption data were obtained from each 
participating agency allowing for estimation of both indoor and outdoor demands.  The irrigated 
area at each of the 732 study homes was measured using aerial photographs and geographic 
information system (GIS) technology. Local climate data were obtained in order to estimate 
irrigation requirements.  This allowed for analysis of both theoretical irrigation demands and 
actual applications at each site.  All of this information was collected to provide answers to 
fundamental questions about the quantity and uses of water in California residential settings, and 
to examine the potential water savings that might yet be achieved from various conservation 
measures. 
 
In addition to presenting the findings from the data collection effort, the study also examined the 
relationships between the end uses of water and household demographics and socioeconomic 
data.  Building from those relationships, predictive models were developed using multiple 
regression techniques to examine the impact of a range of likely independent variables.  These 
models allow water utilities and planners to input critical variables from their own communities 
and generate predictions about water use and conservation savings based on actual data. Of equal 
importance, they allow the impact of changes in single-family household characteristics on water 
use to be explored, which is a key for estimating the impact of various changes on future demand 
patterns.  
 
This report describes the methodology and important findings of this study and presents a wide 
variety of analyses based on the dataset assembled over the course of the study.  As with any 
similar research study, this report represents a time and place snapshot of how water is used in 
single-family homes in the California study group assembled for the study.  Similarities and 
differences among end uses were tabulated for each location, analyzed, and summarized.  Great 
care was taken to create a statistically representative sample of customers for each of the 10 
study locations.  However, the precise degree to which these samples are representative of the 
entire state is unknown.  Having the models of water use, however, makes it less critical that that 
sample be totally representative, since where differences exist in a local population (such as in 
the number of residents per home) the models can be used to adjust the water use predictions. 
 
A research study of this size and scope must rely on a variety of assumptions.  It is recognized 
that changes in some of these assumptions could impact the results.  Wherever possible, the 
researchers have endeavored to acknowledge key assumptions, and to explain how they may or 
may not factor into the results. 
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This study does not include analyses of costs to implement individual conservation programs or 
benefits from saving water.  These topics need to be addressed on a case-by-case basis as part of 
future work.  Costs for implementation of conservation programs vary widely depending on the 
method chosen and the time allowed for the work to be done.  Programs that are highly intrusive 
and rely on rebates and other hard expenditures for the water agencies can be quite expensive.  
On the other hand, programs that rely on natural market transformation over time, perhaps 
encouraged by building codes, can be implemented with less cost.  On the other side of the 
equation, the benefits ascribed to water savings depend on the value that is placed on the saved 
water, which is another variable that must be considered on a case-by-case basis. 
 
Because this is not a study of cost effectiveness, the reader is cautioned not to assume that any of 
the water conservation options discussed in the report are feasible to implement.  Even the most 
conservative scenario requires substantial investments, and its implementation needs to be 
carefully thought out. The study shows what types of changes need to be made in order to reduce 
single-family water use, and provides estimates of the savings that might be achieved by doing 
so. It is up to the planners and engineers practicing in the area of water demand management to 
design programs that can achieve these savings in a cost-effective and customer acceptable 
manner.  Also, many of the outdoor parameters, such as the irrigated areas and plant types are 
matters of local policy and custom, which may not be easily changed. 

Background 
This is a study of single-family household water use in California and the factors that affect it. 
In 1996 the American Water Works Research Foundation (AWWARF) funded what was then 
the most detailed and comprehensive study of water use patterns in single-family customers in 
North America.  This study was jointly sponsored by 12 water agencies in the U.S. and Canada.  
The study was called the Residential End Uses of Water Study, or REUWS1, and it provided 
unprecedented details on household water use using a random sample of approximately 1200 
homes chosen in groups of 100 per study site.  The REUWS used a combination of billing data, 
flow traces from data loggers, and survey data to obtain measurement of daily household and per 
capita use for each of the major end uses of water.  Estimates were obtained for the irrigated 
areas on each lot in order to also provide estimates of annual irrigation applications.  The 
REUWS study provided a benchmark of water use patterns at a point in time at which few 
houses had incorporated the more efficient plumbing fixtures mandated by the 1992 Energy 
Policy Act. 
 
Four of the 12 study sites for the REUWS were located in the State of California.  These were: 
Las Virgenes Municipal Water District, Walnut Valley Water District, the City of Lompoc, and 
the City of San Diego.  All of these were located in Southern California. The results from the 
California homes showed that their indoor use was very similar to that of the other study homes.  
The average indoor water use was approximately 177 gallons per household per day and the per 
capita use of approximately 70 gpcd for indoor uses.  
 

                                                 
1 Mayer, P. W., DeOreo, W. B., Opitz, E. M., Kiefer, J. C., Davis, W. Y., Dziegielewski, B., and Nelson, J. O. 
(1999). "Residential End Uses of Water." American Water Works Association Research Foundation, Denver. 
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In 2004 a group of California water agencies, led by Irvine Ranch Water District, submitted an 
application to the California Department of Water Resources to fund an update and expansion of 
the REUWS study that would be conducted totally within the State of California.  This proposal 
was accepted for full funding by the DWR in the spring of 2005.  Data collection began on the 
project during the fall of 2006 and was completed by the fall of 2008. Analysis continued 
through 2009 and the project report was published in June of 2010. An extensive review process 
was undertaken after the draft report was delivered.  
 
For purposes of identifying this study and distinguishing it from the other preceding studies it 
shall be referred to as the California Single-Family Water Use Efficiency Study, or just the 
California Single-Family Water Use Study.  

Goals of Project 
The overall goal of this project was to provide detailed water use data on a new statewide sample 
of single-family homes in order to provide an updated snapshot of their water use patterns. This 
would provide an updated benchmark for their water use efficiency, a comparison of their status 
with respect to the use patterns from both the REUWS and from various studies of high-
efficiency homes, such as the EPA Retrofit Study, which yielded a gauge of how much untapped 
water conservation potential exists in this major category of customers.  
 
Single-family homes represent the largest single category of water users for most water utilities.  
There is a considerable amount of knowledge about household water use that allows one to 
establish efficiency benchmarks for single-family homes and compare the water use from a given 
sample in order to assess where the existing use falls within the efficiency continuum.  This 
project was designed to collect data on the end uses of water in California single-family 
customers as of ~2007, to assess how efficiently this water is being used, and to determine what 
potential remains for water savings in homes across the state. 
 
The proposal submitted to the California Department of Water Resources in 2004 identified eight 
specific goals for the project: 
 

 To provide information on current indoor and outdoor single-family water use 
efficiencies as a benchmark for current conditions and to evaluate future efficiency 
programs. 

 To provide a basis for estimating remaining conservation potential in single-family 
homes throughout the State. 

 To provide information on the current market penetration of water efficient fixtures and 
appliances in single-family homes. 

 To provide information on the rate of adoption of water efficient fixtures and appliances 
by California homeowners. 

 To provide information in how well the BMPs adopted as part of the 1991 memorandum 
of understanding have been adopted and how much water savings can be attributed to 
these efforts. 

 To provide baseline demand data for future studies. 
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 To provide information that can be used by California water agencies in updating their 
Urban Water Management Plans. 

 To provide guidance for allocation of resources by identifying areas with the most 
promising conservation potential. 

Study Methodology 
In this study, random samples of single-family residential customers were chosen from water 
agencies throughout California such that the proportion of the overall sample roughly matched 
the percent of the state population served by the agencies.  These samples were selected so that 
their mean and median annual water use matched the populations from which they were drawn at 
the 95% confidence level.  Water billing data were obtained for the sample homes and aerial 
photos were obtained for each.  Each home was surveyed and visited so that a data logger could 
be installed and the landscape could be checked against the aerial photos. Flow trace data were 
obtained for two-week periods from each home, and these were disaggregated into end uses 
using the Trace Wizard program. A database of end uses was created which allowed detailed 
analyses of end use patterns, penetration rates of high-efficiency fixtures and appliances and 
outdoor uses as both volumes and percentages of theoretical irrigation requirements. 
Mathematical models were developed for indoor and outdoor water use, which obtained data 
from the water events database and surveys to search for factors that best explain water use. 
Conclusions were made and statewide implications were discussed based on the findings of the 
study. Chapter 5 provides a complete description of the study methodology. 

Sources of Error 
There are two types of errors to which a study such as this is subject: random errors and 
systematic errors.  Random errors reduce the accuracy of the results, but they do not change the 
basic conclusions of the study.  If random errors are large enough, they make it impossible to 
detect trends in the data and to develop meaningful relationships, but if they are not too large the 
underlying relationships in the data are evident.  Systematic errors are more malignant, however, 
in that they create an overall bias in the results that may lead to drawing erroneous conclusions. 
 
Examples of random errors are numerous.  One common random error in the flow trace analysis 
would be for events to get mis-categorized.  In a data set containing literally millions of records, 
one would always expect to have a certain number of events mis-categorized.  The program may 
identify a faucet event that looks like a toilet flush as a toilet, even though the actual event 
occurred when someone used a bathtub faucet to fill up a 1.5 gallon watering can.  On the other 
hand, toilets may sometimes flush in a manner that appears to be a faucet, so the reverse situation 
can occur.  Small leaks and faucet events can be confusing.  Some faucet events may be 
classified as leaks and vice versa, and there may be some devices, such as evaporative coolers or 
reverse osmosis systems that can be confused with leaks.  In these cases some of the evaporative 
cooler events may be classified as leaks and some leaks may get classified as evaporative 
coolers. A situation where all of the events get misclassified is highly unlikely to occur.  In this 
way, random errors tend to cancel each other out.   
 
Another example of random errors is how irrigated areas are identified on aerial photos.  Photos 
for the study were obtained from different sources and taken on different dates.  Determining the 
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boundaries and plant types of the landscape sub-area can be influenced by shadows, time of year, 
condition of the plants, and resolution and spectral bandwidth of the photo.  Two analysts 
working with photos from different dates would never come up with the same results.  But if the 
errors are random in nature the overall variance between the two analyses should be small.  An 
example of this would be the irrigated area analysis of the 12 homes in the Helix Water District 
system.  The agency checked the irrigated area on the lots independently from Aquacraft.  While 
there were some significant variations in results on individual lots, overall the results agreed 
within 5% of each other.  The Helix analysis showed a total irrigated area of 71, 257 sf and the 
Aquacraft analysis showed a total of 67,603 sf.  The difference of 3654 sf amounted to 5% of the 
original estimate by Aquacraft.   
 
The breakdown of annual water consumption into indoor and outdoor use is another area of 
random error. In this case we are attempting to estimate total annual indoor water use from a 
combination of billing and flow trace data so that we can subtract annual indoor water use from 
total annual use and derive outdoor use.  This is a necessary step since the vast majority of 
single-family homes have a single water meter through which both indoor and outdoor water 
flows.  In many areas of California irrigation occurs on a year-round basis, so use of average 
winter consumption as a proxy for indoor use is not reliable.  In this study we used the estimate 
derived from projecting the flow trace indoor use to the year as the preferred approach, as long as 
this yields a reasonable estimate.  Sometimes the flow trace data do not appear to be typical of 
indoor conditions.  In those cases we used either the average or minimum month use as a proxy 
for indoor use, or simply used an allowance of average indoor use to estimate outdoor use.  
Given the fact that we were dealing with a single water meter, some estimate of this type was 
needed in order to derive the indoor/outdoor water split.  In some cases the approach may result 
in underestimates of indoor use, and in others it may lead to over-estimation. 
 
The fact that there was a lag between the billing data used for the sample selection and 
determination of annual indoor use and the flow trace data used to estimate indoor use could be a 
cause of error.  We know that indoor water use tends to be fairly stable, but if there were changes 
in the occupancy of the homes between the year of the billing data and the period of the logging 
data then this would cause errors.  We tried to minimize the time between these two periods in 
order to avoid these errors to the degree possible. 
 
There are issues regarding toilets being classified as ULF or non-ULF toilets in the analysis, and 
whether the flow trace analysis correctly makes this determination.  As discussed in more detail 
in the body of the report, the flow trace analysis merely shows the volume of the toilet flush.  
The flow trace analysis shows how the toilet is performing, and not the actual model of the 
device.  Many flushes recorded in the dataset may fall outside the 2.2 gallon per flush limit we 
used as the separation point for individual toilet flushes that are from ULF model toilets. Toilets 
flushing between 2.2 and 3.3 gpf are in the gray area where we cannot say whether they are 
poorly functioning ULF models or standard toilets that have been modified.  The data point out 
an important issue with the toilet retrofit program in that if many of the toilets that are installed 
are technically ULF designs, but they fail to flush at ULF standards then this would be a 
problem.  In our study, these toilets do not get classified as ULF toilets, even though they may be 
ULF designs. 
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The report includes data from the EPA New Home Study, which shows a distribution of toilet 
flush volumes from a group of homes known to contain almost exclusively ULF design toilets.  
Having a distribution of actual ULF flush volumes made it possible to make a much more 
accurate estimation of the percent of flushes that are due to malfunctioning ULF toilets versus 
high volume toilets.  This discussion is provided in Chapter 7. 
 
Systematic errors occur when a condition occurs that affects the entire dataset.  These types of 
errors can cause serious distortions in the data and can lead to erroneous conclusions.  An 
example of a systematic error would be a water meter that recorded the wrong volume of water.  
In a case like this the logged volume would match the register volume, but both would be off 
from the actual use.  If the error was large it would probably make the trace file be discarded as 
unreasonable, but if it was off by 10 or 20% the data might be accepted and analyzed as correct.  
In that case, all of the events in that trace file would be either too large or too small.  Water 
meters failing to record very small leaks would be another example of systematic errors. Taking 
this a step further, if this error only occurred in a single meter, it would not be a serious problem, 
but if it occurred in all meters the entire study would be distorted.   
 
It is possible that some water treatment systems may give the appearance of leakage, and cause 
all of the treatment events to be classified as leaks. We know of at least one case where a house 
may have had a full-time reverse osmosis system in place.  If this was operated on a 24-hour, 7 
day per week basis, it could have caused that house to be accounted as having a very large leak, 
when it was actually a very large amount of water flowing down the drain as RO reject water.  It 
is difficult to think of another device that might reasonably cause this type of situation, and also 
why water being wasted as part of a water treatment process should not be classified along with 
leaks. Further study of leaks and continuous uses would help clarify this situation. 
 
For aerial photo analyses if there was a scaling error in the photo that affected all of the lots or if 
the time of year that the photo was taken made it impossible to correctly identify the irrigated 
areas, then there could be systematic errors in irrigated area determinations.  The Irvine  
Ranch Water District analyzed the irrigated areas of the 102 lots included in the outdoor portion 
of this study. Their analysis showed irrigated areas averaging 32% more than the Aquacraft 
analysis.  This suggests that there might have been some sort of systematic difference between 
the two photos.   After reviewing and confirming the IRWD results, the IRWD irrigated areas 
were re-analyzed by Aquacraft using new photos supplied by the District. 
 
An opposite problem occurred in East Bay MUD. The District did an independent analysis of the 
irrigated areas and determined that Aquacraft had over-estimated the areas by counting parcels of 
native trees, and dry turf areas as irrigated, when in fact they are not.  Aquacraft reassessed the 
irrigated areas for EBMUD and recalculated the results using the updated areas.  Details of these 
analyses are provided in Appendix E. 
  



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 47 

 

CHAPTER 3 –LITERATURE REVIEW 
 
The water demands of the single-family residential sector are of great interest and importance to 
water providers, planners, and conservation professionals.  The scientific study of these demands 
has been underway for many years, but only in the past 20 years have data sets from large 
random samples of residential customers in cities across the U.S. been assembled.  Since the 
publication of the Residential End Uses of Water study, interest in residential water use around 
the world has grown and significant end use studies have now been undertaken in Australia, 
Great Britain, Spain, New Zealand, Cyprus, Jordan, and many other countries. 
 
Historically there have been a number of research studies that have attempted to measure how 
much water is devoted to the main residential end uses and to determine the key factors that 
affect the end use patterns. Billing data analysis, customer interviews, home audits, retrofit 
studies, and more recently data-logging, are among the tools that have been used by utilities to 
evaluate customer demands and estimate the effectiveness of conservation measures. As noted 
by Dr. Thomas Chesnutt, ―Conserved water cannot be counted on as a reliable water source if 
water managers lack a good estimate of potential savings. Hence evaluation is a crucial 
component of any conservation program. The use of water conservation estimates in regulatory 
decision-making processes makes accurate evaluations even more important.‖

2 
 
In 1940 Roy B. Hunter developed some of the earliest peak demand profiles – known as Hunter 
curves – used for sizing meters and service lines.  Hunter relied on knowledge of the water uses 
within a given structure, their peak demands, the theoretical estimates of the frequency of use, 
and the probability of simultaneous use to derive estimates of the peak instantaneous demands 
for water in buildings. This approach grossly over-estimated the peak demands in most buildings 
because he lacked accurate information on the probabilities of multiple and simultaneous uses of 
fixtures within the buildings.3 
 
Knowledge of demand patterns is interwoven with an understanding of the end uses of water. 
According to the American Water Works Association (AWWA) Technical Manual M22: 
―Demand profiles help to identify service size requirements, clarify meter maintenance 
requirements, define water use characteristics for conservation programs, assist in leakage 
management, enhance customer satisfaction and awareness, improve hydraulic models, and 
establish equitable and justifiable rate structures. Additionally, with increased water scarcity and 
cost of water, conservation and loss control have become important industry issues. For many 
utilities water conservation and water loss control have become the most cost-effective means to 
improve water resource availability.‖

4   
 
                                                 
2 Chesnutt, T.W., C.N. McSpadden, 1991. Improving the Evaluation of Water Conservation Programs, Santa 

Monica, CA. 
3 Hunter, R 1940. ―Methods of Estimating Loads in Plumbing Systems.‖ National Bureau of Standards, Washington, 

D.C. 
4 AWWA, 2004. Sizing Water Service Lines and Meters 2nd Edition, Denver, CO. 
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The importance of flow profiles (i.e. high resolution time series flow rates that allow individual 
uses to be identified) was recognized for accurate analysis of end uses of water. By the mid-
1970s advances in portable data loggers allowed actual demand data to be collected from the 
customer water meter using mechanical loggers and circular chart recorders.  While 
cumbersome, these data allowed actual peak demand information to be collected from meters 
serving specific customers, whose size and other characteristics were known.  The 1975 version 
of the M22 manual used data from these empirical observations to replace the original Hunter 
curves that were used to estimate peak demands.5 
 
Increased attention on demand management created the need to evaluate the effectiveness of 
various conservation programs and verify savings estimates made at the time of their inception. 
During the 1980s it was becoming increasingly clear that water conservation offered an 
economic way to reduce urban water demands, thus reducing the need for continued new water 
supply projects, which were becoming both more expensive and more difficult to find. In 
1981the AWWA published one of the first books on water conservation6, and in 1984 Brown and 
Caldwell published one of the first detailed efforts at measuring end uses of water in residential 
structures by instrumentation7. This national study of 200 homes in nine cities provided better 
estimates of potential savings from conservation efforts on residential demands than had been 
available previously. ―Although testing has established water use for residential plumbing 
fixtures and water conservation devices under laboratory conditions, estimates of water and 
energy savings with reduced-flow fixtures and devices have been based upon very different 
assumptions regarding typical duration of fixture use, flow rate, temperature, and frequency of 
use. As a result, estimated savings found in the literature for water-saving fixtures and devices 
span a range of nearly 300 percent.‖8   
 
Although the Brown and Caldwell study measured actual use, which resulted in significant 
improvement in estimating end use patterns and potential savings, the results were limited by the 
fact that participation in this study was voluntary. In addition, the equipment required 
considerable intrusion into the normal operation of the homes. Of significance was the finding 
that water savings from retrofits did occur, but in many cases the actual savings were less than 
those predicted from theoretical calculations. The variance of actual water savings from theory 
can be due to a number of factors: mis-estimation of actual volumes used by the old and new 
devices, behavior of the occupants may vary from predicted behavior, frequencies of use may 
vary, modification or removal of conservation devices might also have occurred over the course 
of the three year study period.  In addition, the data in this study suggested some of the savings 
found initially tended to decrease with time.  All of this highlighted the importance of having 
accurate and unobtrusive ways to measure the actual water use of conservation devices and water 
savings rather than relying on theoretical predictions. 
 
                                                 
5 AWWA, 1975. Sizing Water Service Lines and Meters, Denver, CO. 
6 AWWA, 1981. Water Conservation Management. AWWA, Denver, CO. 
7 Brown & Caldwell, 1984. Residential Water Conservation Projects---Summary Report. HUD-PDR-903, 

Washington, D.C. 
8 Brown & Caldwell, 1984. Residential Water Conservation Projects---Summary Report. HUD-PDR-903, 

Washington, D.C. 
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In 1991 the Stevens Institute of Technology published a study on the water conservation program 
in East Bay MUD.9 This study involved a much more extensive data collection effort on 
residential end uses, but again, one that relied on individual sensors and loggers placed on 
targeted fixtures and appliances. While the data were useful for evaluation of the conservation 
program, the process was cumbersome. The Stevens Institute study showed that having 
residential water use broken down into end uses greatly increased the accuracy of water savings 
measurements.  The disaggregated use data segregated water use by end use.  This prevented 
changes in use in one category during the study from masking the effects of a program for 
another category.  For example, if a toilet retrofit study was being evaluated but unrelated 
leakage occurred, this could mask the savings associated with the toilet program.  Disaggregating 
data prevented this from happening.  Also, having disaggregated data reduced the inherent 
variability in the water use for each category.  This greatly reduced the noise of the 
measurements and allowed smaller changes to be accurately detected with less data. 
 
A significant step in the process of evaluating the real impact of retrofits on residential water use 
was the study done by Anderson et al in Tampa.10 In this study what the authors referred to ―an 
extensive array of electronic water meters, pressure transducers, and event counters‖ that were 
installed on 25 homes in Tampa, Florida.  Water use data were monitored for 30 days at which 
point the toilets and showers were replaced, and the process was repeated.  The authors pointed 
out that this type of data was necessary to account for the way the residents behaved.  For 
example, if they flushed their new toilets more, or took longer showers, then the actual water 
savings would be much reduced from the theoretical savings calculated from product flow and 
volume data. Using this technique, the authors measured an actual reduction in water use in the 
homes of 7.9 gpcd, or 15.6% savings.  This was less than the predicted savings, which they 
concluded was due to increases in other water use in the homes.   
 
The development of data loggers provided utilities and researchers with an effective tool for 
examining and measuring both daily and peak demand. The data loggers could be installed on 
residential water meters without requiring access to the home and were significantly less 
intrusive then previous methods.  
 
In 1993 a study of the feasibility of using a single data logger attached to the customer water 
meter was begun in the Heatherwood neighborhood of Boulder, Colorado.  In this study event 
loggers wired to Hall effect sensors were attached to the customers‘ water meters.  The sensors 
recorded the passage of the magnets used to couple the meter to the register as water flowed.  
The design of the meter and magnetic coupling provided approximately 80 magnetic pulses per 
gallon of flow.  At a ten second recording interval the data logger produced a record of water 
flows (a flow trace) of sufficient accuracy to allow all of the major end uses of water in the home 
to be identified through visual inspection. The results of this study were published in 1996.11 

                                                 
9 Aher, A., A. Chouthai, L. Chandrasekhar, W. Corpening, L. Russ and B. Vijapur, 1991. East Bay Municipal Utility 

District Water Conservation Study, Oakland, CA.  
10 Anderson, D. L., D. Mulville-Friel, and W.L. Nero. 1993. "The Impact of Water Conserving Fixtures on 

Residential Water Use Characteristics in Tampa, Florida." Proceeding of Conserve93. 
11 DeOreo, W. 1996. "Disaggregating Residential Water Use Through Flow Trace Analysis." Journal American 

Water Works Association, January 1996. 
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This technique was used to disaggregate the water use in a sample of 16 homes for a baseline 
analysis.  These homes were later retrofit with high-efficiency fixtures and appliances and the 
process was repeated, which provided data on the water savings attributable to residential 
retrofits. 12 
 
In 1996 the AWWARF13 funded a detailed and comprehensive study of water use patterns in 
single-family customers in North America using data loggers.14 The study was called the 
Residential End Uses of Water Study, or REUWS, and was sponsored jointly by 12 water 
agencies in the U.S. and Canada. It provided detailed information on the end uses of water in 
residential settings and developed predictive models to forecast residential water demand. Prior 
to this study, utilities relied largely on theoretical calculations to predict baseline end uses and 
the water savings of conservation programs. The participants for the REUWS were selected from 
the residential customer base of 12 utilities across North America and ―the predictive models 
developed as part of this study to forecast indoor demand significantly increase the confidence in 
explaining the water use variations observed. The major benefit of modeling is to provide a 
predictive tool with a high transfer value for use by other utilities.‖ (Aquacraft)  
 
The predictive value of any tool is only as good as its ability to provide an accurate assessment 
of the data. As with any new data measurement technology, questions have been raised as to the 
accuracy and reliability of data-loggers to measure volumetric end uses15. Brainard data-loggers 
record analog data directly from the customer‘s water meter which is then evaluated graphically 
in Trace Wizard©, a proprietary software program developed by Aquacraft. The results from an 
independent study in 2004 showed that discrete toilet events can be accurately quantified at the 
95% confidence level plus or minus 3% of the mean volume16. Although extremely accurate for 
isolated events, early versions of the Trace Wizard program was limited in its ability to 
disaggregate simultaneous end use events without accessing the original database – a 
cumbersome and time consuming process. Improvements to the software, however, eliminated 
the difficulty of disaggregation and provided a powerful tool for analyzing residential end uses.17   
 
In 2001 an engineering report was published by the Water Corporation of Western Australia in 
which data collected from 600 in-home surveys was used to validate end use data collected using 
flow trace analyses in a separate 120 home study. The study showed that the flow trace analysis 
was capable of determining the percent of showers, toilets and clothes washers falling into 
normal and high-efficiency categories, and these results were confirmed by the in-home audits. 
Studies of this kind, that combine both flow trace analysis and in-home audits,  provide excellent 

                                                 
12 DeOreo, W. (2001). "Retrofit Realities." Journal American Water Works Association, March 2001. 
13 The American Water Works Association Research Foundation, now known as the Water Research Foundation 

(WRF). 
14 The REUWS was, for its time, the most detailed study of single-familyresidential end uses of water that had been 

conducted in the U.S. 
15 Koeller, J. & Gauley, W., 2004. Effectiveness of Data Logging Residential Water Meters to Identify and Quantify 

Toilet Flush Volumes: A Pilot Study, Los Angeles. 
16 Ibid. 
17 Also, it should be kept in mind that Trace Wizard is no more accurate than the water meter used to provide the 

data. 
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validation of the flow trace technique for measuring both the volumes used by individual end 
uses and the efficiency levels of the fixtures and appliance found in the homes. 
 
Three studies in Yarra Valley, Australia showed the benefits of data-logging, when compared to 
surveys, as a tool for developing predictive models that were both accurate and more cost 
effective than other data collection methodologies. The first of these studies, the 1999 
Residential Forecasting Study18, involved a telephone survey of 1,000 Yarra Valley Water 
single-family customers. It provided detailed information on customer water use patterns, end 
uses, behavior, and penetration rates of conserving fixtures and appliances. One of the limitations 
of this study was the inability of customers to provide information about fixture efficiency, for 
example whether or not the home contained standard vs. efficient showerheads or 6/3 or 9/4.5 
liter toilets.   
 
The Residential Forecasting Study was followed by the Yarra Valley Water (YVW) 2003 
Appliance Stock and Usage Pattern Survey (ASUPS) that was designed to address these issues. 
In-home surveys were performed by a team of trained technicians who obtained detailed 
customer information as well as flow data and verification of the penetration of efficient 
appliances in 840 homes. ―These types of surveys are expensive and they are always at risk of 
yielding non-representative samples due to disproportionate refusal rates by certain segments of 
the residential population. Furthermore, these surveys provide only limited information about 
things like the rate at which water-wasting plumbing devices are replaced by their water-
conserving alternatives.‖

19 
 
One hundred of the 840 homes in YVW were selected to participate in The Residential End Use 
Measurement Study in 200420. In this study data loggers were used to disaggregate the indoor 
use in the home following the same approach as in the Heatherwood and REUWS studies.  The 
results of the 100 home data logged group were compared to the in-home surveys and showed 
remarkable consistency with data that had been acquired by technicians during the ASUPS. The 
data logging study also provided information about leakage, fixture replacement, and behavior 
that was not yielded by a survey. Data-loggers were installed for two two-week periods in each 
of the homes in order to capture both indoor and irrigation usage. According to the authors, ―The 
findings from REUWS have enabled Yarra Valley Water to establish a robust end use modeling 
capability. In addition the end use measurement has also enabled more informed design and 
assessment of various demand management programs and provided a valuable data set from 
which to provide customers with informative usage data via their quarterly account statement.‖21  
 
As the value of the data-logging technology became apparent, the EPA funded three residential 
water conservation studies over a three-year period, from 2000 to 2003. These studies provided 
important information on the effectiveness of water conserving fixtures and appliances in 
reducing indoor water use. Baseline water use data were collected from a sample of 96 homes in 

                                                 
18 Residential Forecasting Study 1999 was a telephone survey of 1000 Yarra Valley Water customers. The survey 

conducted by AC Nielsen with Peter Roberts, Demand Forecasting Manager for Yarra Valley Water.  
19 Ibid. 
20 Roberts, P., 2005. Yarra Valley Water 2004 Residential End Use Measurement Study, Melbourne. 
21 Ibid. 
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Seattle, Tampa, and East Bay Municipal Utility District in California that provided information 
on household and per capita usage of toilets, showers, clothes washers, dishwashers, faucet use, 
leakage, and other indoor uses. These same homes were then retrofitted with conserving toilets, 
clothes washers, showerheads, faucet aerators, and hands free faucet controllers; six months later 
household and per capita use of the various end uses was again examined. The results of the 
studies clearly showed the ability to achieve significant reduction in household water use with 
the installation of water conserving fixtures and appliances. Average daily household indoor use 
was reduced by 39% from 175 gpd to 107 gpd in the homes that were retrofitted with conserving 
fixtures and appliances. These studies were important in setting benchmarks for water use with 
best available technology22 and provided a tool with which utilities could gauge their progress in 
achieving long-term water savings.  
 
The participants in the EPA residential conservation studies were customers located in three 
water agencies spread across the United States. Because the participants were volunteers and not 
selected at random, the study data did not provide information on penetration rates of water using 
fixtures and appliances that could be generalized to their respective populations. There has also 
been concern about degradation in savings over time, particularly from toilets. As one of the 
most consumptive indoor uses, toilets have been the subject of considerable scrutiny.  
 
In 2000, the City of Tucson participated in a data-logging study of residential customers who had 
received toilet rebates for low-consumption toilets in 1991 and 1992. The data from the 170 
study participants ―revealed that nearly half of aging low-consumption toilets had problems with 
high flush volumes, frequent double flushing, and/or flapper leaks. Data logging revealed that the 
average flush volume for all low-consumption rebate toilets was 1.98 gallons per flush, or about 
24 percent higher than 1.6 gallons per flush they were designed to use. In addition, 26.5 percent 
of households had at least one low-consumption rebate toilet with an average flush volume 
greater than 2.2 gpf23. Other studies have shown that chemical degradation of toilet flappers24 
and poorly fitting after-market toilet flappers25 have contributed to increased leakage and toilet 
volume which has contributed to the uncertainty of conservation savings.    
 
These uncertainties led California utilities to recognize the importance of having more specific 
information for their state. In 2004 a group of California water agencies, led by Irvine Ranch 
Water District26, submitted an application to the California Department of Water Resources to 
fund an update and expansion of the REUWS that would be conducted entirely within the State 
of California. The work on this study, funded by the California Department of Water Resources 
and by the participating agencies, began in 2006. 
 
                                                 
22 That is best available technology for 2000-2002. As new technologies are implemented the BAT standards will 

also shift to reflect them. These might include devices like recirculation systems, real time customer 
feedback devices, ―leak‖ detection devices, and better hands-free faucet controllers. 

23 Henderson, J. & Woodard, G., 2000. Functioning of Aging Low-Consumption Toilets in Tucson  
A Follow-up with Rebate Program Participants. Issue Paper #22, Phoenix. 
24Metropolitan Water District of Southern California. Toilet Flapper Materials Integrity Tests, 1998. 
25 Henderson, J. & Woodard, G., 2000. Functioning of Aging Low-Consumption Toilets in Tucson  
    A Follow-up with Rebate Program Participants. Issue Paper #22, Phoenix. 
26 http://www.irwd.com/. Irvine Ranch Water District. Contact: Fiona Sanchez, Conservation Manager. 

http://www.irwd.com/
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The overall goal of the California project was to provide detailed water use data on a statewide 
sample of single-family homes in order to provide a snapshot of their water use patterns updated 
to the 2006-2008 study period.  The study supplied information on the penetration rates of 
conserving fixtures and appliances that met or exceeded conservation standards as they existed 
during the study period.  In addition it provided an updated benchmark for their water use 
efficiency, a comparison of their status with respect to the demands from 1996, and a gauge of 
how much untapped water conservation potential existed in this major customer category.   
 
As a way to encourage and promote conservation, the EPA has developed WaterSense, a 
partnership program ―with interested stakeholders, such as product manufacturers, retailers, and 
water utilities.‖

27 The WaterSense program is interested in promoting cost effective products and 
technologies that are measurably more water efficient than conventional products. Products must 
be certified by an independent third party and show significant water savings without sacrificing 
performance.  
 
In order to measure the effectiveness of the WaterSense program, the EPA provided funding for 
this study, the Efficiency Benchmarking for the New Single-Family Homes, which began in 
2005.  Working with nine participating utilities28, some of which participated in the earlier 
REUWS project, this project was designed to measure both baseline water use in new homes, 
built after January 1, 2001, and to demonstrate how high-efficiency new homes, using advanced 
water efficient technologies, can reduce water use below levels sought in the 1992 National 
Energy Policy Act. 
 
One of the most precise and innovative validation studies of flow trace analysis was done by 
Magnusson in 2009 as part of a study of hot water use in single-family homes. In this study flow 
sensors were installed on individual hot water supply lines feeding all of the faucets, showers, 
dish washers and clothes washer in a test home in Boulder, CO.  Data from these monitors was 
compared to flow trace analysis performed on a single water meter on the feed line to the hot 
water system.  This allowed a comparison to be made between the volumes recorded by the flow 
trace analysis and those recorded by the supply line meters.  Volumetric errors were mainly in 
the faucet and shower category, with 17.1% and 11.1% errors respectively.  The errors for 
dishwashers and clothes washers were much smaller, at 6.5% and 7.2% respectively. 
 

                                                 
27 http://www.epa.gov/WaterSense/docs/program_guidelines508.pdf. February 2009. WaterSense Program 

Guidelines. Roles and Functions. Accessed May 1, 2009.  
28 The nine participating agencies are: Aurora, Denver, Eugene, Las Vegas, Phoenix, Roseville, Salt Lake City, St 

John‘s Regional Water Management District (SJRWM), and Tampa Bay. The purpose of this report is to 
provide an analysis of the group from which data has already been collected for future comparison and will 
be referred to as the ―standard new home study group.‖ 

http://www.epa.gov/WaterSense/docs/program_guidelines508.pdf
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CHAPTER 4 –DESCRIPTION OF PARTICIPATING 
AGENCIES 

Selection of Study Sites 
There were nine sponsoring water agencies that participated in this study.  In most cases the 
sponsoring agencies were retail providers acting on their own behalf and the study homes were 
selected from their own water customers. In some cases the agency was a wholesale provider that 
solicited participation from a number of retail providers in its service area.  Table 4 shows a list 
of the agencies and the utilities from which the logging samples were selected. This section 
provides information about each of the agencies participating in this study and includes the 
number of customers, customer characteristics, local weather data, the utility‘s water supply and 
the customer demands, water and sewer rates, and rate structures.   
 

Table 4: Sponsoring Agencies 

Sponsoring Agency Water Utilities Sampled 
Sonoma County Water 
Agency 

City of Petaluma, North Marin Water District, City of Rohnert Park, 
City of Santa Rosa 

Las Virgenes Municipal 
Water District 

LVMWD service area 

Redwood City Redwood City 
San Francisco Public 
Utilities Commission 

City of San Francisco  

City of Davis City of Davis service area 
East Bay Municipal 
Utility District (EBMUD) 

EBMUD service area 

Los Angeles Department 
of Water and Power 

Los Angeles DWP service area 

Irvine Ranch Water 
District 

City of Irvine, and portions of the cities of Costa Mesa, Lake Forest, 
Newport Beach, Orange, Tustin and unincorporated areas of  
Orange County 

San Diego County Water 
Authority 

City of San Diego, Otay Water District, Rincon del Diablo Water 
District, Sweetwater Water District, Helix Water District 

 

Demographic and Census Information 
Previous studies have shown that several demographic factors are strongly correlated with the 
amount of water used by single-family customers, the most notable being the size of the home 
and the number of residents in the home.  Other factors, while less strongly correlated, will also 
be presented for their potential use in characterizing the sample in comparison to the state as a 
whole. 
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Demographic information was obtained for each municipality from the 2000 U.S. Census.  Data 
include median age, household income and home price, education levels and percentage of 
residents living below the poverty level.   Also included is the median monthly mortgage or rent, 
the percentage of homes that are rented or owner-occupied, the median age of the homes, the 
average number of bedrooms, and the percentage of homes that were built after 1995.29  These 
results are shown in Table 5 and Table 6. 

Table 5: Comparison of Age, Education, and Income Information from U.S. Census by Study 
Site 

  

Total 
Population 

Median 
Age 

(years) 

High 
School 

Graduate 
(or higher)   

% 

College 
Graduate 

(or higher)     
% 

Median 
Household 

Income 
$ 

Percent 
Families 
Below 
Poverty 
Level % 

United States 281,421,906 35.3 80.4 24.4 41,994 12.4 

LADWP 3,694,820 31.6 66.6 25.5 36,687 9.2 

IRWD1 315,000 33.1 95.3 58.4 72,057 5.0 

SCWA 458,615 37.5 84.9 28.5 53,076 9.2 

Rohnert Park 42,236 31.5 88.0 24.7 51,942 8.0 

Petaluma 54,548 37.1 85.9 30.1 61,679 6.0 

Santa Rosa 147,595 36.2 84.2 27.6 50,931 5.1 

N. Marin2 47,630 39.6 90.5 37 63,453 5.6 

SFPUC 776,773 36.5 81.2 45.0 55,221 7.8 

EBMUD3 1,300,000 NA NA NA NA NA 

SDCWA 2,813,833 33.2 82.6 29.5 47,067 8.9 

                                                 
29 This ensures that the Energy Policy Act of 1992 was in place that requires toilet flush volumes of 1.6 gpf or less, 

showerheads with flow rates of 2.5 gpm and lavatory faucet aerators that restrict the flow to 1.25 gpm or 
less 
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Total 
Population 

Median 
Age 

(years) 

High 
School 

Graduate 
(or higher)   

% 

College 
Graduate 

(or higher)     
% 

Median 
Household 

Income 
$ 

Percent 
Families 
Below 
Poverty 
Level % 

City of Davis 60,308 25.2 96.4 68.6 42,457 5.4 

Redwood 
City 75,402 34.8 82.9 35.7 66,748 3.9 

LVMWD4 20,537 37.6 94.8 48.4 87,008 3.5 

City of San 
Diego 1,223,400 32.5 82.8 35.0 45,733 9.2 

1 Statistics for IRWD are based on the City of Irvine, not the entire service area.  
2 Statistics are given for the City of Novato.  
3 Population given for service area, Econometric statistics are not available for entire service area. 
4 Statistics are given for Agoura Hills – Agoura Hills has the largest population of the 4 cities served by Las 
Virgenes. 
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Table 6: Comparison of Housing Information from U.S. Census by Study Site 

1 Statistics for IRWD are based on the City of Irvine, not the entire service area.  
2 Statistics for North Marin WD are based on the City of Novato, not the entire service area.  
3 Population given for EBMUD service area, Econometric statistics are not available for entire service area. 
4 Population given for LVMWD service area. Econometric statistics are given only for Agoura Hills. 

 

Median 
Housing 

Value 

Number of 
Occupied 
Housing 

Units 

Percent 
Owner-

Occupied 
Housing 

Units 

Household 
Size - 
Owner 

Occupied 

Household 
Size - 
Rental 

Number 
of 

Bedrooms 
- Owner 

Occupied 

Number of 
Bedrooms 
- Rental 

Median 
Year 

Structure 
Built - 
Owner 

Occupied 

Percent of 
Homes Built 
1995-2000 

Owner 
Occupied 

Median Year 
Structure 

Built - Renter 
Occupied 

Percent of 
Homes 

Built 1995-
2000 Renter 

Occupied 

Monthly 
Average 

Mortgage 

Average 
Rent 

United States $119,600 55,212,108 68.7% 2.69 2.4 3.0 1.8 1971 11% 1965 6.4 $1,088 $519 

LADWP $221,600 1,275,412 38.6% 2.99 2.73 2.7 1.2 1956 0.4 1964 0.5 $1,598 $612 

IRWD1 $316,800 53,711 60.0% 2.78 2.46 3.1 1.8 1980 16.1 1985 16.1 $1,897 $1,177 

SCWA $273,200 172,403 64.1% 2.61 2.57 2.9 1.9 1975 8.0 1973 5.5 $1,561 $789 

Rohnert Park $237,300 15,502 58.4% 2.83 2.40 3.1 1.8 1979 5.8 1980 6.2 $1,520 $841 

Petaluma $289,500 19,932 70.1% 2.75 2.59 3.2 2 1976 11.3 1972 6 $1,622 $870 

Santa Rosa $245,000 56,036 48.5% 2.56 2.57 2.9 1.8 1976 8.5 1974 4.8 $1,490 $862 

N. Marin2 $381,400 12,512 67.5% 2.5 2.56 3.2 1.9 1971 3.0 1974 0.6 $1,970 $1,093 

SFPUC $396,400 329,700 35.0% 2.73 2.06 2.5 1.3 1940 2.5 1941 1.8 $1,886 $883 

EBMUD3 $235,500 62,489 44.0% 2.76 2.49 2.6 1.3 1943 2.7 1955 1.8 $1,504 $631 

SDCWA $227,200 994,677 55.4% 2.78 2.68 3.0 1.7 1975 8.1 1974 4.0 $1,541 $710 

City of Davis $238,500 22,948 44.6% 2.64 2.39 3.3 1.9 1978 18.5 1976 8.3 $1,547 $775 

Redwood City $517,800 28,060 53.0% 2.61 2.63 2.8 1.5 1959 9.4 1965 4.1 $2,351 $1,014 

LVMWD4 $366,600 5,399 85.7% 3.05 2.64 3.6 2.3 1980 0.6 1977 1.5 $2,138 $1,153 

SDWD $233,100 450,691 49.5% 2.71 2.52 2.9 1.6 1972 6.7 1972 4.5 $1,546 $714 
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Climate 
Although it is well known by professionals in the landscape and irrigation industry that local 
weather data affects the amount of water needed for healthy landscapes, it is less clear if 
homeowners are aware of these effects.  It is even less clear whether homeowners respond to the 
changing water demands in their landscape by increasing or decreasing the application of water 
in response to changes in weather.   
 
Reference evapotranspiration (ETo) is the industry standard for determining irrigation 
requirements.  It measures the moisture lost from a reference crop (normally cool season grass 
for urban purposes) and the soil due to temperature, solar radiation, wind speed, and relative 
humidity. Precipitation is not included in the measurement of Eto, although it does affect several 
of the parameters in the ET equation such as solar radiation and relative humidity.  The 
California Department of Water Resources (DWR) manages a network of over 120 weather 
stations through their California Irrigation Management Information System (CIMIS) located 
throughout the state of California in an effort to make this information available to landscapers, 
irrigators, and homeowners. 
 
 As part of the analysis of water use for this study, Aquacraft disaggregated indoor and outdoor 
usage for each of the study homes, and determined the irrigable and irrigated area for each lot30. 
Both the theoretical irrigation requirements and the actual outdoor use were determined.  In most 
cases determination of irrigated areas was clear from the aerial photos and visual inspection.  In a 
few large lots built into native forest areas we relied on seeing a distinct difference in plant 
materials between the native land and the landscape parcel in order to decide that the area was 
being irrigated.  Lands that had the same appearance as the surrounding native lands were 
generally classified as non-irrigated land. 

Customer Base 
Each utility supplied the number of customer connections to the municipal water supply in each 
of several sectors that typically include single family, multi-family, commercial, industrial, 
irrigation, and other.  There is considerable variation in the make-up of the customer base from 
one municipality to the next.  For example, in the City of San Diego only 38% of the customer 
base consists of single-family accounts whereas in North Marin Water District fully 90% of the 
customer base is single-family accounts.  Knowing both the percentage of accounts that are 
residential and the percentage of the overall demand placed on the system by residential 
customers is one more tool available to water providers for water resource planning and water 
conservation. 

Water Supply and Demand 
As California‘s population continues to grow, it is often difficult to keep up with the increased 
demand for potable water. Water providers are continually looking for ways to reduce demand.  
Providing information on the water supply for each municipality helps to show the extent to 
                                                 
30 The landscapes were divided into areas of turf, non-turf plants and trees, low water use plants and non-irrigated 

land.  The latter category was not included as part of irrigated area. 
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which each municipality is vulnerable to increased demand on the system from a number of 
factors such as rapid growth, drought, limited supply, or limited supply sources.  The annual 
demand placed on the supply by various customer sectors is included in this section. Where 
available, the demand for 2000 and 2005 is given, making it possible to see if overall demand 
has increased or decreased and in what sectors the change has occurred.  

Water Rates, Rate Structure and Sewer Charges 
The water and sewer rates, rate structure, and billing frequency were provided for each utility for 
the study period.  Some of these have been modified since that time.  Although most water 
providers use bi-monthly billing, there are others, such as the City of San Diego and IRWD, 
which send monthly bills.  The billing unit used by most utilities is HCF or CCF (one hundred 
cubic feet or 748 gallons).   
 
There are typically two charges for water – a base rate and a commodity charge.  During the 
study period the base rate ranged from a low of $4.60 per month ($55.20 annually) in San 
Francisco to a high of $15.87 per month ($190.44 annually) in the City of San Diego.  There was 
also considerable variation in commodity charges and rate structures.  For example, San 
Francisco Public Utilities Commission charged a uniform rate of $1.71 per CCF while the IRWD 
has a five-tiered water-budget-based rate structure, with the cost per CCF ranging from $0.88 for 
Tier 1 to $7.04 for Tier 5. 
   
Sewer rates varied considerably as well and most utilities charge a flat monthly or bi-monthly 
rate for sewer service.  Irvine Ranch Water District charges the majority of its single-family 
customers a flat rate of $10 per month based on an annual review of sewer use, while Rohnert 
Park in Sonoma County charges a base rate of $1.35 per month plus $9.15 per thousand gallons.  
Because irrigation water does not place a demand on the wastewater system, several utilities 
charge a commodity fee that is based on the customer‘s average winter consumption.  An 
example of this type of rate structure is in the City of San Diego, where customers are charged a 
monthly service fee of $11.32 plus a commodity charge of $3.218 per CCF based on average 
winter consumption.    

Conservation 
All of the study participants are signatories to the California Urban Water Conservation 
Council‘s Memorandum of Understanding (MOU).  ―Signatories of the Council's Memorandum 
of Understanding agree to meet certain requirements to achieve full implementation of the 
BMPs. These coverage requirements may be expressed either in terms of activity levels by water 
suppliers or as water savings achieved.‖31 
 
The Memorandum of Understanding Regarding Urban Water Conservation in California was 
first adopted in 1991. Signatories to the MOU recognized the importance of maintaining a 
reliable water supply for uses as varied as agriculture, environmental protection, and urban 
demand. As demand for this finite resource increases, so does the need to develop conservation 

                                                 
31 http://bmp.cuwcc.org/bmp/read_only/home.lasso?rui=5021. Best Management Practices Report Filing. California 

Urban Water Conservation Council. Accessed January 20, 2010.  

http://bmp.cuwcc.org/bmp/read_only/home.lasso?rui=5021
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measures or best management practices (BMPs) that would give water providers tools that are 
economically feasible to implement. Water conserved through these measures can be used to 
offset increased demand as well as provide long-term protection of both urban water supply and 
the environment.  Implementation of the BMPs serves ―to expedite implementation of reasonable 
water conservation measures in urban areas; and (  ) to establish assumptions for use in 
calculating estimates of reliable future water conservation savings resulting from proven and 
reasonable conservation measures.‖

32  
 
Since its adoption in 1991 the MOU has been amended numerous times and substantially revised 
in September 2007. The BMPs developed for the MOU provide utilities with a guideline for 
implementing each BMP while recognizing that utilities may develop their own method of 
implementation that is at least as effective as those laid out in the BMPs. Also defined in the 
MOU is a schedule of implementation, expected level and progress of implementation, reporting 
requirements and estimates of reliable savings. The feasibility and efficacy of the BMPs are 
assessed by the CUWCC on a periodic basis. 

Detailed Information on Each Participating Utility 
Appendix B includes a detailed description of the water supply and conservation strategy of each 
participating agency in this study.  In that appendix readers will find: 
 
 Demographic information from the U.S. Census and other sources, specific to the utility 

service area 
 Climate and ET information 
 Customer base description and statistics 
 Water supply and demand statistics 
 Rate structure and water and sewer commodity charges and service fees 
 Conservation program information

                                                 
32 http://www.cuwcc.org/WorkArea/showcontent.aspx?id=8540. Memorandum of Understanding Regarding Urban 

Water Conservation.  Terms. Section 2. Purposes. Accessed January 20, 2010. 

http://www.cuwcc.org/WorkArea/showcontent.aspx?id=8540


   
 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 61 

 

CHAPTER 5 – RESEARCH METHODS 
 
The procedures for sample selection were designed to ensure that the sample was representative 
of the residential customer base as a whole. Sample selection was designed to minimize the 
possibility of selection bias by choosing customers randomly from the single-family customer 
base in each participating agency. Billing data for the sample population were compared to and 
matched with the billing data of the single-family population as a whole for the period of the 
study.  The analysis of water efficiencies discussed in this report is based on performance criteria 
rather than identification of specific makes and models of fixtures and appliances.  The intent 
was to determine at what level of efficiency the homes were operating rather than what models 
of toilets and appliances they had.  From the standpoint of judging water conservation 
effectiveness this is the relevant parameter.  From the standpoint of knowing models it begs 
several key questions.  For example, in the results section of the report there are histograms that 
show toilet flushing volumes. Toilets that are flushing at 2.2 gpf or less are considered efficient, 
but some of these may be high volume toilets that have been modified to flush at lower volumes.  
In addition, toilets that are flushing at 3.5 gallons may include an indeterminate number of mal-
functioning ULF type toilets.  ULF toilets that are flushing at more than 2.2 gpf would be 
counted as high volume or high water use toilets in this analysis. 

Overall Study Organization 
Figure 10 shows how the overall project was organized and how the various elements tied 
together.  The study began with collection of single-family billing data for each of the study 
sites, for the period from 2005 through 2007.  Statistical analyses were then performed on the 
billing information to provide summaries of annual and seasonal use patterns and to provide 
sample frames for surveying and the selection of study homes for data logging.  Representative 
samples of homes were selected from the billing data on the basis of annual water use, and each 
of these homes was then the subject for data logging during the period from 2006 through 2008, 
to allow for disaggregation of uses, and GIS analysis, to determine landscape characteristics.  
The Trace Wizard analysis provided disaggregated water use during the two-week data logging 
period.  The end use data from this was combined with billing information to generate estimates 
of indoor and outdoor annual use and gallons per day for individual indoor uses.  Outdoor use 
was estimated as the annual use from the billing data minus the best estimate of annual indoor 
water use, taken primarily from the flow trace analysis, but occasionally from the minimum 
month billed consumption. 
 
The indoor and outdoor end use data were combined with data from the surveys and flow trace 
analysis in order to generate regression models.  These models showed which of the data factors 
collected for the study were significant in predicting indoor and outdoor household water use, 
and how household use varied with each.  These models were then used to predict the impact of 
changing household characteristics on water use, which allowed estimates of water savings from 
various demand management strategies to be tested.  The report provides a set of conclusions and 
recommendations. 
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Figure 10: Project flow chart 
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Solicitation of Agencies 
Because the goal of the sampling was to match the sample to the population by county, the 
solicitation process began with county population data for the most populous counties in the 
State, which are shown in Table 7.   The goal of the selection process was to obtain participating 
agencies within these counties such that each county was represented in proportion to that 
county‘s percentage of the state population, to the extent practical.  The results are shown in 
Table 7.  Results on a county-by-county basis were mixed, but on a regional level the sample 
mix was fairly good.  A total of 46% of the state population is found in Los Angeles, Orange, 
and San Diego Counties, and 45% of the study sample was located in those counties.  The 
remainder of the sample was located in the San Francisco Bay and Sacramento areas.  Given the 
fact that participation in the study was purely voluntary, we consider the sample mix to be a very 
acceptable working group containing a good mix of demographic, economic, and climate 
characteristics. 

Selection of Samples 
Each of the participating agencies provided the research team with a full year of monthly or bi-
monthly water consumption data for their single-family customers.  These lists were then 
trimmed to eliminate any customers with less than a full year of consumption data, or with very 
small or very large consumption.  The remaining records were then sorted from lowest to highest 
annual consumption and divided into groups according to how many homes were desired in the 
sample.  For example, in a system with 60,000 records in the trimmed data set, from which a 
sample of 60 homes was desired, the data would be divided into 60 groups of 1000 homes each.  
A random number between 1 and the number of homes in each group was chosen and this 
number was selected from each sample group.  In our example, if the random number was 548 
then the 548th home in each 1000-home sample group would have been selected for the logging 
group. 
 

The selection of the logging sample was based on the most recent billing data that could be 
obtained at the time that the logging sample was selected.  This ranged from 2005 to 2007. In 
some cases the average of more than one year was used.  The years for which the billing data 
were obtained for purposes of selecting samples are shown in Table 10. 

 
To the extent that the billing data included meter errors, these errors were carried over into the 
selection process.  For example, if meters were malfunctioning and under-recording water use, 
then this would be reflected in the billing data and in the selection process.  We screened the 
billing data for very low consumption, which would eliminate customers with non-functioning 
meters.  Meters that failed to register very low flows associated with leaks would also fail to 
register on the data loggers.  So, systematic meter errors due to under-registrations would affect 
the household use data used for this study.  The analysis of non-recording meters was not part of 
this scope, but the fact that it occurs should be kept in mind when analyzing residential water 
use.  Utilities were encouraged to replace old meters in order to minimize meter-related errors 
during the logging. 
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Table 7: Sites solicited for study 

Agencies in 
Sample 

County Percent of 
State 

Population 

Number of 
Homes in Target 

Sample 

Percent  of 
Sample 

LADWP Los Angeles 28% 120 15% 
IRWD Orange 8% 120 15% 
San Diego City & 
County 

San Diego 8% 120 15% 

  San Bernardino 5% 0 0% 
  Santa Clara 5% 0 0% 
  Riverside 5% 0 0% 
EBMUD Alameda 4% 60 8% 
City of Davis Yolo 

(Sacramento Area) 
4% 60 8% 

EBMUD Contra Costa 3% 60 8% 
  Fresno 2% 0 0% 
San Francisco 
Public Utilities  

San Francisco 2% 60 8% 

Las Virgenes 
MWD 

Los Angeles 2% 60 8% 

Redwood City San Mateo 2% 60 8% 
  Kern 2% 0 0% 
  San Joaquin 2% 0 0% 
Sonoma County 
Water Agency 

Sonoma/Marin 1% 60 8% 

  Stanislaus 1% 0 0% 
  Monterey 1% 0 0% 
  Santa Barbara 1% 0 0% 
  Solano 1% 0 0% 
Total 89.2% 780 100% 
 
 
In some cases this process was broken up into two steps, where the agency selected a group of 
1000 homes using the sampling approach described above, and the final sample for logging was 
selected from the group of 1000 (called the Q1000).  The net result was the same in both cases, 
where a logging group was created that matched the annual water use characteristics for the 
populations in terms of mean annual use, median use and the distribution of use. 
 
In all cases extra homes were selected to provide replacements for homes that proved impossible 
to log due to problems with their meters, or being unoccupied at the time of the logging, for 
example. 
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Assignment of Keycodes 
Each home in the study group was assigned a 5-digit keycode that allowed the home to be 
included in the analysis on an anonymous basis.  The first two digits of the code identified the 
agency in which the residence was located.  The last three digits identified the specific home.  
While the account and address of each home can be linked to the specific keycode for research 
purposes (such as follow up studies) none of the published data includes any customer 
identification.  

Table 8: Water Agency Keycodes 

Agency Starting Keycode 
City of Davis 11101 
Sonoma County Water Agency 12101 
San Francisco PUC 13101 
East Bay Municipal Utility District 14101 
Redwood City 15101 
Las Virgenes MWD 16101 
Los Angeles DWP 17101 
Irvine Ranch Water District 18101 
City of San Diego 19101 
San Diego County Water Authority 20101 
 

Comparison Studies 
In order to gauge the water use efficiency of the study homes, three other study groups have been 
used for comparison purposes. These studies are discussed and cited in the Literature Review, 
but, for convenience are summarized here.  

Residential End Uses of Water Study 
The Residential End Uses of Water Study (REUWS) is a group of approximately 1200 single-
family homes chosen at random from the service areas of 12 water providers across the country.  
These homes provide a baseline for existing single-family homes for the period from 1996-1998.  
The homes were selected only on the basis of having their water use match the water use of the 
populations from which they were drawn. 

EPA Retrofit Study 
The EPA Retrofit Study comprised a group of approximately 100 homes that were chosen at 
random from the single-family populations in Seattle, EBMUD and Tampa.  After baseline 
surveys and logging, approximately 30 of the homes were retrofitted with high-efficiency 
fixtures and appliances.  The post-retrofit data from the homes was used as a benchmark for 
high-efficiency single-family indoor water use that might be obtained from retrofits and repair of 
major leaks.  The homes in the study were existing homes in their respective service areas, and 
their only significant modifications were the installation of high-efficiency toilets, showers, 
clothes washers and faucets. The homeowners in the retrofit group were volunteers and they 
were given the new fixtures and appliances at no cost, so this may have increased their level of 
commitment to the study. Aside from that, however, they were typical single-family households. 
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EPA New Home Study 
The EPA New Home Study consisted of approximately 330 homes built after 2001 and selected 
from eight water agencies.  Each home was surveyed and data logged between 2008 and 2010.  
The end use data from these homes was used as a benchmark for standard new homes built after 
2001.  These homes were especially useful in comparing toilet flush volume distributions since 
they were known to contain predominantly ULF (1.6 gpf) toilets.  In addition to the 330 standard 
new homes, the study included approximately 30 homes built to Water Sense standards.  The 
data from the high-efficiency new homes was not used for comparisons in this study. 

Surveys 
Separate surveys were sent to the retail customers and the water agencies.  The purpose of the 
customer surveys was to obtain information to use in the modeling of factors that affect 
residential water use.  The purpose of the agency survey was to determine what types of water 
conservation programs were in place at each during the study period, and whether it might be 
possible to detect an impact on the customers‘ water use from different programs. 

Utility Surveys 
The water agencies provided answers to questions about their water conservation programs and 
other related topics in a separate survey.  This survey asked 46 questions about the types of 
residential, CII, Irrigation and system conservation measures employed by the agencies.  It also 
asked about other conservation programs and whether the agency had a formal water 
conservation plan and/or drought plan in place.  A blank copy of the utility survey is shown in 
APPENDIX A.  

Customer Surveys 
Each of the homes selected for logging were provided with a survey to fill out.  Copies of the 
survey were delivered or mailed to the customers, and follow-up mailings were sent out 
approximately two weeks after the first survey was delivered.  Post card reminders were mailed 
out two to four weeks after that.  The resident surveys asked for information about a broad range 
of physical and demographic information that was thought to have potential explanatory value 
for water use.  A copy of the resident survey is provided in APPENDIX C.  The resident survey 
contained a total of 58 questions divided into the following categories: 
 

 Indoor water fixtures present in the home 
 Hot water system 
 Outdoor/landscaping 
 Outdoor water fixtures 
 Swimming pools 
 Questions on attitudes and demographics 

 
The surveys were sent to the homes that had been randomly selected for logging from the billing 
database.  It was known that this was going to reduce the number of survey responses available 
for the modeling effort.  This process offered a major advantage in the simplicity of logging 
home selection.  If we relied upon just the homes that returned surveys for our logging sample 
there was a potential for selection bias based on having what amounted to a volunteer selection 
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group.  We felt that with sufficient effort we could obtain a large enough group of survey 
respondents to provide an adequate modeling group, and this proved to be the case.  The 
exception to this was the Los Angeles DWP sample.  In that case the agency required that the 
sampling group be selected only from customers who gave signed permissions to participate in 
the study.  In order to minimize the chances of a selection bias, surveys were mailed to 3,000 
homeowners and the logging sample, obtained from the respondents was verified to ensure that it 
was statistically similar to the population of single-family homes with respect to the annual water 
use.  

Landscape Analyses 

Irrigated Areas 
The landscape for each of the study homes was analyzed according to the plant type and the area 
estimated from the photo analysis, using the best aerial photos that could be provided by the 
agencies or obtained from public sources.  A fairly typical analysis is shown in  
 
Figure 11.  Areas of turf, xeriscape and tree canopy have been identified on this lot.  The legend 
in the bottom left corner of the figure shows the various ground covers available for the analysis.  
Pools were identified and measured during this process, and were assigned a water requirement. 
The impacts of swimming pools and spas on outdoor water use was also determined as part of 
the modeling process during which the presence of pools was used as an explanatory variable for 
outdoor use, faucet use, and leaks to see if the presence of a pool was found to correlate with any 
of these categories of water use. 
 
Each water agency was asked to provide the best ortho-rectified aerial photos with the necessary 
parcel shape files and addresses for the analysis.  In some cases no aerial images were available 
from the agency at the time of the analysis, so it was necessary to use other sources such as 
Google Earth or various GIS sources.  Landscapes change over time, so we would anticipate that 
updated landscape analyses using more recent photos, with higher resolution, would result in 
different landscape area determinations.  The estimates contained in this study are based on 
aerial photos dating from or before 2006.33  
 
The use of aerial photos for determination of irrigated areas was always intended as the primary 
method of measurement because this approach was deemed the most accurate approach. Field 
measurements mentioned in the proposal were intended primarily to verify the scaling of the 
aerials and to resolve inconclusive aerial information.  There were two reasons for this.  First 
most landscapes are not composed of simple geometric shapes that lend themselves to 
measurement with a wheel or a tape.  Landscapes almost always include complex curves and 
irregular areas.  Secondly, most of the landscapes are on slopes, and measuring slope areas 
distorts the actual area compared to the true horizontal projection.  This means that to properly 

                                                 
33 In 2010 IRWD independently analyzed the irrigated area from their study homes using new photos.  Their results 

(based only on total irrigated areas) varied from Aquacraft‘s by an average of +30%.  Using the same new 
photos Aquacraft re-analyzed a random sample of lots and found that using the same photo our analyses 
were within 10% of theirs.  To avoid under-estimating irrigated areas, we re-analyzed the outdoor results 
with IRWD areas scaled up 30%, in all plant types.  The results in this report are based on these revised 
areas. 
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survey the area the vertical angles of all measurements must be taken, and then all of the data 
must be reduced and analyzed mathematically.  None of this information is required from 
rectified aerial photos since they show the true horizontal projections, and the irregular areas can 
be digitized with a high degree of precision.  The types of information that aerial photos 
sometimes lack are the actual type of plants on the ground and whether these are irrigated.  
Verification of these details was a primary goal of the site visits. 
 
Five ground covers were used for the analysis, shown in Table 9. The area of the entire lot was 
determined from the aerial photo so that the irrigated area could be compared to the lot size as 
part of the analysis. This also served as a check for the scale. Non-turf plants comprised tree 
canopies, shrubs, and other landscape plants that were not grass.  Pools were measured, and 
assigned a crop coefficient of 1.25.  Turf and vegetable gardens were treated the same and 
xeriscape consisted of low water use plant materials. On several lots there were areas that 
appeared to be non-irrigated outlots, or parcels of native plants that had been left untouched.  
Since these clearly were not irrigated, they were classified as non-irrigated land and not given a 
crop coefficient. Hence, even though they were included in the total irrigable areas, they did not 
get a water allocation as part of the theoretical irrigation requirement calculation and were not 
included in the irrigated area totals.   
 
Each plant type was assigned an irrigation efficiency based on whether it would be expected to 
have a spray or drip system. The combined factors were calculated as the crop 
coefficient/efficiency.  

Table 9: Landscape parameters 
Ground Cover Crop Coefficient Irrigation Efficiency 

Allowed 
Combined 

Factor 

Entire Lot NA NA NA 

Non-Turf Plants 0.65 71% 0.92 

Pool or Fountain 1.25 100% 1.25 

Turf 0.80 71% 1.13 

Vegetable Garden 0.80 71% 1.13 

Xeriscape 0.30 90% 0.33 

Non-irrigated Ground 0 0 0 

 
The theoretical irrigation requirement (TIR) was calculated for each lot using the areas for each 
plant type on the lots with the ET data and efficiency allowances shown above.  First, the Net 
ETo was determined for each site based on the best available weather data.  Net ETo was 
determined by doing daily soil moisture analyses from sample weather stations.  The daily ETo 
and daily rainfall for the billing year were input, and only rainfall that reduced ETo either 
directly or via soil moisture storage was counted as effective.  This excluded rainfall that fell in 
excess of the soil moisture capacity, soil uptake rates, or which was such a small quantity that it 
would not be expected to enter the root zone.  In the northern sites, rainfall was found to reduce 
ETo by 25%, while in the southern sites the net ET was just 9% less than the gross ETo. 
 
The Net ETo was then converted from inches to gallons per square foot using the conversion 
factor 1 inch = 0.624 gpsf.  The area for each landscape sub-area was then multiplied by the Net 
ETo and the crop coefficient for the plant material.  The result was divided by the allowed 
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irrigation efficiency based on the Maximum Applied Water Allowance criteria (MAWA) for a 
well designed and maintained irrigation system to arrive at the TIR.34 
 
The equation used for estimating the TIR for this study was: 
 

n

i
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i

i
net K

Eff
A

oETTIR
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624.0  

 
Where: 
TIR= theoretical irrigation requirement (gal) 
0.624= converts from inches of ETonet (Net ETo) to gallons per square foot 
ETonet = reference ETo (inches) minus effective rainfall (inches) 
n= number of zones in the landscape  
i= individual zone 
Ai= area of individual zone (sf) 
Effi = irrigation efficiency allowance of individual zone 
Kzi= zone coefficient for individual zone = kspecies x kdensity x kmicroclimate 
 
The outdoor water use for each lot was estimated by taking the annual water use from the billing 
data and subtracting the best estimate of annual indoor water use, obtained mainly from the 
projected indoor use from the logged data.  In some cases the indoor use during the logging 
period did not give the best estimate for annual indoor use, for instance if no one was home 
during the logging period. In cases where the logged indoor use did not appear to give the best 
estimate of the annual indoor use, then the minimum month water use was used as a proxy for 
indoor use.  Due to the necessary lag time between sample selection and data logging, the 
logging data were usually not collected in the same year as was the billing data.  Since we know 
that indoor use tends to be stable, use of indoor data for a period different from the billing data is 
not a bad assumption as long as it is checked for reasonableness, as was done.   
 
When only a single water meter is present there is no completely accurate method of separating 
indoor and outdoor uses.  In most cases having indoor use from the flow trace analysis gives 
good results, but not always. Use of minimum month as a proxy for indoor use is reasonable, but 
especially in areas where irrigation occurs on a year-round basis it can overstate the indoor use 
significantly.   

Independent Verification of Areas 
Both IRWD and EBMUD performed independent analyses of the irrigated areas in their 
respective service areas using new aerial photos.  In comparing the results, the overall averages 
and total areas were found to agree well, but there were differences in how individual lots were 
analyzed.  
 

                                                 
34 There was some discussion of using irrigation efficiencies less than 0.71, but since this is the minimum acceptable 

efficiency in the MAWA calculations it was agreed in September 2009 to use 0.71. We recognize that 
achieving this may be a challenge for many older systems. 
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As part of the review process IRWD performed an independent analysis of the irrigated areas on 
the study homes from their service area.  They did this by using newer photos from 2010 to 
digitize total irrigated areas, and also performed field verifications.  Their assessment of the total 
irrigated areas was approximately 20% greater than the assessment performed by Aquacraft 
using older, lower quality photos from around 2005.  In order to determine whether the 
differences were due to just the photos or an inherent lack of accuracy in the technique they sent 
Aquacraft copies of the new photos, and the analysis was repeated from the beginning.  The 
analysts who did the measurement of areas from the 2010 photos did not see the analyzed images 
from IRWD, and they were not given the area totals provided from the agency.  They were 
simply given the original field notes and told to repeat the assessment of the irrigated areas using 
the same methodology as used for all other sites with the new photos.  This is a very important 
exercise, since if two analysts working from the same photos cannot generate similar results this 
casts doubt on the reliability of the technique of using aerial photos as a basis for measuring 
irrigated areas.  Conversely, if two analysts generate similar results, working independently, then 
this confirms the reliability of the technique.    The results from these two parallel analyses, 
compared in CHAPTER 7, lie within 2% of each other. 

Pools 
Pools were treated as irrigated areas with coefficients of 1.25 to allow for the evaporation from 
an open water surface.  Including pools in this way provided them with a water allocation.  
Water used to fill the pool could be categorized by Trace Wizard as either faucet use (indoor) or 
irrigation (outdoor) depending on how the pool is filled.  A low trickle fill from a float valve 
would normally get categorized as a faucet use, while the use of a hose to fill the pool from a 
hose bib would probably get categorized as irrigation, an outdoor use.  To the extent that pool fill 
water is categorized as outdoor use, then the water used for the pool would be counted as total 
outdoor use, and would increase the calculated irrigation application.   
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Figure 11: Typical aerial landscape analysis 

Site Visits and Data Logging 
After the logging groups were selected, as described in more detail in CHAPTER 6, each home 
was visited by a member of the research team.  The site visits and logging occurred during a 22-
month period from November 2006 to August 2008.  The main purpose of these visits was to 
install the data logger on the customers‘ water meter.  In some cases surveys with return mail 
envelopes were delivered as well.  The homes were compared to the aerial image used for the 
landscape analysis in order to verify that the correct image was used.  The landscape was 
observed in the field, and the types of landscape material present were compared to the landscape 
types selected by the GIS analysis to catch situations where landscape types were mismatched. 
This verification of the aerial photo information was performed on all of the homes visited.  The 
main goals of the verification were to determine that the correct plant types were used, and to 
identify areas of non-irrigated land. In addition, measurements were made to verify the scale of 
the photos for example by measuring the width of the driveway so that this could be compared to 
the aerial data.  No attempt was made to conduct detailed surveys of the landscapes because the 
errors introduced by the many irregularities in the landscapes, and the effects of slopes on area 
calculations would be much greater than those arising from the aerial photo analysis.   The 
following table shows the approximate dates during which the site visits occurred. 
 

Table 10: Dates for site visits and billing data 

Keycode Participant Site Visit Dates Year of Billing Data  
Used for Annual and 

Seasonal Analysis 
11000 Davis January 2007 2005 
12000 SCWA May 2007 2005 
13000 San Francisco December 2006 Avg. 2006, 2007 
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14000 EBMUD April 2007 Avg. 2004-2007 
15000 Redwood City November 2006 2005 
16000 Las Virgenes MWD February 2008 2006 
17000 LADWP August 2008 2006 
18000 IRWD June 2007 2005 
19000 City of San Diego September 2007 2006 
20000 San Diego County November 2007 2005 
 
The fact that many of the sites were logged during non-irrigation periods should not be a cause 
for concern since for purposes of this study the logging data were used primarily to quantify and 
disaggregate the indoor water use. Outdoor water use for each home was determined by taking 
the annual billed consumption and subtracting the best estimate of the annual indoor use from 
this value.  Outdoor traces during irrigation periods would only be required for studies involving 
daily or hourly water use patterns, and this study was focused on annual use. 

Flow Trace Data Analysis 
In order to properly interpret the results of this study it is important to understand how flow trace 
analysis works, and consider its strengths and weaknesses.  The goal of flow trace analysis is to 
disaggregate water use in a single-family home based on a highly precise pattern of flow over 
time obtained from the main water meter for the house.  The key is that the main water uses, 
such as toilets, clothes washers, dish washers, irrigation systems, and showers in the home 
provide very clear flow patterns that are relatively easy to identify.  Other uses, such as faucets, 
leaks, water treatment and pools are more ambiguous.  The idea is to extract the information for 
the easily identified events, which leaves behind a smaller volume of water in the remaining 
categories.  This smaller volume of water can then be analyzed statistically to examine the 
factors that appear to have an influence. 
 
Flow trace is a very good tool when understood in this way, but it does involve a degree of 
uncertainty and random error.  When one balances the information provided by flow trace 
analysis against the practical impossibility of sub-metering a home to provide end use 
information of equal detail, its value is clear.  Working with flow traces and the Trace Wizard 
program, an experienced analyst can determine the important information related to the daily 
household use for the key fixtures and appliances, and can determine the efficiency levels of 
these as measured by their volumes of use.  Water use for categories like faucets and leaks is 
more ambiguous since sometimes events produced by a faucet may appear to be a leak, and vice 
versa.  This is where the information from the surveys can be used to identify relationships 
between household characteristic and the end use in question.  This process can help clarify the 
factors that are probably linked to the use.  For example, leak events may sometimes include 
very small faucet uses, intermittent flows for automatic pool filling, ice machine, or continuous 
flows from certain water treatment systems.  By modeling leakage against the presence of pools, 
home water treatment, automatic irrigation systems etc., it is possible to see what factors explain 
increased leakage or leak-like events.  Leakage estimates and can be tempered with the 
knowledge that in some cases what appears to be a ―leak‖ may be a reverse osmosis system that 
has been left running continuously in an attempt to treat all of the water used in the home. These 
types of issues tend to work on the fringes of the data.  The main body of information provided 
by the analysis is the core household water use patterns and efficiency levels for the household. 
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Each flow trace file obtained during the site visits was analyzed into individual water use events 
using the Trace Wizard software.  During Trace Wizard analysis each event is characterized 
according to its end use, start time, duration, volume, maximum flow rate and mode flow rate.  
This is a stepwise process.  Each trace is first checked to verify that the logged volume agrees 
with the meter volume.  When the volumes agree then the trace can analyzed as is. When the 
volumes do not agree further investigation is required. In some cases the data logger records the 
data but the volume recorded differs from that of the meter by a small amount.  These traces 
usually are used with a correction factor applied so that the volumes agree.  In other cases the 
volume of the data logger and the meter volumes differ by a substantial amount.  These traces are 
opened for inspection. In some cases the trace files may contain a few erroneous events, caused 
by infrequent electrical interference with the sensor, which causes extremely high flow rates to 
be recorded.  If these are isolated events they can be removed manually during analysis, and the 
rest of the trace can be used.  If the entire trace is contaminated with interference then it has to be 
discarded.  In some cases the logger simply fails to record any data, in which case the trace is 
discarded and if necessary the site is re-logged. 
 
After the volumes are evaluated and, if needed, correction factors applied, each of the traces with 
usable data is disaggregated into individual events.  The Trace Wizard program contains a 
template of indoor fixtures and appliances that serve as the starting point for the analysis.  If 
these templates are set up carefully they can identify many of devices on the initial calculation. 
The Trace Wizard program is similar to an expert system in that the analyst identifies how events 
should be categorized according to fixture type, and then the program uses this information to 
find all similar events in the trace and assign them to the chosen fixture. For example, if on Day 
1 of the trace a toilet is identified that has a volume of 3.5 gallons, a peak flow of 4 gpm, and a 
duration of 90 seconds, these fixture parameters are adopted by the analyst. The program will 
then find other similar events throughout the duration of the logging period that match the first 
event.  Each of these events is labeled as a toilet with no further intervention required on the part 
of the analyst. 
 
The analyst works through the flow trace to find all of the major fixtures, assigns the fixture 
parameters, and verifies that the fixtures have been identified successfully by the program. When 
multiple events occur simultaneously it may be necessary for the analyst to identify events by 
inspection and separate these events manually. The analyst also identifies the first cycle of all 
clothes washer and dishwasher events in a trace and assigns an ―@‖ in the name: e.g. 
clotheswasher@.  This allows the number of clothes washer and dishwasher events to be 
counted, from which the gallons per load can be determined. 
 
The analyst may need to evaluate other events on a case-by-case basis. Water treatment systems, 
pool filling, and evaporative cooling can have enough variability from one trace to another that it 
can be difficult to develop a template that contains all of the necessary parameters to identify 
them automatically. On-site regenerating water treatment systems may have similar patterns 
from one trace to the next, but it is impossible to have a template that accounts for all of the 
variability. Events such as these are identified through inspection by the analyst.  Visual 
inspection may be necessary for identifying more common events as well. For example, if 
someone leaves a kitchen faucet running for 10 minutes while they wash the dishes it may look 
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like a shower.  In these cases classification of the event is a judgment call supported by factors 
such as frequency, time of day (showers are more likely to occur in the morning) and the 
proximity of other events (long periods of faucet use may be followed by the dishwasher). 
 
Each water use event in the flow trace is characterized by fixture type, flow rate, duration and 
volume.  The analysis does not however, reveal the make or model of a fixture or appliance.  The 
efficiency of devices like toilets, showers, and clothes washers is inferred from their measured 
volumes or flow rates.  There may, for example, be many ―standard‖ showerheads that flow at 
2.5 gpm or less.  These would be classified as ―high-efficiency showers‖ because they meet the 
EPAct 200535 criterion, which requires a flow rate of 2.5 gpm @ 80 psi.  
 
Toilets with flush volumes of 2.2 gpf or less were classified in this report as efficient toilets, 
meaning that they flush at or below a volume most likely due to a ULF or high-efficiency 
toilet.36  High-efficiency toilet refers to a specific model of toilet designed to flush at 1.28 gpf or 
less.  It is possible that a number of these toilets are high volume flush units that have had 
displacement devices installed or modified in some way to make them flush at 2.2 gpf or less.  
Conversely, there may be some ULF toilets with flush volumes as high as 3+ gallons as a result 
of being poorly adjusted or because of a malfunction. These toilets would not be considered 
―efficient‖ in our analysis.  
 
Following the initial disaggregation and analysis process, the trace is checked by another analyst 
to make sure there are no obvious errors and that events that require a judgment call seem 
reasonable.  Once all questions are resolved, the trace is then ready for further processing, and 
the process is repeated on another trace.  Simple traces can be analyzed in as little as 30 minutes.  
Analysis of complex traces may take several hours to complete. The level of complexity is 
normally related to the volume of water used in the home during the logging period and the 
frequency of events occurring simultaneously. 
 
During the logging of the northern sites a series of traces was sent to an independent consultant, 
who provided analysis of the traces separately from our staff.  The results of the two analyses 
were compared to see if there were differences that would affect the characterization of the 
home. While there were variations in the volumes assigned to individual events, there were no 
differences in how the homes were characterized with respect to toilet or clothes washer 
efficiencies.  The results of this double blind analysis are discussed in CHAPTER 7. 

Trace Wizard Identification of Common Household Fixtures  
Trace Wizard analysis provides a visual tool for identifying individual events that take place 
during the two-week data logging period. The most common events found during trace analysis 
are toilets, faucets, showers, clothes washers, dishwashers and leaks. Examples of these events 
follow along with a description of a typical profile.  While flow trace analysis is not perfect it 
performs very well in identifying the key household end uses.  There are always ambiguous 
events that can be categorized differently by different analysts, and these create scatter to the 
results.   
                                                 
35 EPAct 1992: Energy Policy Act of 1992 National Efficiency Standards and Specifications for Residential and 
Commercial Water-Using Fixtures and Appliances 
36 The EPAct 1992 standard for ULF toilets is 1.6 gpf  
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Trace Wizard is at its best in identifying anything that is controlled by a timer or a mechanical 
controller.  These include toilets, dish washers, clothes washers, irrigation timers and water 
treatment regeneration systems.  Fixtures that are limited by a valve or which operate in a 
repeatable fashion are also fairly easy to identify.  The program deals with multiple events by 
splitting out the super-event from the base event.  This covers the situation of the toilet flush on 
top of the shower or irrigation.  It also has the ability to split out events that run into each other, 
but this requires the analyst to manually identify the point at which one event ends and another 
begins.  This covers the situation where a faucet is turned on before a toilet stops filling. 
 
The following sections provide some examples of how typical fixtures and appliances are 
recognized in flow trace analysis, and discuss issues encountered in dealing with each category 
of end use. 
 

Toilets 
Trace Wizard determines the time of day, the volume, the duration, the peak flow and the mode 
flow of toilet events.  From this it is possible to draw inferences about what type of toilet might 
be behind the trace.  However, this inference process is not perfect, and must be used with 
discretion.  Trace Wizard cannot tell if a 3.0 gallon flush is coming from a malfunctioning ULF 
toilet or a modified high volume flush toilet. 
 
There are also two ways of looking at toilets.  From the perspective of a household efficiency 
study what is important is the actual volume of the flush, the distribution of flush volumes and 
the overall average gallons per flush in the home.  From the perspective of a water agency that is 
interested in tracking the percent of all toilets that have been replaced, the key is the actual make 
and model of the toilet. The flow trace data can be helpful in making judgments about the market 
penetration rates, but it is inherently ambiguous when it comes to assigning actual toilet designs. 
 
The other complicating factor about toilet analysis is that houses contain mixtures of different 
types of toilets. This makes it necessary to look at things like the percent of flushes at different 
volumes (toilet heterogeneity) in an effort to determine the mixture of toilets in the home.  All of 
these techniques are used and discussed in the report. 
 
Figure 12 is an excellent example of four toilet flush events (green) that take place over a two 
hour period and were identified using the Trace Wizard program. The program identifies flow 
events with similar properties including volume, peak flow, and duration. Also shown in the 
figure are faucet events (yellow) that have been separated from the toilet events and are not 
included in the toilet volume. The baseline flow (blue) has been labeled leakage. Although the 
flow rate is less than a tenth of a gallon per minute, it is continuous through the entire trace and 
accounts for nearly 1,400 gallons of water during the two week data logging period. In these 
cases the presumption is that these represent leaks unless there is evidence that the household has 
some sort of continuous use water device (e.g. for medical or water treatment purposes). 
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Figure 12: An example of four toilet flushes, faucet use, and baseline ―leak‖ identified using the 
Trace Wizard program 

It is not uncommon to find several different toilet profiles in the same residence. This may be the 
result of replacing only one of the toilets with a ULFT or HET, toilets of different brands in the 
home, flapper replacement, or the addition of a displacement device or some other conservation 
measure in one of the toilets. Figure 13 is an example of two different toilet profiles in the same 
home; two of the toilet flushes are from a ULF toilet and the other two flushes are from a high 
volume or high water use toilet with a flush volume of 2.7 gallons. 
 
 

Toilet events that fall within the 
parameters established for the toilet. 



California Single-Family Water Use Efficiency Study  6/1/2011 
   

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 77 

 
Figure 13: Four toilet flushes with two different profiles identified in Trace Wizard 

Clothes Washers 
Although there are many brands of residential clothes washers available, there are enough 
similarities in their profile to make them easily recognizable in the Trace Wizard program. 
Figure 14 is an example of the characteristics of a top-loading, non-conserving clothes washer, 
shown in light blue. Each cycle is similar in volume (22-24 gallons) and represents filling of the 
clothes washer tub. Cleaning and rinsing is accomplished by agitating clothing in a volume of 
water sufficient to submerge the clothing. The initial cycle is labeled clothes washer @ and 
allows the total volume of the clothes washer to be calculated for statistical purposes.  
 
This figure also shows a typical intermittent ―leak‖ consisting of very low flow rates going on 
and off during the trace period. These are most likely dripping faucets or valves that ―leak‖ at a 
low rate, which are very common. 
 
 

ULF toilets 1.6 gpf 

High volume toilets 2.7 gpf 
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Figure 14: Typical profile of a top-loading clothes washer 

 
High-efficiency clothes washers are designed to use less water than the standard top-loading 
clothes washers. They use a tumbling action that provides cleaning by continually dropping and 
lifting clothes through a small pool of water.  The clothes washer loads, shown in light blue in 
Figure 15, use less than 15 gallons per load. As with a standard top-loading clothes washer, the 
initial cycle is labeled clothes washer @ which allows the volume of each cycle to be identified.  

Wash and rinse cycles of a top-loading clothes washer. 
The first cycle is identified as clothes washer @ and 
allows each clothes washer load to be counted 
separately.  

Clothes  
washer @ 
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Figure 15: Typical profile of two high-efficiency clothes washer loads identified in Trace Wizard 

Showers 
Showers typically have one of two profiles. The profile shown in Figure 16 is representative of 
homes that have what is commonly referred to as a tub/shower combo, in which the shower and 
bathtub are operated by the same faucets. This results in a high flow when the faucets are turned 
on initially and the temperature is being adjusted; the diverter is then pulled and the flow is 
restricted by the shower head. The flow then remains constant until the faucets are turned off. 
The shower shown in Figure 16 has an initial flow of 5.6 gpm, which drops to 2.0 gpm for the 
duration of the shower. There are a number of HET toilet flush events (1.28 gpf) that occur 
during the two-hour time period shown in the figure, one of which occurred during the shower, 
and has been separated from the shower.  
 
The second shower profile, shown in Figure 17, is typical of a stall shower where the flow goes 
directly through the showerhead and is therefore limited by the flow rate of the showerhead.  The 
flow rate of a showerhead is dependent on the flow rating of the showerhead and the operating 
water pressure. The shower in Figure 17 is 14 minutes in duration with a flow rate of 1.7 gpm. 
Also shown is a clothes washer event and several toilet and faucet events.   
 
 

Wash and rinse cycles of a high-efficiency front-
loading clothes washer. The first cycle is identified as 
clothes washer @ and allows each clothes washer load 
to be counted separately.  

Clothes  
washer @ 

Clothes  
washer @ 
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Figure 16: Classic profile of tub/shower combo with HE toilet events and some faucet use 

 
Figure 17: Profile typical of a stall shower with clothes washer, faucet, and toilet events 

High-efficiency 
toilet flushes 

Example of tub/shower 
combo with diverter 
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Dishwashers 
Although dishwashers are multiple cycle events, their water use typically accounts for less than 
5% of the total indoor use. Because they are cyclical and there is very little variation in the flow 
rate or volume of the cycles, dishwasher events are easily identifiable. And, like clothes washers, 
the first cycle of the dishwasher event is labeled using the @ symbol which enables the number 
of events to be counted. Figure 18 is an example of a dishwasher event with six cycles. Faucet 
use often precedes or occurs during dishwasher events as dishes are rinsed, or items are being 
hand washed.  In the flow trace analysis the dishwasher category includes only water being used 
by mechanical dishwashing machines.  Water used for hand-washing of dishes would be counted 
as part of the faucet category.  
 

 
Figure 18: Multiple cycles typical of dishwasher usage 

Water Treatment 
There are two kinds of water treatment that need to be considered.  The most common is the 
water softening device, which works by ion exchange.  Raw water is run through a resin bed and 
the hardness ions (calcium and magnesium, primarily) are adsorbed onto the resin in exchange 
for sodium.  This reduces the hardness of the water, but does not affect its total dissolved solids.  
Once the exchange capacity of the bed is exhausted it is regenerated by backwashing with salt 

Multiple dishwasher cycles ~ 
2.0 gallons per cycle 

Faucet use preceding 
dishwasher event 
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water.  This backwash process is the only water consumed by the process.  The treated water 
simply flows into the water pipes for use by the occupants as needed.  Figure 19 shows a typical 
regeneration cycle for a home water softener.  These are sometime controlled with a timer and 
sometimes by a sensor.   These types of systems are very simple to identify in Trace Wizard. 
 
The other type of home treatment is reverse osmosis.  These systems run the potable water 
through a membrane, which separates the water from the salt.  Typically around 25% of the total 
water input to the system emerges as product water and 75% is wasted.  Whenever water is being 
treated the system is using water.  The flow rates are typically low, and can be mistaken for 
leaks.  The difficulty in identifying them as water treatment as opposed to leakage is the pattern 
of use.  If only a few gallons are produced at a time, the system will show a repeatable pattern 
that can be identified.  For example, if once or twice a week two gallons of product water are 
treated for drinking and cooking this will show up on the trace as a 10 gallon event with a fairly 
repeatable flow rate.  If the system is used to treat large volumes of water it will start to look like 
a continuous leak.  Having survey information to identify houses with RO systems can help with 
this.  In the modeling chapter we discuss the relationship between home treatment systems and 
identified leakage. 
 
 
 

 
Figure 19: An example of a residential water softener in Trace Wizard  
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Leakage & Continuous Events 
There are two kinds of leaks identified in Trace Wizard.  The first type is intermittent leaks, such 
as toilet flappers or faucet drips and the second is continuous leaks due to broken valves or leaky 
pipes.  Intermittent leaks are identified by their very low flow rates (too low to be faucets), 
association with other events that might initiate a leak, or the fact that they simply do not appear 
to be faucet use, and because they occur too frequently to be explained by someone standing at a 
sink and operating a faucet for hours at a time. Intermittent leaks are very common, and most 
traces contain a number of these types of leaks. The lower limit of ―leak‖ detection is based on 
the ability of the water meter to register the flow.  To the extent that the meters cannot register 
very low flows, leakage measurements would be under-estimated. 
 
Constant leaks, on the other hand, are continuous events.  In some cases these may not be leaks 
at all, but instead represent a device that has a constant water demand, such as a reverse osmosis 
system or a once-through cooler.  The presumption, though, is that these are leaks.  Use of 
survey information can be used in conjunction with the end use data to look for correlations 
between leakage and fixtures in the home to see if there might be a relationship that helps clarify 
the source of the ―leak‖ and leak-like events.  These correlations have been done in Chapter 9.   
 
Figure 20 is an example of an event that is classified as leakage in the Trace Wizard program. 
Although the flow rate is quite low – averaging less than 0.5 gpm – over the 2 week period of the 
trace nearly 5,400 gallons were attributed to this event.  Leakage is flow that cannot be easily 
classified as a typical fixture, such as use for toilet flushing, clothes washing, faucets, showering, 
irrigation, or other commonly found household use. Leaks can be attributable to malfunctioning 
fixtures such as a leaking toilet or irrigation system or due to process uses, such as a reverse 
osmosis system, evaporative cooling, or a non-recirculating pond or fountain. The cause of flow 
attributed to leakage may be discovered during a site visit or from information provided on the 
survey returned by the homeowner. Often, however, this information is unavailable, and the 
cause of leakage remains unknown.  Since the ―leak‖ category represents such an important part 
of single-family residential water use, looking further into the causes of these types of events 
would be beneficial. 
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Figure 20: Four-hour period showing a continuous event classified as a leak 

Irrigation 
Overhead irrigation events are the easiest to identify and are usually characterized by a large 
event consisting of several very distinct segments, each with its own duration and flow rate as 
the various zone valves open and close.  Automatic irrigation is generally operated by a timer 
device that turns on the irrigation at a set time, on specified days, and irrigates multiple zones in 
sequence. The flow rate for each zone varies depending on the type and number of sprinkler 
heads located on that zone. Figure 21 shows an irrigation event that occurs Monday, October 29, 
2007 at 1:12:10 PM. The event properties show that the volume of the irrigation event is 949 
gallons with a peak flow of 18.4 gallons per minute, and a duration of 1 hour and 12 minutes. 
This event is repeated daily throughout the duration of the data logging period. The change in 
flow rate occurs -seven times during the irrigation event and is indicative of different irrigation 
zones.    
 
Drip irrigation is typically lower flow than overhead irrigation and may be operated manually or 
as a separate zone on an automatic irrigation system. Drip irrigation is generally used for non-
turf type plants that require less water and less frequent watering than turf or other high water-
use plants. Figure 22 is an example of a drip irrigation event with a flow rate of 2.5 gpm and a 
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duration of 96 minutes. The total volume of the event is 190 gallons. There are several toilet 
flushes and some faucet use that are running concurrently to the irrigation event.  
 

 
Figure 21: Irrigation event with multiple zones 

 

 
Figure 22: Trace Wizard profile of drip irrigation  
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The end result of the flow trace analysis is a Microsoft Access database file with a unique 
keycode that identifies the home. The file for each home contains one record for each water use 
event along with the fixture name, volume, flow rate, start time and duration.  A typical two-
week trace will contain anywhere from 1,500 to 10,000 events.   

Faucet Use 
Basically, faucet events are generally intended to identify uses for kitchen and bathroom faucets.  
These include a wide range of events that are similar, with flow rates less than 2.5 gpm and 
durations and volumes that are reasonable with respect to what one would expect from a 
bathroom or kitchen sink.  Exceptions to this would include flows at higher flow rates that might 
come from a utility sink or a bath tub with a volume too low to be a bath fill. Another quality of 
faucet use is their irregular and random type of pattern, with fairly short durations and low 
volumes.  Use of faucets to hand-wash dishes while leaving the water run continuously is one of 
the largest types of faucet uses encountered in the analysis. 
 

Other Uses 
Events that simply do not fit neatly into any other category are listed as ―other uses‖.  They 
might have flow rates too large for a sink, but volumes too small for irrigation or a bath.  These 
events are set into the category of miscellaneous other uses. 

Database Construction 
An overall project database was assembled that contained the following items: 
 

 Customer logging information 
 Billing data 
 ET data 
 The water event data from all traces (~ 2 million records) 
 Survey responses 
 Landscape information 

 
The customer logging information consists of names, addresses and meter information for the 
homes in the logging group. Billing data consisted of the monthly or bi-monthly water 
consumption data provided by the water agency from the billing database.  These records are 
from either 2005 or 2006.  The billing data were used to select the logging sets and to ensure the 
statistical similarity between the logging group and the respective populations. 
 
ET data were obtained primarily from the CIMIS system. Both ETo and rainfall data were 
obtained in order to calculate the theoretical irrigation requirements for each lot using ETo and 
effective precipitation.  
 
The water event data consists of the combined set of water event databases assembled from all of 
the valid flow traces collected in the study.  In the California Single-Family study the water 
event database contained over 2 million individual records.  The event database is very simple 
but extensive.  It contains the following fields for each water event identified in the flow trace.  
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There are only a few parameters listed in the event database, but these are all that are needed to 
allow a wide range of analyses to be performed during subsequent stages of the analysis. 
 

Table 11: Water event database fields 

Field Name Description 
Keycode 5 digit code that identifies the study site and the home 
Start  Start time of event 
End  End time of event 
Duration Duration of event (seconds) 
Name End Use category of event 
Volume Volume of event 
Max Flow Rate Max flow rate of event (gpm) 
Mode flow rate The most frequent flow rate in event (gpm) 
Mode number The number of times the mode flow rate occurred during event 
 
The survey responses were tabulated for each respondent (identified by key-code and by 
question number.  This allowed the responses to be used as variables in the regression modeling. 
 
Landscape information was generally obtained from the best available rectified aerial photograph 
of the homes in the study groups.  The landscape data consisted of the total area of each 
landscape type on each lot.  The landscape types consisted of turf, non-turf trees and shrubs, 
xeriscape, vegetable gardens, and non-irrigated native landscape.  Swimming pools were 
measured, but as discussed above, were not assigned a crop coefficient.  The landscape table 
consisted of the areas by plant type for each of the lots listed by keycode.  These areas were used 
along with the ET data to estimate the theoretical irrigation requirements for each lot. 
 
Each plant type was assigned a crop coefficient. In the case of tree canopies, the entire canopy 
was delineated, including areas that overhang the adjacent properties if the tree trunk was located 
on the lot.  Where tree canopies occurred from neighboring trees over lawns the coefficient for 
the lawn was used. 
 

Table 12: Annual Crop Coefficients 

Plant Type Crop Coefficient 
Turf 0.80 
Non-turf trees, shrubs 0.65 
Vegetable Gardens 0.80 
Xeriscape 0.30 
Non-irrigated areas 0.00 
 

Descriptive Statistics 
A series of queries were designed to provide summaries for indoor and outdoor analyses.  These 
summary workbooks were used to prepare descriptive statistics in tabular and graphical form for 
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inclusion into this report.  These queries were later linked with the survey responses and other 
data for regression analysis. 
 
For the indoor statistics, the water event database was queried in order to obtain the parameters 
listed in Table 13.  This worksheet contains a summary of the dates, durations, total volumes by 
end use, gallons per day by end use, counts of events by end use and volumes per event.  Some 
are taken directly from the events database, but most are derived from the events data through 
various arithmetic calculations.  
 

Table 13: Parameters extracted for indoor summary 

Parameter Units 
Keycode na 
TraceBegins days 
TraceEnds days 
Trace Length Days days 
Total Volume gal 
Indoor total gal gal 
Outdoor total gal gal 
Bathtub total gal gal 
Clotheswasher total gal gal 
Dishwasher total gal gal 
Faucet total gal gal 
―leak‖ total gal gal 
Other total gal gal 
Shower total gal gal 
Toilet total gal gal 
Total GPD gpd 
Indoor GPD gpd 
Outdoor GPD gpd 
Bathtub gpd gpd 
Clothes washer gpd gpd 
Dishwasher gpd gpd 
Faucet gpd gpd 
―leak‖ gpd gpd 
Other gpd gpd 
Shower gpd gpd 
Toilet gpd gpd 
Bathtub events count 
Clothes washer events count 
Dishwasher events count 
Faucet events count 
―leak‖ events count 
Other events count 
Shower events count 
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Parameter Units 
Toilet events count 
Number of flushes less than 2_2 Gal count 
Number of flushes greater than 2_2 Gal count 
Percent of flushes less than 2_2 Gal % 
Average toilet flush volume gal 
Toilet flush stdev gal 
Average clothes washer load gal gal./event 
Clothes washer loads per day events/day 
Average shower gal gal/event 
Showers per day count/day 
Total shower minutes min 
Average shower seconds sec 
Average Shower (minutes) min 
Average shower mode flow gpm gpm 
Shower minutes per day min 
 
 
The results from the query that prepares Table 13 consist of a table that contains one row for 
each keycode and one column for each of the parameters shown in the table.  From this a set of 
descriptive statistics was developed for the key parameters, as shown in Table 14.  This table 
shows the number of study homes with data for the specific parameters, the means, medians, 
standard deviations and confidence intervals of each. The range of the results and the sums of the 
data are also included.  Not every parameter is meaningful for all categories. For example, the 
sum of the volumes logged is significant: a total of 3.42 million gallons of water were included 
in the flow traces, but the sum of the GPD is not a useful statistic.  These data are discussed in 
detail in following sections, and are provided here simply to give the reader an understanding of 
the procedures used for the analysis. 
 

Table 14: Statistics extracted from indoor summary table 

Parameter N Mean Median StDev 95th CI Min Max Sum 
Total Volume 734 4666 3515 4098 296 0.05 28058.27 3424729 
Trace Length 
Days 734 12.3 13.0 1.4 0.1 6 20 9009 

Total GPD 734 378 292 323 23 0.01 2338.19 277220.3 
Indoor GPD 732 175 157 107 8 0.01 833.25 127970 
Outdoor GPD 589 243 145 289 23 0.06 1939.40 143154.6 
Indoor total gal 732 2148 1898 1341 97 0.05 10832.31 1572674 
Outdoor total gal 589 3019 1809 3647 294 0.84 27151.61 1778284 
Bathtub total gal 393 85.4 52.4 111.6 11.0 4.91 1376.53 33568.28 
Clothes washer 
total gal 677 408 328 313 24 16.17 2553.26 276308.1 

Dishwasher total 
gal 444 30 23 26 2 0.65 153.04 13143.85 
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Parameter N Mean Median StDev 95th CI Min Max Sum 
Faucet total gal 729 402 320 326 24 1.57 2522.87 293153.2 
―leak‖ total gal 732 380 141 751 54 0.05 8924.64 278057 
Other total gal 421 78 14 238 23 0.18 3347.53 32881.66 
Shower total gal 714 433 365 319 23 5.62 2068.87 309380.8 
Toilet total gal 727 462 399 323 24 1.87 2450.05 335904.7 
Bathtub events 393 4.14 3.00 4.26 0.42 1.00 40.00 1627 
Clothes washer 
events 674 11.77 10.00 8.48 0.64 1.00 85.00 7935 

Dishwasher 
events 426 4.56 4.00 3.70 0.35 1.00 33.00 1942 

Faucet events 729 739 555 889 65 5.00 10515.00 538484 
―leak‖ events 732 1942 1266 2328 169 3.00 25022.00 1421599 
Other events 421 15.4 5.0 42.9 4.1 1.00 503.00 6491 
Shower events 714 24.0 21.0 16.3 1.2 1.00 132.00 17168 
Toilet events 727 169 155 100 7 1.00 628.00 122777 
Bathtub gpd 393 6.9 4.2 8.9 0.9 0.41 105.89 2719.757 
Clothes washer 
gpd 677 33.2 26.9 25.2 1.9 1.35 196.40 22469.61 

Dishwasher gpd 444 2.4 1.9 2.1 0.2 0.07 11.77 1070.435 
Faucet gpd 729 33 27 26 2 0.15 194.07 23907.95 
―leak‖ gpd 732 30.8 11.4 60 4 0.01 686.51 22537.34 
Other gpd 421 6.3 1.2 18.9 1.8 0.01 257.50 2660.237 
Shower gpd 714 35 30 26 2 0.47 159.14 25198.87 
Toilet gpd 727 38 32 26 2 0.16 204.17 27384.55 
Average clothes 
wash load gal 677 36 37 12 1 9.58 94.00 24521.23 

Clothes washer 
loads per day 674 0.96 0.85 0.67 0.05 0.07 6.54 643.831 

Total shower 
minutes 716 211 178 159 12 3.67 1254.67 150808.7 

Average shower 
seconds 716 520 497 172 13 120.77 1648.33 372203.7 

Total shower gal 716 433 365 318 23 5.62 2068.87 310038.7 
Average shower 
(gal) 716 18.2 17.3 7.1 0.5 3.52 61.49 13013.8 

Avg. shower 
mode flow gpm 716 2.15 1.99 0.67 0.05 0.46 5.34 1536.4 

Showers per day 716 1.96 1.72 1.32 0.10 0.08 10.15 1401.9 
Shower minutes 
per day 716 17.2 14.5 12.8 0.9 0.31 96.51 12283.2 

Average toilet 
flush volume 729 2.76 2.45 1.08 0.08 0.69 7.04 2014.0 

Toilet flush stdev 728 0.64 0.53 0.39 0.03 0.02 2.86 462.7 
No. of flushes < 734 75 48 85 6 0.00 570.00 54896.0 
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Parameter N Mean Median StDev 95th CI Min Max Sum 
2.2 gal 
No. of flushes > 
2.2 gal 734 93 70 90 7 0.00 609.00 68184.0 

% of flushes less 
than 2.2 gal 727 45% 44% 37% 3% 0.00 1.00 326.2 

Average shower 
(minutes) 716 8.66 8.28 2.86 0.21 2.01 27.47 6203.4 

 
The water event and billing databases were queried to generate the information for each of the 
key codes needed for the outdoor analysis, shown in Table 16. 
 

Table 15: Parameters extracted and calculated for outdoor summary 

Parameter Units Description 
Annual use (from billing 
data) 

kgal Annual water use for 2006-2007 

Non-seasonal use kgal 12 x average winter use (Dec, Jan, Feb) 
Seasonal use kgal Annual use – non-seasonal use 
Trace projected indoor 
water use 

kgal Indoor GPHD from trace x 365 

Area of lot (entire lot) sf Area of lot determined from aerials and checked 
against plat maps 

Hardscape sf Areas of patios, decks, walks, etc. 
House footprint sf Footprint of house 
Non-irrigated area sf Lot areas that are pervious, but obviously non-irrigated. 

These were identified from the aerials and verified 
during the site visits. 

Non-turf plants sf Trees, shrubs and other cultivated non-turf plants 
Pool sf Swimming pool area 
Turf sf Turf areas 
Vegetable garden sf Vegetable gardens 
Xeriscape sf Areas that are planted and irrigated with low water use 

plants 
Annual ET in ET obtained from nearest weather station for year of 

billing data 
Annual precipitation in Annual rainfall  
Net ET in Gross ET corrected for effective rainfall 
Indoor use (best estimate of 
indoor use) 

kgal Best estimate of annual indoor use from the projected 
flow trace data, non-seasonal use or minimum month 
use.  

Outdoor use (best estimate 
of outdoor use) 

kgal Best estimate of outdoor use, from either seasonal use 
or annual use minus projected indoor use from flow 
trace 

Total irrigated area (sum of 
sub-areas) 

sf Sum of irrigated areas above 
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Parameter Units Description 
Irrigation application in Outdoor use/irrigated area x 1.604 
Reference demand  in Irrigation demand for 100% reference crop 

landscape=irrigated area x net ET 
Theoretical demand in/kgal Demand for actual landscape based on actual areas, 

crop coefficients and allowed irrigation efficiencies 
Application ratio  Ratio of actual application to theoretical requirement 
Excess irrigation application kgal Actual application – theoretical irrigation requirement  
Landscape ratio  Ratio of theoretical irrigation requirement to reference 

irrigation requirement 
Excess irrigation flag 0/1 Flag to identify lots that are over-irrigating 

 

Table 16: Statistics extracted from outdoor summary table 

Parameter N Mean 95th CI Median 
Annual (kgal) 614 153.39 7.55 126.41 
Nonseasonal (kgal) 614 95.13 5.29 77.53 
Seasonal (kgal) 556 69.11 6.20 48.25 
Trace projected indoor (kgal) 614 68.11 3.07 62.49 
Entire Lot 614 9199.68 982.63 6840.39 
Hardscape/Pavement 614 345.85 63.22 0.00 
House Footprint 614 754.45 110.56 0.00 
Non-Irrigated vegetation 614 629.84 704.09 0.00 
Non-Turf plants 614 1980.96 186.98 1229.50 
Pool or fountain 614 68.04 13.98 0.00 
Turf 614 1234.04 110.08 902.81 
Vegetable garden 614 5.33 3.84 0.00 
Xeriscape 614 665.07 266.62 0.00 
Annual ETo 614 21.46 1.86 0.00 
Annual precipitation 614 14.26 1.65 0.00 
Net ET 614 42.19 0.47 43.49 
Indoor (kgal) 614 61.01 2.52 56.35 
Outdoor (kgal) 614 92.38 7.01 66.64 
Total irrigated area (sq ft) 614 3885.41 374.73 2686.30 
Application (in) 607 60.94 5.70 39.28 
Reference demand (kgal) 614 102.62 10.29 68.95 
Theoretical demand (kgal/year) 614 89.99 6.74 65.71 
Theoretical demand (in) 607 40.46 0.62 42.34 
Application ratio 607 1.44 0.12 1.00 
Excess application (kgal) 614 30.06 4.11 0.05 
Landscape ratio 607 0.96 0.01 0.99 
 
The data extracted for the summary worksheet was used to generate descriptive statistics 
provided in Chapter 7. 
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Regression Modeling 
Multiple regression is a common statistical technique usually applied to quantify the effect of 
several independent variables on a dependent variable.  It provides an accessible and convenient 
formula for predicting a dependent variable given estimates of the independent variables.  
Visualizing the data as a cloud of data points, the results of multiple regression (the formula for 
prediction) is a surface (a regression plane) slicing through the cloud of observed data.  
 
Regression in this study serves two purposes: (1) to correct for certain variables that are known 
to influence water use; and (2) to broadly predict characteristics of water use for the population 
given fewer variables than the study sample.  Correcting for certain factors is necessary to 
compare study sites on a level playing field.  Previous research has indicated that income, price 
of water, and physical characteristics such as the number of residents and indoor or outdoor area 
influence water use.  Reporting the mean water use for a number of homes based on an average 
number of residents (that is, without regression) is valid, but regression techniques offer a 
quantified relationship with quantifiable smaller error.  This relative reduction in error is reported 
as r².  Prediction is the second aspect noted above; the model can be used to generalize, or 
predict the impacts of changing key parameter on water use in the population.   
 
Different regression models may result from the same data, especially since different software 
packages employ slightly different algorithms for selecting the components of regression.  Since 
this study is based on sample data, the model design is influenced heavily by consideration for 
how replicable the modeling technique‘s results fare when used on different samples.  Moreover, 
predictions via a regression model are useful to intermediate cases and generalizing a regression 
can be quite sensitive to outliers in the sample.  Overall water use does contain these outliers in 
the sample and in the population, and a conventional approach of eliminating them is not 
convenient if the model is designed to predict mean population water use.  However, in general, 
eliminating outliers does improve a regression model‘s performance.  At the expense of higher 
performance measures, this study uses a very conservative design for regression parameters and 
elimination of outliers.   
 
The aspect of regression that ―corrects for‖ certain variables is intended to apply to factors with a 
rational relationship to water use37.  For indoor use, the dependent variable is projected indoor 
use, or the expected annual indoor use using the flow trace as a representation.  For outdoor use, 
the dependent variable is annual billed use minus projected indoor use.  The first regression 
applied to either uses independent variables presented in other research to have a statistically 
significant relationship; as in those studies, a log-log transformation is used.  The result of these 
regressions is a prediction of the effect of change in particular variable to indoor or outdoor 
billed use.   
 
Regression produces a value called the residual, which for each case represents the numerical 
departure away from what the model predicts.  The residual is a large positive number if water 
use exceeds the model greatly and a large negative number if the model over-predicts water use.  
                                                 
37 For modeling purposes, it‘s important to note that these techniques work indiscriminately to whether the variable 

has any rational relationship at all. The number of available variables is indeed quite large, growing out of a 
combination of billed use, structural data from assessors, aerial analysis, flow trace data, localized 
historical weather, and survey responses.   
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Dividing the sample into categories (along categorical variables), ANOVA (or t-tests, a 
dichotomous case of ANOVA) on the mean residual for each category are reported as the change 
in water use associated with that variable, along with test significance.   
 
Using data from all of the sources, regression models were prepared for both indoor and outdoor 
water use.  Indoor models were first prepared for total indoor use as a function of all of the 
survey data that could reasonably be thought to affect indoor use.  These variables were screened 
to determine which were statistically significant, and a final model was selected for analysis.  
Individual indoor use models were created for each end use in order to determine if impacts 
could be detected for variables that did not appear for the total indoor use. This sometimes 
resulted in additional variables being identified as significant.  For example, whether the 
occupants knew how much water they used the previous year, or considered the cost of water in 
their water use, decisions could not be identified as a significant variable for predicting overall 
indoor water use. When just faucet use was modeled, however, it was found to be significant. 

Discussions of Statewide Implications 
The study concludes with a discussion of the implications of the findings for statewide water use.  
This discussion looks at the water savings potential identified for the study group, considers how 
best to extrapolate the results to the state as a whole, and then make projections of the water 
conservation potential for the state as a whole based on the results of the study group.  The 
discussion includes comments on the success of past conservation programs and BMPs for 
reducing water use, and suggestions for future modifications to conservation efforts.  
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CHAPTER 6 – END USE STUDY GROUPS 
There were three main sources of information used for the study: the monthly billing data 
obtained from the agencies, customer surveys, and the field visits.  The primary purpose of the 
field visits was to install a data logger to create a two-week flow trace.  These traces capture end 
use patterns in the home. A second purpose of the site visit was to verify data. The field 
technician verified type of landscapes assigned to the parcels.  It generally proved impossible to 
determine the make and model of the irrigation controllers, since people were not home when the 
loggers were installed and the controllers were inaccessible. So this information and the presence 
of sensors were obtained from the surveys. At the end of the two-week logging period, staff 
returned to collect the loggers.  
 
Logging samples were determined by the following procedure: each of the 10 participating 
utilities provided a random sample of the annual water consumption data for 1,000 single-family 
water accounts (Q1000). Approximately 70 single-family customers were selected from these 
lists.  These included 60 homes for logging and 10 homes to be used as replacements if one of 
the original sites was not logged. Sites were not logged in cases where logging was not feasible, 
such as a filled meter pit.  
 
It was verified that study samples represented the general population in terms of water use. This 
means the key criterion for creating samples was matching the water use of study participants to 
that of the population as a whole. For samples to be valid, both the mean and the median, which 
is less sensitive to outliers, had to be comparable to the mean and median of the population. The 
water use statistics of both sample groups were compared to the population to ensure similarity. 

Redwood City 
Using the selection procedure described above, the Redwood City staff provided the descriptive 
statistics for their entire population of single-family homes, and then identified a random group 
of approximately 1,000 homes from which the logging sample was selected.  Table 17 shows the 
summary statistics for the three groups of homes.  Records were extracted for a total of 15,777 
single-family accounts in the Redwood City service area.  The average annual consumption of 
the entire population was 101 kgal.  The median annual consumption was 88.3 kgal.  The 
statistics for the 1000 home sample (Q1000) matched those of the population very closely, as 
shown in the table.  A total of 70 homes were selected from the Q1000.  Houses with less than 15 
kgal/yr of consumption, houses which declined to participate, and houses that were found to be 
unusable in the field—for instance because of a bad meter or vacancy—were trimmed from the 
sample.  The final group of 60 homes on which loggers were installed had an average annual use 
of 106 kgal and a median use of 98 kgal.  Elimination of the houses with very low or only partial 
year consumption caused the mean of the logging group to be slightly larger than the mean of the 
population, but was thought to constitute a more meaningful sample because of this trimming. 
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Table 17: Annual water use statistics for Redwood City study group  
Redwood City Population 

Annual Use 
(kgal) 

Surveyed 
Sample 

Annual Use 
(kgal) 

Log Sample Q60 
Annual Use 

(kgal) 

Mean 101.09 101.66 105.89 
95% Confidence Interval 1.04 4.10 13.45 
Median 88.26 88.26 98.36 
Count 15,777 1,046 60 
 
Even though the sample was not selected on the basis of geography, it covers the entire service 
area of Redwood City with remarkable consistency, as can be seen in Figure 23.  According to 
the commercial mapping program used for locating the study homes38 there are a total of five 
populated zip codes in Redwood City.  The logging sample contains homes from all of these. 
Table 18 shows the number of homes randomly selected from each zip code and the average 
annual water use of these homes.  Zip code 94061 contains the most homes that are closest to the 
median water use of the population.  It also has the most logging homes within its boundaries. 
The largest water use was in zip code 94070, and there was a single home selected from this 
area.  According to Zillow™ the average home value in the study group was $977,916 and the 
median value was $927,022. 
 

Table 18: Zip Code Distribution of Redwood City Logging Sample 

Zip Code Log Sample Population (Q1000) 

N Avg. 
kgal/yr 

Percent of 
Total Sample 

N Percent of 
Total 

94061 26 89.5 43.3% 447 42.7% 
94062 19 123.1 31.7% 299 28.6% 
94063 4 120.0 6.7% 123 11.8% 
94065 10 107.7 16.7% 167 16.2% 
94070 1 130.2 1.7% 7 0.7% 
All 60 105.9 100% 1046 100% 
 

                                                 
38 Delorme, Street Atlas 2006 Pro. 
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Figure 23: Location of study homes in Redwood City 
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San Francisco 
The San Francisco Public Utilities Commission provided a complete list of all of their single-
family accounts and annual water consumption for 2005.  Customer name and contact 
information was not included in this list to protect the confidentiality of the customers.  Also, 
records were only provided for customers with magnetically driven water meters.  There were 
61,615 accounts in the list provided by SFPUC.  Their average annual water use in 2005 was 59 
kgal, or 161 gallons per day per account.  According to the census data there are 2.7 persons per 
house in San Francisco, which implies a per capita use of 59 gpcd.  This relatively low total 
water use indicates that irrigation and other outdoor uses is not a major factor for the city 
customers in general.   
 
The single-family account list provided by SFPUC was used to select the Q1000 sample using 
the random stratified sampling approach described above.  The list of account numbers was sent 
to SFPUC, and they returned a list of 1000 accounts with addresses and other customer 
information.  Aquacraft took the Q1000 data and after eliminating all accounts that used less than 
15 kgal per year, selected 70 accounts as the logging sample.  The analysis of the monthly water 
use of the Q1000 sample confirmed the low outdoor use for the customers, and showed that on 
average, the group used only 10 kgal per year for seasonal uses.39 Summary statistics for the 
population and logging sample are shown in Table 19. 
 

Table 19: Annual water use for San Francisco study group 

 Population Annual 
Use 

(kgal) 

Surveyed 
Sample Annual 

Use 
(kgal) 

Log Sample Q60 
Annual Use 

(kgal) 

Mean 65.1 64.0 69.2 
95% Conf. Interval 0.37 2.72 9.34 
Median 56.1 56.1 56.1 
Count 52,349 825 60 
 
Table 19 shows that the final 60 home logging group was only slightly biased towards larger 
than average water users.  The average water use for the logging group was approximately 8% 
greater than the use of the population.  This variation was not considered a problem since it is 
impossible to control who drops out of the study.  During the data logger installation process a 
choice was made to eliminate some homes in semi-industrial areas, which the City did not 
believe were representative of the customer base, in favor of more typical single-family homes.  
The location of the houses in the logging group is shown in Figure 24.   
 

                                                 
39 Seasonal use was estimated as the difference between the annual use and non seasonal use estimated from average 

winter consumption.Seasonal use in accounts where this resulted in a negative number was set to zero. 
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Figure 24: Location of study homes in San Francisco 
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A visual inspection of Figure 24 shows that there is a cluster of homes in the southern portion of 
the city, primarily in zip code 94112, which is the Ingleside neighborhood.  Normally, the 
random stratified sampling approach yields fairly well distributed samples according to the 
density of the homes and average water use in each area.  In order to explore whether or not the 
sample in San Francisco had somehow yielded a disproportionate sample from zip code 94112 
some analyses were done to check for differences between the population and sample. 
 
First the number of logging homes in each of the zip codes in San Francisco was determined.  
The percent of the logging sample was then calculated by dividing the sample in each zip code 
by 60.  Also the average annual water use of the sample homes in each zip code was determined.  
This information was then compared to housing information obtained from the 2000 U.S. 
Census.  These comparisons are shown in Table 20. 
 
Table 19 shows that in most cases the percent of the logging homes in each zip code comes 
reasonably close to the percent of all single-family homes contained in each zip code. For 
example, Ingleside contains 17,204 single-family homes, which equals 19% of all the single-
family homes in the city.   This is the largest number of single-family homes in any of the zip 
codes.  Consequently one would expect that the logging sample would have the highest 
concentration of homes in Ingleside, which it does. The second largest concentration of homes is 
in the Sunset district, zip code 94116. Sunset contains 14% of all single-family homes in the 
City, and 12% of the logging sample are in this zip code.  Figure 25 shows the comparisons in 
percentages for each zip code. 
 
Examination of Figure 25 shows that there was a striking similarity in the percentage of homes in 
the logging sample and the population. This argues against any gross bias in the sample.  The 
two zip codes with the most divergence are 94112, which had a 6% greater number in the sample 
than in the population, and zip code 94122, which had a 7% lower number in the sample than in 
the population.  Every other zip code was within a few percent.   



California Single-Family Water Use Efficiency Study       6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                            www.aquacraft.com 
Page 101 

 

Table 20: Comparison of single-family home distributions in population and logging sample for San Francisco 

  Log Sample  Data from 2000 U.S. Census 

Zip Neighborhood Number of 
SF Homes 

Mean 
Annual 

Use 
(kgal) 

% of 
Total in 

Log 
Sample 

Total of 
All 

Housing 

Total SF 
Houses 

% of 
Homes 

that are SF 

% of total 
SF in each 

zip 

All All 60 70.10  242,429 92,424 38%  
94107 North Portero 2 57.97 3% 9,705 1,942 20% 2% 
94109 Nob Hill 1 32.91 2% 36,038 894 2% 1% 
94110 Mission 3 73.55 5% 26,913 7,364 27% 8% 
94112 Ingleside 15 73.45 25% 20,699 17,204 83% 19% 
94133 Ghirardelli Sq. 1 163.81 2% 14,810 898 6% 1% 
94114 Castro 3 59.84 5% 17,324 1,627 9% 2% 
94115 Western Addition 1 43.38 2% 18,452 1,980 11% 2% 
94116 Sunset 7 47.34 12% 15,420 13,172 85% 14% 
94121 Richmond/Pt. Lobos 6 77.42 10% 18,052 6,390 35% 7% 
94122 Golden Gate Park S. 3 119.93 5% 22,371 11,458 51% 12% 
94124 Bayview/Hunters Pt. 5 72.71 8% 9,508 6,319 66% 7% 
94127 Mt Davidson 3 72.31 5% 7,834 7,121 91% 8% 
94131 Diamond Hts. 4 46.94 7% 14,261 7,029 49% 8% 
94134 McLaren Park 6 70.19 10% 11,042 9,026 82% 10% 
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Figure 25: Single family home percentages in San Francisco zip codes and log sample 
 
The question arises as to whether the logging sample should have been adjusted to eliminate the 
geographical clustering.  For example, if we took four houses out of the Ingleside zip and put 
them into the Golden Gate South zip, the samples in those two zip codes would match the 
population very closely.  The problem with doing this is that the average water use in zip code 
94122 is nearly 60% greater than that in zip code 94112.  By attempting to balance out the 
geographic distribution, we would have increased the bias towards larger water users in the 
sample.  Since the stated goal of the sampling was to create a sample that represented the water 
use pattern of the service area, and the sample as selected accomplished this goal, but with a 
slight bias towards higher water users, it seemed advisable to keep the sample as it was chosen. 
 
Another factor arguing in favor of keeping the sample as selected is that it is probable that the 
water use in zip code 94112 was less variable than that in 94122 because it was smaller, and 
hence had less outdoor use, which is more variable than indoor use.  Zip code 94112 contained a 
large number of homes with water use close to the average for the group. When this occurs it 
tends to create a cluster in the sorted list, and hence these homes will have a greater chance of 
being selected than a group with greater variability.  Greater variability would tend to scatter the 
residents among more strata and favor them being sampled less frequently.  
 
We know that the sample as chosen matches the water use distribution very well, and matches 
the geographic distribution well with small discrepancies in just two zip codes.  Furthermore, we 
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know that if we adjusted the sample to include more homes in Golden Gate and fewer in 
Ingleside we would definitely create a larger bias in the annual water use patterns it seems most 
reasonable to keep the sample which matches the annual water use characteristics, and not 
attempt to make adjustments on the basis of geography. 
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City of San Diego 
The City of San Diego purchases between 75 and 90 percent of its water from the San Diego 
County Water Authority. In 2005 there were a total of 270,526 customer accounts served by San 
Diego Water Department. Of these, 245,995 were residential connections (217,893 single-family 
and 28,102 multi-family). Single-family water use accounted for 38% of total demand.  
 
Because San Diego is a major population center, the logging sample size was 120. This was 
evenly split between city and county customers. There were 60 samples in the City of San Diego. 
 
In order to generate statistically valid results, the surveyed sample and the logging sample 
needed to be representative of the water use of the population. For this reason, the samples were 
chosen so their water use closely matched the mean water use of the population. The mean 
annual water use of the population was 114 kgal. The mean water use of the surveyed sample 
was identical to the mean use of the population. The logged sample also had comparable water 
use at 115 kgal. Table 21shows the mean water use for the population, survey sample and log 
sample. 
 

Table 21: Annual water use statistics for the City of San Diego study sites 

City of San Diego Population 
Annual Use 

(kgal) 

Surveyed 
Sample 

Annual Use 
(kgal) 

Log Sample Q60 
Annual Use 

(kgal) 

Mean 114 114 115 
95% Confidence Interval NA   
Median NA 98 105 
Count 217,893 842 66 
 
Geographic distribution was not a criterion for sample selection; water use was. However, the 
distribution of sites in the City of San Diego area (Figure 26) shows that the sites were spread 
over the service area.  
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Figure 26: Logged sites in the City of San Diego service area 
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Las Virgenes Municipal Water District 
Las Virgenes Municipal Water District (LVMWD) provides water service to a population of 
71,000 over a 122 square mile service area. Of its 19,877 service connections, 17,016 are for 
single-family accounts. Sixty-six sites were logged in Las Virgenes with 59 good traces 
resulting.  
 
Samples were created to ensure that the study sites had water use similar to the overall 
population of Las Virgenes. The mean water use for the population was 392 ±5.9 kgal, at a 95% 
confidence interval. The surveyed sample shows some variance with this (410 kgal) but the 
logged sample‘s mean water use equals the water use of the population. The median water uses 
do not match as well. The logged sample had a median water use of 372 kgal, while the 
population median use was 292 kgal. Table 22 shows these data.  
 

Table 22: Water use statistics for population and samples in Las Virgenes 

Las Virgenes MWD Population 
Annual Use 

(kgal) 

Surveyed 
Sample 

Annual Use 
(kgal) 

Log Sample Q60 
Annual Use 

(kgal) 

Mean 392 410 392 
95% Confidence Interval 5.9   
Median 292 312 372 
Count 17,016 1,061 66 
 
Water use was the metric for determining that the logged sample was representative of the 
population. However, geographic distribution of the logged sample sites should also be noted. 
Figure 27 shows the location of logged sites. These sites are not clustered but rather spread 
throughout the populated service area.  
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Figure 27: Logged sites in Las Virgenes MWD. Note that sites are distributed throughout several 
zip codes. 



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 108 

 

City of Davis 
The City of Davis is located in Yolo County near Sacramento.  For purposes of the sample it was 
used as a proxy for Sacramento County, due to its proximity.  Single-family residences make up 
88% of all of the services in the City of Davis and they account for 47% of the treated water use.  
Residential customers account for nearly two-thirds of total water use in the system.   These 
homes were used to select the logging homes in Davis.  The study sites were determined by 
matching the water use patterns of the population of single-family homes in the service area.  
Each of the homes had been mailed a survey and a letter requesting permission to participate in 
the study.  The final logging group was selected from homes that had returned surveys and given 
their consent. 
 
There were 73 sites selected for possible logging. Of these, 60 sites were actually logged, which 
matches the target number of sites for Davis. Single-family homes using less than 15 kgal per 
year were excluded. This figure was used to remove sites with unusually low use (such as 
accounts that were active for only part of the year).  This sample was randomly selected from the 
sample provided by the water agency.  The mean use for the City of Davis‘ population is in the 
range of 156.33 to 159.67 kgal annually, with a 95% confidence. The intermediate sample, 
which contains 1015 accounts, has a mean annual use of 159 kgal, which falls within likely range 
of the population mean. From this sample, Aquacraft selected sites for logging. The mean annual 
use of these sites was 160 kgal. This is just outside the 95% confidence bound for the 
population‘s water use.  Table 23 makes for quick comparison of these numbers. 
 

Table 23: Annual water use statistics for City of Davis study sites 

City of Davis Population 
Annual Use 

(kgal) 

Surveyed 
Sample 

Annual Use 
(kgal) 

Log Sample Q60 
Annual Use 

(kgal) 

Mean 158 159 160 
95% Confidence Interval 1.67   
Median 142 142 141 
Count 13,194 1,015 73 
 
The logging sample was determined by creating a sample that had water use in line with the 
population of Davis. The location of samples within the city was not a determining factor. 
However, given that, the samples showed a relatively wide distribution throughout the city. 
Figure 28 shows the logging sample sites in Davis. To some degree, sites are more densely 
concentrated in the eastern portion of the city.  
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Figure 28: Distribution of logging sites around the City of Davis 
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San Diego County Water Authority 
In 2005 there were approximately 694,995 customer accounts in the service area of the San 
Diego County Water Authority (SDCWA). Of these, 396,311 were single-family accounts. 
Single family water use makes up 55% of total demand.  
  
The San Diego County Water Authority provides water to the City of San Diego, as well as other 
water retailers in the county. Both the City of San Diego and SDCWA participated in this study.  
Four other water retailers participated from the county: Helix WD, Otay WD, Rincon del Diablo 
MWD, and Sweetwater Authority. Because San Diego is a major population center, the logging 
sample size was 120. This was evenly split between customers within the City of San Diego and 
those outside the city, but still within San Diego County. The study plan called for 15 sites from 
each of the four participating SDCWA agencies to be included in the final analysis. Twenty 
potential logging sites were selected in case some sites were deemed infeasible for logging. 
 
Samples were deemed representative if their water use matched the population water use for the 
given agency. For Helix, the mean water use (151 kgal) of the logged and surveyed samples was 
equal to the population‘s mean water use.  The median water use for the population, surveyed 
sample and logging sample were also very close. Otay‘s surveyed sample had the same mean use 
as the population. The logged sample‘s mean water use was within the 95% confidence interval 
of the population‘s mean use. For Rincon del Diablo, both the surveyed and logged samples‘ 
mean water use exactly matched the population‘s mean water use.  For Sweetwater, the surveyed 
sample, provided by the utility, had a significantly higher mean water use than the population. 
However, this was corrected in the logged sample, which had the same mean and median water 
use as the population. Table 24 shows these data.  
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Table 24: Annual water use statistics for San Diego County Water Authority – study sites 

San Diego County Water 
Authority 

Population 
Annual Use 

(kgal) 

Surveyed 
Sample 

Annual Use 
(kgal) 

Log Sample Q60 
Annual Use 

(kgal) 

Helix    
Mean 151 151 151 
95% Con. Inter. 1.1   
Median 122 122 118 
Count 45,401 251 20 
Otay    
Mean 161 161 159 
95% Con. Inter. 3.08   
Median 129 129 134 
Count 10,794 251 20 
Rincon del Diablo    
Mean 184 184 184 
95% Con. Inter. 4.4   
Median 131 131 114 
Count 5,848 254 20 
Sweetwater    
Mean 125 167 125 
95% Con. Inter. 1.55   
Median 105 142 100 
Count 22,170 252 20 
 
Sample sites were selected based on water use, not geography. However, Figure 29 shows that 
the sites were spread throughout the service areas in a fairly even manner.  



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 112 

 
Figure 29: Distribution of logged sample sites for San Diego County Water Authority – county 
sites only 
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East Bay Municipal Utility District 
There were a total of 321,765 single-family accounts listed in the billing database for the East 
Bay Municipal Utility District for the 2005 billing year.  EBMUD selected a sample of 1000 
accounts using the random systematic sampling approach provided by the consultants.  The 
Q1000 was selected from all single-family accounts (which also include individually metered 
condos and town homes).  The homes were sorted according to their annual water use, and no 
attempt was made to group them geographically.   
 
EBMUD provided the Q1000 to Aquacraft in early September 2006.  After verifying that the 
statistics of the sample matched those of the population, a logging sample was chosen.  Because 
EBMUD had elected to log 120 homes, a total of 140 homes were selected as logging candidates.  
Notification letters were sent to these homes at the end of September. Six homes opted out of the 
study leaving a total of 134 homes in the logging sample.  The statistics of the Q1000 matched 
those of the population very closely.  The final logging sample had a mean use that was slightly 
smaller than the mean of the population.  Because it is a smaller sample it was more susceptible 
to being affected by the loss of the homes that opted out.  
 
Figure 30 shows the location of each of the 134 logging homes.  These include both the 120 
primary logging houses and 14 back-ups.  This map shows a remarkably even distribution of the 
sample over the service area.  As one would expect, the areas with higher population density 
have more sample homes than the areas with lower population density. Ultimately, good traces 
were obtained from 114 of the logged homes. 
 

Table 25: Annual water use statistics for EBMUD single-family population and study samples 

 All SF Accounts in 
Screened Billing 

Database Annual Use 
(kgal) 

Surveyed 
Sample 

Annual Use 
(kgal) 

Log Sample Q60 
Annual Use 

(kgal) 

Mean annual use 106.8 107.0 102.1 
95% Con. Inter. 0.33 5.82 12.71 
Median 82.1 82.1 83.8 
Count 306,279 1,000 134 
 
Even though geography was not a factor in the sample selections, the final logging sample 
appears to have an excellent geographical distribution over the EBMUD service area.  Table 26 
shows that the percent of the Q1000 in each city within EBMUD‘s service area is similar to the 
percent of the population living within each city.     
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Table 26: Proportion of Q1000 by city in EBMUD service area 

City Total SF 
Services 

Q1000 % of… 
Pop Q1000 

Alameda 15330 51 5% 5% 
Alamo 5058 23 2% 2% 
Albany 4222 9 1% 1% 
Berkeley 23268 74 7% 7% 
Castro Valley 16066 48 5% 5% 
Crockett 1193 1 0% 0% 
Danville 17789 58 6% 6% 
Diablo 356 2 0% 0% 
El Cerrito 8128 25 3% 2% 
El Sobrante 1401 6 0% 1% 
Emeryville 541 0 0% 0% 
Hayward 7796 24 2% 2% 
Hercules 6167 17 2% 2% 
Kensington 2125 6 1% 1% 
Lafayette 8791 34 3% 3% 
Moraga 4480 12 1% 1% 
Oakland 82277 245 26% 24% 
Orinda 6395 16 2% 2% 
Piedmont 3769 9 1% 1% 
Pinole 5596 13 2% 1% 
Pleasant Hill 2147 8 1% 1% 
Richmond 33963 121 11% 12% 
Rodeo 2455 6 1% 1% 
San Leandro 24369 76 8% 8% 
San Lorenzo 7692 17 2% 2% 
San Pablo 4947 20 2% 2% 
San Ramon 13490 50 4% 5% 
Selby 1 0 0% 0% 
Walnut Creek 11953 30 4% 3% 
Total 321765 1001  100% 
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Figure 30: Locations of study homes in EBMUD 

 
 



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 116 

 

Sonoma County Water Agency 
The Sonoma County Water Agency provides wholesale water to Sonoma and Marin counties, 
serving 600,000 people. Logging sites were selected from four retail agencies within Sonoma 
County Water Agency‘s service area: North Marin Water District, the City of Petaluma, Rohnert 
Park, and the City of Santa Rosa. The North Marin Water District service area covers 
approximately 100 square miles, primarily within the city of Novato, and 68.3% of the deliveries 
were to single-family residential customers. Petaluma has 17,014 single-family accounts, and 
these accounts use just over half of the city‘s delivered water.  Rohnert Park has 8,717 customer 
accounts, 87% of which are single-family residences. In Santa Rosa, single-family customers 
make up 84% of its 50,352 customer accounts. 
 
A total of 60 homes were logged for Sonoma County Water Agency.   Valid data were obtained 
from 59 homes. Logging samples were selected in accordance with the basic sampling procedure 
outline above. The water agency provided a sample of approximately 250 sites for each of the 
four retail agencies studied (a total of 1000 sites). These samples had water use statistics that 
matched the population water use statistics in each service area. From this sample of 250, a 
smaller sample for each sub-site was created. Again, the statistical parameters of this sample 
matched the statistical parameters of the population in each service area.   These homes were 
sampled at random. The study plan called for 15 sites from each participating retailer to be 
included in the final analysis. Twenty potential logging sites were selected in case some sites 
were deemed infeasible for logging.  
 
The population of North Marin used 126 kgal per capita annually with a 0.8 kgal interval at 95% 
confidence. Both the surveyed sample and the logged sample used 125 kgal, which meets the 
confidence bounds of the mean use of the population. The median water use for the logging 
sample and the population were equal. For Petaluma the mean (110 kgal) and median (102 kgal) 
were the same for the population, the surveyed sample and the logged sample. For Rohnert Park 
the mean use (108 kgal) is the same for the population, surveyed sample and logged sample. The 
median for the surveyed sample and the logged sample match, but are slightly higher than the 
median use for the population (104 kgal versus 102 kgal). In Santa Rosa the mean use of the 
population was 100 ±0.71 kgal, with a 95% confidence. The surveyed sample and logged sample 
each had a mean use of 99 kgal, which is a close match to the population. The median use for the 
population and the surveyed sample are equal (88 kgal) and only slightly higher for the logged 
sample (89 kgal). These numbers are shown in Table 27.  
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Table 27: Annual water use statistics for Sonoma County Water Agency study sites 

Sonoma County Water 
Agency 

Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual Use 
(kgal) 

Log Sample Q60 
Annual Use  
(kgal) 

North Marin WD    
Mean 126 125 125 
95% Con. Inter. 0.8   
Median 120 125 120 
Count 10,303 250 20 
Petaluma    
Mean 110 110 110 
95% Con. Inter. 1.1   
Median 102 102 102 
Count 13,743 244 20 
Rohnert Park    
Mean 108 108 108 
95% Con. Inter. 1.09   
Median 102 104 104 
Count 6,691 236 20 
Santa Rosa    
Mean 100 99 99 
95% Con. Inter. 0.71   
Median 88 88 89 
Count 32,887 248 20 
 
Samples were selected on the bases of water use, not geographic distribution. However, the 
geographic distribution was relatively uniform. Figure 31 shows the Sonoma County Water 
Agency logging sites. The four clusters correspond to the four retail agencies participating in the 
study. These retail agency service areas are relatively small, so logged sites cover much of the 
area of interest.  
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Figure 31: Logging sites for Sonoma County Water Agency  
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Irvine Ranch Water District 
As of 2006, there were a total of 91,733 accounts served by the IRWD. Of these, 47,650 were for 
single-family residences. IRWD participated in the 1996 Residential End-Uses of Water study. 
The methodology and sampling characteristics of that study are directly comparable to this 
sampling 10 years later. Aligning the 2006 work with that from 1996 offers future research 
potential for household-by-household comparisons. IRWD provided a sample of approximately 
1000 sites. From this sample of 1000, a smaller sample for logging was created. A total of 142 
homes were logged for IRWD.   Valid data were obtained from 115 homes.  
 
It is important that the surveyed sample and the logged sites were representative of the 
population. In order to verify this, samples were selected to match water use of the population. 
The surveyed sample mean water use (148 kgal) is equal to the population mean water use. The 
logged sample mean water use was a bit lower, 147 kgal, but still very close to the 95% 
confidence interval range of 148±0.57 kgal. The median water use for both sample sets was 
equal to that of the population (135 kgal.) Table 28 summarizes these numbers. 
 

Table 28: Annual water use statistics describing Irvine Ranch WD water use for the population 
and study samples 

IRWD Population 
Annual Use 

(kgal) 

Surveyed 
Sample 

Annual Use 
(kgal) 

Log Sample Q60 
Annual Use 

(kgal) 

Mean 148 148 147 
95% Confidence Interval 0.57   
Median 135 135 135 
Count 45,878 1,000 142 
 
 
Water use was the determining factor for evaluating if samples were representative of the 
population. However, the geographic distribution of sites may be of interest. Figure 32 shows the 
location of logged sites. It is apparent that the sites were spread throughout the IRWD service 
area, rather than clustered together in one neighborhood that may not be representative of water 
use for the wider IRWD customer base.  
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Figure 32: IRWD logged sample sites 
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Los Angeles Department of Water and Power 
The Los Angeles Department of Water and Power (LADWP) provides water service to the 
nearly 4 million residents of the City of Los Angeles and surrounding areas.  In 2000, LADWP 
delivered 677 million gallons of water; 240 MG of that went to single-family customers.  
 
The sampling procedure for LADWP was different than the standard sampling procedure. In 
order to increase the efficiency of the site visits it was decided to limit the geographic area of the 
study. This was done by grouping the homes by zip code and selecting a sample of homes from a 
sample of zip codes.  Instead of a three-stage process, as was standard for other sites in the study, 
a four stage process was used. Table 29 illustrates the difference. 
 

Table 29: Sampling approach for LADWP compared to standard sampling approach 

Standard Sampling Process LADWP Sampling Process 
1. Population 1. Population 

2. Narrow population by zip code 
2. Draw survey sample from 
population 

3. Draw survey sample from limited number of   
zip codes 

3. Draw logging sample from 
survey sample 

4. Draw logging sample from survey sample 

 
The key concept with this alternative sampling procedure was that in each step, the mean water 
use of the sample matched the mean water use of the population.  
 
First, accounts with unusually low or high water use were removed from the study population.  
The raw billing data submitted by LADWP contained 482,615 single-family accounts, but once 
these outliers were removed, there were 371,767 single-family accounts. The mean water use for 
this population was 153.01 with a 95% confidence interval from 152.7 to 153.2. The LADWP 
service area encompasses a total of 124 zip codes. The survey sample was taken from only 24 of 
those zip codes. Note that the statistics for the sample zip codes match those of the population 
very closely (Table 30). 
 

Table 30: Comparison of sample zip codes to population 
Sampling 
Group 

No. of 
Zip Codes 

No. of 
Candidate 
Accts. 

% of 
Total 

Mean 
Use 

(kgal) 

Median 
Use 

(kgal) 

Top 
Quartile 
(kgal) 

Census  
Pop 

Census 
Housing 
Units 

Median 
House 
Value 

Average  
Household  
Size 

Sample 
zip codes  

24 78,578 21% 158 140.6 204 1,029,460 338,876 $284,027 3.04 

Service 
area pop 

124 371,767 100% 153 134.6 198     

L.A. 
County 

      9,519,338 3,133,774 $209,300 2.98 
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From these 78,578 accounts in the sampling zip codes shown in Table 30 systematic random 
sampling was used again to select about 3000 candidates for surveying.  This surveyed group had 
statistics shown in Table 31. 
 

Table 31: Statistics of surveyed sample 

Group Within 
Sampling 
Zip Codes 

Total 
2006 
(kgal) 

Mean Median Top 
Quartile 

Accounts 

Survey Sample (2) 477965 158.16 140.62  204.20 3022 
 
From the surveyed sample set described in Table 31, a logged sample was drawn. A total of 120 
homes were sampled in Los Angeles, and valid data were obtained from 102 homes. Each of the 
homes had been mailed a survey and a letter requesting permission to participate in the study.  
The final logging group was selected to match water use patterns of the population and from 
homes that had returned surveys and given their consent. Table 32 presents a side-by-side 
comparison of water use for the population, surveyed and logged samples. The mean water use 
of the study samples is very comparable to the water use of the population. 
 

Table 32: Annual water use statistics for LADWP population and study samples 

Las Angeles Department of 
Water and Power 

Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual Use 
(kgal) 

Log Sample Q60 
Annual Use  
(kgal) 

Mean 153 158 159 
95% Confidence Interval 0.23   
Median 134 141 144 
Count 485,000 3022 132 
 
Since geography was a consideration in sample selection, it is worthwhile to look at where 
logged sites were located.  
Figure 33 shows site locations. Sites are not uniformly distributed throughout the service area. 
However, because water use patterns for study samples matched the population, the study 
samples were representative of the population. 
 



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 123 

 
Figure 33: Distribution of logged sites in LADWP service area. Note that zip codes are 
highlighted in yellow. 
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Table 33 shows the number of logged sites for each agency in the study and the time frame when 
the sample sites were logged. The combined water use statistics comparing logged samples and 
population are also summarized in Table 33. 
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Table 33: Combined statistics of logged samples 

City/Agency 
Logging 
Sample 

Size 

Logging 
Sample 

Mean Use 
(kgal) 

Population 
Size 

Population 
Mean Use 

(kgal) 
Logging Period 

Redwood  60 105.89 15,777 101.09 Oct 06 – Nov 06 
San Francisco 60 69.2 52,349 65.1 Nov 06 – Jan 07 
San Diego City 66 115 217,893 114 Sep 07 – Oct 07 
Las Virgenes MWD 66 392 17,016 392 Feb 08 
City of Davis 73 160 13,194 158 Jan 07 – Feb 07 
San Diego County     

Oct 07 – Nov 07 
Helix 20 151 45,401 151 
Rincon del Diablo 20 184 5,848 184 
Otay 20 159 10,794 161 
Sweetwater 20 125 22,170 125 
East Bay MUD 134 102.1 306,279 106.8 Mar 07 – Apr 07 
SCWA     

Feb 07 – Mar 07 
North Marin WD 20 125 10,303 126 
Petaluma 20 110 13,743 110 
Rohnert Park 20 108 6,691 108 
 Santa Rosa 20 99 32,887 100 
Irvin Ranch Water 
District 142 147 45,878 148 Jun 07 – Jul 07 

LADWP 132 159 485,000 153 Aug  08 – Sept 08 
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CHAPTER 7 – END USE DESCRIPTIVE STATISTICS 
 
The purpose of collecting highly detailed water use data from the sampled homes was to allow 
their water use to be broken down into end use categories.  Having end use data provides a much 
higher degree of clarity about the nature of water use in the homes than is normally available.  Of 
prime interest for this study, is that it allows the relative efficiency or inefficiency of each type of 
water use to be characterized individually and unmasked by other uses in the home. This 
includes both indoor and outdoor uses.  This chapter provides the descriptive statistics and 
comparisons of the water use by end use.  As will be seen, the data are very encouraging in some 
areas, but raise questions in others. They also provide insights into how water conservation 
programs might be modified to more effectively reduce household water use. 
 
There were a total of 735 homes from which indoor flow trace data files were successfully 
obtained.  The total number of logged days was 9021, which was an average of 12.3 logged days 
per home.  It is important to keep in mind that in this chapter the results are presented either in 
terms of annual water use per account, measured in thousands of gallons (kgal) or average daily 
household water use, measured in terms of gallons per household per day (gphd). 
 
The research team has intentionally avoided normalizing the data on the basis of the number of 
residents per household for several reasons.  First, the number of residents in the home is one of 
the most important variables for explaining indoor water use, and we did not want to normalize 
on a key variable since this would create problems in the modeling of the data. Primarily, it 
would result in trying to create models in which the same variable appears on both side of the 
equation.  Secondly, every water agency provides water to households; not to individual 
customers.  All of the single-family billing data comes in the form of water deliveries to 
households.  Since this is the main form in which the agencies have their data, and little is known 
about the number or residents in individual homes, it seemed to make the most sense to do the 
water use analysis on the basis of household use.  Finally, normalizing on the basis of number of 
residents invites readers to assume that there is a linear relationship between the number of 
residents and water use.  As described in the modeling chapter, the results show that this is not 
the case, and the relationship is not linear; hence as additional people are added to a home the 
water use increases less with each additional person. 
 
Another important fact to keep in mind when reviewing these results is that a set of efficiency 
metrics, discussed later in this chapter, were established for this study, by which the efficiency of 
household use for toilets, clothes washers and showers was evaluated.  These performance 
metrics are generally in agreement with typical efficiency parameters used in the industry, but 
they are not official ―standards‖ in the sense of having been adopted by a regulatory body.  They 
are also metrics based on household use, rather than specific fixture definitions.  For toilets, the 
metric chosen was that the average household flush volume in the home had to be 2.0 gpf40 or 
less for the house to be tallied as meeting the toilet efficiency criteria.  The value of 2.0 gpf was 
chosen because it would include only homes that used toilets flushing at ULF or better volumes, 

                                                 
40 Note that 2.2 gpf was used as the criteria for individual toilet flushes and 2.0 gpf was used as the criteria for 

household average flush volumes. 
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but would allow a margin of error in their adjustments. This is an important performance 
measure, but is not attempting to say exactly what type of toilet was present in any home.   The 
purpose of the study was not to determine the makes and models of toilets in the home, but the 
household water use efficiency.  Toward that end, the model was not as important as the flush 
volume.  A high volume toilet modified to flush at less than 2.0 gpf would be counted as a ULF 
device, even though it was not designed as such, while a ULF toilet flushing at more than 2.2 
gallons would be counted as a high volume toilet. The only information we had on makes and 
models was from the survey results, which approximately half of the homes returned and, if the 
respondents can be trusted, indicated that approximately 67% of the toilets were ULF or better 
(See Table 66). 
 
There are three graphs that show the percentage of homes that meet the efficiency criteria.  For 
clothes washers the graphs come close to showing the ―penetration rates‖ for high-efficiency 
clothes washers, since most homes typically only have one clothes washer. For toilets, however, 
the results are not so clear.  The percent of homes that meet the efficiency criterion used for the 
study probably contain mostly ULF or better toilets.   The homes that fail to reach this criterion 
may contain a mixture of high volume toilets and possibly ULF toilets that are not flushing 
properly.  This distinction should be kept in mind when reviewing the statistical results.  
Histograms are also provided that show the percentage of individual fixture uses at varying 
volumes. These can be used to infer the percent of fixtures meeting various performance levels. 

Annual and Seasonal Usage 
As described in Chapter 5, a key goal of the logging group selection process was to have a group 
of homes for logging whose water use patterns were as similar as possible to those of the general 
population of single-family homes in each participating agency.   
 
Table 34The fact that the sample values are so close to those of the populations shows that if 
there are surprises in the results of the analysis, they are not due to the fact that the logging 
samples were skewed.  In all cases the logging group‘s annual water use matched that of the 
population. 
 
Table 34 also shows the weighted average of the annual water use based on the number of 
households in each agency.  The agencies, as a whole, served approximately 1.3 million single-
family accounts in 2005. Of these, 35% were in the north and 65% were in the southern part of 
the state.  The weighted average annual use for the group was 132 kgal per year (176 ccf/year).  
The annual water use for the logging samples was 134 kgal per year (179 ccf/yr). As explained 
below, the average daily indoor use for the agencies, as determined by the flow trace analysis, 
was 171 gallons per household per day (gphd).   This represents the best estimate of actual 
indoor use (plus leakage) for the homes, through direct analysis of water use events, rather than 
reliance on minimum month estimates.  By subtracting the indoor water use from the annual use, 
the outdoor use can be estimated.  The weighted average annual outdoor use for the group was 
190 gphd.  As shown in Figure 34, approximately 47% of household use was for indoor purposes 
and 53% was for outdoor use.  As discussed elsewhere in this report, use of non-seasonal water 
demands as a proxy for indoor use tends to underestimate outdoor use because it assumes that all 
of the non-seasonal use is indoor, when often there is significant irrigation during the winter 
period.  This is especially true in California where the winter climates are mild. 
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Examination of the data from the individual sites shows that there is relatively little variation in 
indoor uses, which range from a low of 146 gphd to a high of 222 gphd.  Outdoor use shows 
much more variability, ranging from a low of ~0 gphd to a high of over 850 gphd.  Having such 
a range of use is a benefit for the study group, since it better captures the range of uses in the 
state population.  It also allows for the models of water use to have a larger range of input values, 
which provides a greater responsiveness in the models to the factors that affect water use.  If all 
of the homes had similar water use patterns, the models would not have been able to predict 
water use except over a very narrow range of values, which would greatly decrease their 
usefulness.  Thus, having a wide range of data produces much more robust, realistic and useful 
models. 
 

Table 34: Comparison of Annual Water Use for Agencies in Study Group 

Agency No. SF 
Accts. 

Annual Use (kgal/yr) Mean Daily Use (gpd) 
Population 

SF 
 

Sample 
SF 

 

Annual 
 

Indoor 
(from data 
logging) 

Outdoor 

Davis Water Dept. 13,194 158 160 432 171 261 
EBMUD 306,950 107 105 293 164 129 
SCWA  63,624 107 106 293 161 132 
Redwood City 15,777 101 106 277 176 101 
SFPUC 52,349 65 65 178 182 ~0 
City of San Diego 217,893 114 115 312 146 166 
IRWD 45,878 148 147 406 179 227 
LADWP 485,000 153 159 419 181 238 
Las Virgenes 
MWD 

17,016 392 392 1073 222 851 

San Diego County  84,213 147 147 404 187 217 
Total N 1,301,894 1,492 1,502 4,087 1,769 2,322 
Weighted Avg. NA 132 134 361 171 190 
Percent of Total    100% 47% 53% 
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Indoor/Outdoor Split 
(Kgal and %)

Indoor, 62.4, 
47%Outdoor, 69.5, 

53%

 
Figure 34: Relative indoor and outdoor annual water use for study group 

 
Table 35 shows a comparison of the average daily water use for the study groups in Northern 
California versus Southern California.  This shows that the indoor uses are very similar, but the 
outdoor use in Southern California is 272% of that in the Northern California sites. In this table 
the annual use was obtained from the agency billing data, the indoor use was determined from 
the data logging, and the outdoor use was the difference between the annual use and the indoor 
use. 
 

Table 35: Comparison of water use by region 

Average Daily Use by Geographic Region (gphd) 
 Annual Indoor Outdoor 
Northern Sites 295 171 125 
Southern Sites 523 183 340 
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Indoor Uses 
The first set of analyses focus on indoor uses.  Leakage is included among indoor uses, but it 
should be kept in mind that many of the ―leaks‖ were likely associated with irrigation systems or 
pools. The analyses are also based on total household use (gphd), since we did not want to 
normalize the data on a per capita basis separately from the other important explanatory 
variables. 
 
The flow trace analysis yielded a list of all of the water use events recorded during the logging 
periods.  These data were contained in an Access database that was used to create a range of 
summaries for the analyses needed for the report.  For the statistical end use analyses presented 
here, the information shown in Table 36 was extracted for each study home.  Most of the 
parameters in the table are self-explanatory.   
 
The last three parameters were conditional variables (having a value of either 0 or 1) which were 
used as flags to denote whether or not the home met an efficiency criterion that the research team 
established for toilets, showers and clothes washers.  Houses that had values of less than 2.0 gpf, 
2.5 gpm, and 30 gpl were designated as ―efficient‖ homes for toilets, showers and clothes 
washers respectively.  The efficiency parameters used for this study do not represent official 
standards for household use, but they are useful ways to categorize household water use in terms 
of well-recognized efficiency levels for these devices. 
 

Table 36: End use parameters 

Parameter Description 
Keycode The unique code used to identify each study home 
Agency The water agency serving the home 
Indoor Use The total indoor water use in from all categories (gal) 
Outdoor Use The total volume of outdoor events (gal) 
Total Used The total water recorded in the trace (gal) 
Total GPD Total use divided by the number of days in trace (gpd) 
Indoor GPD Indoor water use divided by days in trace (gpd) 
Days The number of complete days in trace (days) 
Leakage The total leakage in trace (gal) 
Toilet, CW, DW, Faucet, 
Leaks, Bath, Shower, Other 
(GPD) 

The average daily leakage (gpd) for all identified end 
uses 

Avg. Shower Mode The average of the most frequent shower flow rates 
(gpm) 

Count of Shower Number of showers in trace 
Avg. Shower Volume Average of volume of water used per shower (gal) 
Avg. Toilet Volume Average toilet flush volume (gal) 
Count of Toilet Number of toilet flushes in trace 
Total CW  Total water use for clothes washers (gal) 
Count of CW Number of clothes water loads in trace 
CW GPL Average gallons per load for clothes washers (gpl) 
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Toilet Criteria Flag for house meeting ULF criteria (<2.0 gpf) 
Shower Criteria Flag for house meeting shower criteria (<2.5 gpm) 
CW Criteria Flag for house meeting CW criteria (<30 gpl) 
 

Total Indoor Use 
The average household indoor use for all of the logged homes in the California Single-Family 
Water Use study was 175 gphd with a 95% confidence interval of eight gpd.  This is not 
significantly different from either the indoor use reported in the REUWS study group as a whole, 
or just the 400 REUWS study homes located in California.  The REUWS study was based on 
data collected around 1997.  Table 37 shows the statistics for household indoor use for the two 
REUWS study groups, the California Single-Family Study, plus the EPA Retrofit Study.  The 
data from the EPA study is included as a benchmark, which shows the potential demands in 
houses using best available technologies in 1999. Neither the REUWS nor the California Single 
Home samples from this study approached the EPA consumption levels. 
  
Figure 35 provides a scatter diagram of the average indoor water use in the sample of homes, 
broken down into the Northern and Southern California sites.  This diagram shows that the 
indoor use for the two geographical areas is quite similar.  The simple average of the indoor use 
for the homes in the respective logging groups for Northern and Southern California were 169 
gpd for the northern homes, and 180 gpd for the southern homes.   
 
It is interesting to note that the simple average, shown in Table 37, of the indoor use for the 732 
study homes was 175 gphd.  The weighted average computed for the 10 study sites based on the 
number of single-family homes in their service area, shown in Table 34, was 171 gphd.  This is 
another indication of the high degree of similarity among the homes, and demonstrates that the 
results have not been skewed by over-weighting homes from any one agency.  Table 37 also 
shows that the only significant difference in indoor use among the groups is the EPA Post 
Retrofit group, which shows significantly lower indoor use than any of the others. 
 

Table 37: Household indoor use statistics for logged homes (gphd) 

Parameter REUWS 
All Sites 

REUWS 
California 

Sites 

California SF 
Sites 

EPA Post 
Retrofit Study 

Mean ± 95% C.I. 177  ± 5.5 186 ± 10.2 175  ± 8 107 ± 10.3 
Median 160 165 157 100 
N 1188 400 732 96 
Std. Deviation 96.8 104 111 50.9 
 
175 gphd = 63.8 kgal per year = 85 ccf per year 
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Figure 35: Scatter diagram of indoor household use (gphd) 

 
The indoor use results for each of the 10 study sites ranged from a low of 146 gphd to a high of 
222 gphd.  When evaluating these numbers, it is important to keep in mind that the indoor use 
also includes leakage, which may include leaks in pools and irrigation systems. 
 
The distribution of indoor use for all homes in the California study group is shown in Figure 36.  
This shows that the indoor water use is skewed toward the high end by a small number of homes 
that use a high amount of water.  The data show that 19% of the homes were using more than 
250 gpd for indoor purposes.  The high water consumption in the upper tier homes is clearly 
related to leakage events, as discussed below.  Also, when the percentage of total indoor use 
accounted for by each use bin is examined, as shown in Figure 37, it shows that the 19% of the 
customers using more than 250 gphd account for 38% of the total indoor water use.  This is just 
one of many examples of where large water users exert an impact on average use significantly 
out of proportion to their numbers.  
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Figure 36: Percent of households by indoor use bin 

 

 
Figure 37: Percent of total indoor use volume by indoor use bin 
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Figure 38 compares the indoor use for the study groups.  The striking feature of this graph is the 
markedly higher percentages of the homes from the EPA Retrofit group that were in the 50-100 
and 100-150 gphd bins, and the fact that none of the Retrofit homes were in bins greater than 300 
gphd.  The data from the Retrofit studies were obtained on two separate logging periods, three 
months and six months after the homes were upgraded.  This approach was used to help 
maximize the reliability of the data, by avoiding the period of novelty immediately after the 
installations. 
 

 
Figure 38: Indoor use histogram for California SF Study sites, REUWS, and EPA Retrofit 
Homes 

 

Disaggregated Household Use 
When the indoor water in the California Single-Family homes is disaggregated, it is seen that 
five categories: ―leaks‖, faucets, showers, clothes washers and toilets make up the bulk of indoor 
use. This is shown in Figure 39.   In the REUWS sample, toilets and clothes washers accounted 
for 27% and 22% respectively. In the California sites these two categories account for 20% and 
18% respectively.  This suggests that these two important water use categories have decreased in 
volume since 1997.  
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Figure 39: End use pie chart for all sites 

 
The changes in the household end uses since the 1997 REUWS study can be seen more clearly in 
Figure 40.  This figure shows the average daily water use by end use category for the California 
REUWS sites, all REUWS sites and the California Single-Family sites.  The 95% confidence 
intervals around each mean value are also shown on the graph.  This graph shows that there has 
been a significant reduction in both toilet and clothes washer water use.   Unfortunately, there 
was a simultaneous increase in water use for showers, faucet and leaks/continuous uses.  The 
increase in the shower, faucet and ―leak‖ categories offset the reduction in the toilets and clothes 
washers.  If the data were not disaggregated, these increases would have masked the benefits 
from the toilet and clothes washer improvements, and given the incorrect impression that the 
efforts to improve household water use efficiency had been totally ineffective.  
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Figure 40: Comparison of household end uses 

Toilet Use 
The toilet data presented in this study need to be understood carefully to avoid being 
misinterpreted.  The data are presented from two perspectives: that of the volumes of the 
individual flushes, and also from the perspective of overall household use for toilet flushing and 
average flush volumes per home.  For individual flushes, we have used a criterion of 2.2 gpf to 
designate a toilet meeting at least the 1.6 gpf ULF standard.  The criterion for the household 
average flush volume was set to 2.0 gpf, because a greater margin of error was desired for 
individual toilets than for average household flush volumes.  
 
The terminology for toilets is somewhat confusing due to the fact that what was once the best 
available technology, the ULF or 1.6 gpf toilet is now the standard toilet, and the new High 
Efficiency Toilets (or HET) represent the best available technology.  A High Efficiency Toilet is 
one that flushes at 1.28 gpf or less. It is convenient to classify toilets into three groups: high-
volume toilets, which use more than 1.6 gpf; ULF design toilets of 1.6 gpf; and High Efficiency 
Toilets, which use 1.28 gpf or less.  The precise demarcation between ULF design toilets and 
high volume toilets is unclear since there is such a wide range at which ULF toilets actually 
flush. 
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Table 38 provides statistics on individual toilet flush volumes from the study sites. The data 
show that toilet use is still the number one category for water use, accounting for 36.1 gpd of the 
total indoor use.    
 
One goal of the study was to use the data collected from the flow traces in order to make 
estimates of the penetration rate of ULF or better41 toilets in the study group, and to compare the 
penetration rates from this study to previous studies such as the REUWS.  The problem is 
complicated by the fact that although a toilet may flush at more than 1.6 gpf, it does not prove 
that it is a non-ULF designed toilet.  Many ULF toilets may be flushing at 2.0 to 3.0 gpf, or 
more, if they are defective or have the wrong after-market flappers installed.  On the other hand, 
there are products available for reducing high volume toilet flushes into the ULF range. 
 
If there was a distinct dividing line between ULF or better and high volume toilets in terms of 
gallons per flush, one could simply take that volume and count all flushes with volumes equal to 
this or less as efficient toilets and all flushes with flushes greater than this as high volume or high 
water use toilets.  As shown in Table 38 and Table 39, if that dividing line was 2.5 gpf then the 
estimate for efficient toilets would be 59%.  If the line were raised a bit to 2.75 gpf then the 
estimate of efficient toilets would also rise to 64% of all flushes.  If one assumes that all of the 
toilets are flushed at approximately the same rate then these percentages would equate to the 
percent of actual toilets in the population.42 
 

Table 38: Toilet flush volume statistics 

Parameter Value 
Events identified as flushes in database 122,869 
Average flushes per house per day 13 
Average toilet flush volume (gal) 2.76 
Median flush volume (gal) 2.45 
% of all flushes < 2.5 gal/flush 59% 
% of all flushes < 2.75 gal/flush 64% 
Average flushes per person per day 4.76 
Median flushes per person per day 4.14 
 
 

                                                 
41 Efficient toilet means any ULF or better toilet. 
42 If one is not willing to assume this then the percentages would represent the maximum penetration rates since one 

would have to assume that the newer, efficient toilets would be flushed more frequently than the older 
models. 
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Figure 41: Histogram of individual toilet flushes (N= 122,869) 

 

Table 39: Distribution of toilet flush volumes 

Bin (gpf) Flushes Total  
Volume in 
Bin (gal) 

Rel. 
Freq. 

Cum. Freq. 

0.25 19 4 0% 0% 
0.50 305 206 0% 0% 
0.75 930 835 1% 1% 
1.00 2,955 3,382 2% 3% 
1.25 11,206 15,540 9% 13% 
1.50 15,877 25,749 13% 25% 
1.75 14,798 27,547 12% 37% 
2.00 10,893 23,073 9% 46% 
2.25 9,249 21,858 8% 54% 
2.50 7,055 18,429 6% 59% 
2.75 6,023 17,289 5% 64% 
3.00 6,506 20,273 5% 70% 
3.25 5,093 17,152 4% 74% 
3.50 5,329 19,300 4% 78% 
3.75 5,488 21,251 4% 83% 
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Bin (gpf) Flushes Total  
Volume in 
Bin (gal) 

Rel. 
Freq. 

Cum. Freq. 

4.00 4,435 18,249 4% 86% 
4.25 4,197 18,318 3% 90% 
4.50 2,886 13,315 2% 92% 
4.75 2,811 13,675 2% 94% 
5.00 1,660 8,489 1% 96% 
More 5,154 33,226 4% 100% 
Totals 122,869 337,160 100%  
 
Using the same 2.75 gpf cut-off point, if one looks at the toilet flush distribution from the 
REUWS study, shown in Figure 42, then 26% of all flushes (toilets) would be ULF or better 
devices.  This would imply a change from 26% to 64% ULF or better toilets in approximately 10 
years. This is equivalent to 38% of the toilets in 10 years, or 3.8% per year change-over. 

 
Figure 42: Histogram of toilet flushes from REUWS study group 

 
If we line up both histograms on the same graph the change in flush volume distributions 
becomes even more impressive.  This comparison is shown in Figure 43.  In this figure the 
change in the number of flushes from the higher bins to the lower represent high volume toilets 
that have been replaced with ULF or better devices. 
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Figure 43: California Single-Family Homes vs. REUWS toilet flush volume distributions 

 
In order to estimate the percentage of efficient toilets in the California SF sample, the most 
useful comparison would be against a distribution of flushes from a group of homes which were 
known to contain only ULF toilets.  Fortunately, such a data set is available from the EPA New 
Home Study.  In this study, only homes built after 2001 were included that provide us with a 
flush volume distribution from only ULF toilets43.  The comparison of the California SF homes 
to the EPA New Homes is shown in Figure 44.   
 
If one assumes that the flush distribution for the New Homes represents a true distribution of 
flush volumes for ULF toilets, then by subtracting the relative frequency in each of the bins at 
3.0 gpf or greater for the New Homes from the California Study Homes, we can get an estimate 
of the percent of non-ULF toilets in the California distribution.  This difference comes out to 
~30%, which implies that 70% of the toilets in the sample are ULF or better.  This approach 
gives a higher estimate of ULF or better toilet penetration, since in the estimates based on a hard 
dividing line between efficient and high volume devices none of the flushes above the line are 
counted as efficient.  When the estimate is based on the actual distribution of ULF or better 
toilets, then a percentage of the flushes above the cut-off are counted in the efficient category 
based on the empirical data from the New Home study group. 

                                                 
43 These homes contained predominantly 1.6 gpf toilets based on current building codes to meet the 1992 EP Act.  

There may have been a few HET toilets, but not a significant number. 
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Figure 44 also shows that in a population known to be equipped exclusively with ULF toilets, the 
largest percentage of flushes are between 2.0 and 2.25 gallons. This bin accounts for 25% of all 
of the flushes. On a cumulative basis, however, 48% of all of the flushes are greater than 2.0 
gallons. The fact that such a large percentage of flushes are greater than 2.0 gallons per flush is 
noteworthy, since if all toilets had been performing as designed one would expect few if any of 
the flushes would be greater than 2.0 gpf. 
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Figure 44: Comparison of California SF Homes to New Homes  

 
From the perspective of the efficiency of household water use, which is the main topic of this 
research project, it is important to consider household efficiency levels as well as penetration 
rates of high-efficiency toilets.  From this perspective what is important is the percentage of 
households that are meeting specific efficiency benchmarks for toilet flushing, irrespective of the 
type of toilet installed.  The fact that such a high percentage of ULF toilets are flushing at more 
than 2.0 gpf is significant in this discussion. 
 
Figure 45 shows the distribution of the average toilet flush volumes in the 732 study homes.  The 
average flush volumes were determined by taking the total volume of water used for toilet 
flushing in the home over the logging period, and dividing this volume by the number of flushes 
counted in the home.  Hence, the value represents the average of all of the toilets in the home.  
Figure 45 indicates that 30% of all homes in the group have average flush volumes of 2.0 gpf or 
less. Note that this does not imply that only 30% of the toilets in the population are ULF or better 
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since, as discussed above the flush distribution data and survey data show that between 64% and 
72% of all toilet flushes appear to be caused by ULF or better-rated devices. The question is: 
why, with such a high percentage of ULF-type toilets in the population, do so few of the homes 
have average flush volumes of 2.0 gpf or less? 

 
Figure 45: Histogram of average household flush volumes (N=732) 

 
Even though the data appear different on the surface, there is actually no contradiction between 
the penetration rates of individual toilets shown in Figure 41 and the percentage of households 
meeting the efficiency benchmark of 2.0 gallons per average flush.  The reason for this is that 
there is a much wider diversity of the types of toilets found in the homes, and the fact that so 
many ULF-type toilets are flushing at 2.0 gpf or more. 
 
The fact that houses contain mixtures of toilets is important for understanding how toilet 
replacements impact household toilet use.  For a house to meet the efficiency metric established 
for this study, all of the toilets in the home must be flushing at or near the ULF standard (~1.6 
gpf).  Homes with one ULF and one high volume toilet will not meet the criterion. They will be 
flushing at an average of ~2.5 gpf.  In a group of 100 homes with two  toilets per home: if as 
suggested by the data, 30% have two ULF toilets and 60 % have one  ULF toilet, and 10% have 
no ULF toilets this would require 120 out of 200 toilets, or 60% of all of the toilets be ULF 
models. So, a household saturation of 30% implies a fixture saturation of ~60%, which is 
precisely what these data show. 
 
In order to examine the mixture of toilets within individual homes a toilet uniformity factor was 
calculated for each home in the study.  This factor was the ratio of flushes less than 2.2 gallons to 
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the total number of flushes recorded for the home.  The distribution of these factors for study 
homes is shown in Figure 46.  The Y axis of this graph represents the percent of homes having 
the percent of their total flushes at 2.2 gal or less shown on the X axis.  The data on the left end 
of the graph represent homes with few sub-2.2 gallon flushes and the data on the right side 
represent homes with a high percentage of sub-2.2 gallon flushes.  
 
The graph shows that 25% of the homes had less than 5% of the flushes recorded at less than 2.2 
gallons.  These homes are most likely not equipped with any ULF toilets, or if they have a ULF 
they never use it, or they may have one or more malfunctioning ULF toilets.  On the other side of 
this equation this shows that 75% of the homes appear to have at least one ULF toilet.  The 25% 
of homes with no ULF toilets represent opportunities for substantial conservation. 
 
On the right side the graph the data show that there are 11% of the homes where 95-100 percent 
of the flushes were less than 2.2 gallons.  These are homes that are in all likelihood fully 
equipped with all ULF toilets or better.  As one moves toward the center of the graph the data 
represent homes with more even mixes of ULF or better and high volume toilets.  This type of 
distribution makes a lot of sense for a population of existing homes that are gradually being 
retrofit with higher efficiency toilets.  

 
Figure 46: Percent of houses with varying -percentages of ULF flushes 

Clothes Washer Use 
Table 40 shows the statistics for clothes washer use in the northern sites.  There were a total of 
7,935 loads of clothes registered during the logging.  This worked out to an average of 0.96 loads 
per house per day.  The average load used 36.0 gallons of water and the median load volume was 
37.0 gallons.  A total of 29% of the loads were less than 30 gallons.  

0% 

5% 

10% 

15% 

20% 

25% 

30% 

Percent of flushes < 2.2 gal 

R
el

at
iv

e 
Fr

eq
ue

nc
y 

  

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

C
um

ul
at

iv
e 

Fr
eq

ue
nc

y 

Rel % 25% 6% 3% 4% 4% 3% 3% 2% 3% 3% 4% 2% 3% 3% 3% 3% 5% 5% 7% 11% 
Cum % 25% 31% 34% 38% 41% 44% 47% 48% 51% 54% 58% 60% 63% 66% 69% 72% 77% 82% 89% 100% 

5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100% 
 



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 144 

Table 40: Clothes washer statistics 

Parameter Value 
Total number of loads in database 7,935 
Average loads per household per day 0.96 
Average gallons per load 36.0 
Median gallons per load 37.0 
% of loads < 30 gal 29% 

 
The distribution of load volumes from the data is shown in Figure 47.  At the time of the 
REUWS only around 1% of the clothes washers used less than 30 gal, so the current data 
represents a major advance, but the data also show that there is still significant potential for 
savings in clothes washer use. One can also use Figure 47 to determine the effect of using 
different criteria for high-efficiency houses.  For example, if the limit were set to 25 gpl, only 
20% of the houses would fall into the high-efficiency definition.  We know that during the study 
period there were many clothes washers that use 25 gpl or less. These machines would have 
water factors of seven  or less, where the water factor equals the volume per load per cubic foot 
of capacity. 
 

 
Figure 47: Distribution of clothes washer volumes 
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Shower Use 
As shown in Table 41, there were a total of 17,334 showers identified in the site flow traces.  The 
average flow rate of these showers was 2.14 gpm, and the median flow rate was 1.99 gpm.  The 
average shower volume was 18.2 gallons.   The distribution of individual shower flow rates, 
shown in Figure 48, indicates that the nearly 80% of all showers are flowing at 2.5 gpm or less.  
These data indicate that the market is close to saturated with respect to 2.5 gpm showerheads.  
The distribution of shower volumes, shown in Figure 49, shows a fairly normal distribution with 
the mean use of 18.2 gallons per shower.  
 

Table 41: Shower statistics 

Parameter Value 
Total number of showers in database 17334 
Average number of showers per day per 
household 

1.97 

Average gallons per shower 18.18 
Average shower duration (minutes) 8.7 
Median shower duration (minutes) 8.3 
Average shower GPM 2.14 
Median shower GPM 1.99 
Percent at 2.5 GPM or less 79% 
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Figure 48: Distribution of shower flow rates 
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Figure 49: Distribution of shower volumes 

 

Leakage and Continuous Uses 
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and that it contains events that don‘t fit in other categories and appear to be unintentional 
leakage.  In some cases, however, events may give the appearance of leakage, even though they 
are not leaks.  The case of the constantly running reverse osmosis system was discussed above, 
for example. So, technically, leaks should be thought of as a group of events that include true 
water leaking from the system, as well as other events that give the appearance of leakage.  The 
statistical modeling section describes the factors, such as automatic irrigation systems and 
swimming pools and home water treatment systems that are related to increased leakage rates. 
 
The leakage patterns from this group of homes show the same heavily-skewed distribution that 
leaks in all other end use studies have shown. The majority of homes were found to ―leak‖ at low 
rates. During the 9021 logged days in the study, the average daily leakage rate was 30.8 gallons, 
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The homes with leakage rates of 10 gpd or less make up 45% of the sample.  These are from 
short duration leaks which would probably never show up in an audit, and which might be due to 
things like how people operate faucets.  Leakage at 10 gpd or less is probably unavoidable.  
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Homes with old or inaccurate meters, which do not pick up very low flows, may have their 
leakage rates understated. 
 

Table 42: Statistics on leakage 

Parameter Value 
Total number of days in database 9,021 
Average leakage, gpd 30.8 
Median leakage, gpd 11.5 
Max leakage in set, gpd 687 
% houses w/ leakage > 50 gpd 14% 
% of house w/ leakage > 100 gpd 7% 

 

 
Figure 50: Percent of homes by leakage rate 
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Figure 51: Percent of total ―leak‖ volume by leakage rate 
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system should ever require 24-hour operation.  A leaky zone valve, however, can easily explain a 
continuous flow of water through the system.  
 
The only case where a continuous flow could be explained would be if a household was 
attempting to treat all of the water used for indoor purposes with an RO system, but very few 
homes in the study had these types of systems, and of the ones that did, we do not know 
precisely how they are operated.  It is unlikely, however, that enough homes are practicing this 
type of total indoor treatment to sway the results. 

Faucet Use 
While faucet use is not as heavily skewed as leakage, it does resemble the leakage pattern in 
shape.  Faucet use tends to be a category that collects miscellaneous uses that do not clearly fall 
into the other categories.  Ice machines and normally operating pool fillers will get categorized 
as faucets, unless they have very distinctive flow patterns. The types of activities requiring faucet 
use -are very diverse and difficult to determine without intrusive investigations into the home. 
The survey information from the study should throw some light on the factors that affect faucet 
use.  The basic statistics of faucet use are shown in Table 43.  
 

Table 43: Faucet statistics 

Parameter Value 
Total number of days in database 9021 
Total number of faucet events 538,484 
Average faucet events per day 57.4 
Median number of faucet events 42.9 
Average duration of faucet event 37 sec 
Average peak flow of faucet events 1.1 gpm 
Average volume of faucet events 0.6 gal 
Average faucet use,  33.0 gphd 
Median faucet use,  27.0 gphd 
Max faucet use in set 220 gphd 
% houses w/ faucet use > 50 gphd 16% 
% of house w/ faucet > 100 gphd 3% 
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Figure 52: Distribution of daily faucet use (gphd) 

 
Figure 53: Distribution of number of faucet events per household 
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Figure 54: Average duration of faucet events (sec) 

 

 
Figure 55: Average volume per faucet events (gal) 
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adjustment, or for a low efficiency device (like a toilet) to have been modified to perform at a 
higher level.  There are many instances of toilets rated as ULF devices flushing at more than 1.6 
gpf. These toilets, if they flush at more than 2.2 gallons, would not be counted as efficient 
devices in our analysis even though they are physically present. On the other hand, older toilets 
with dams or displacement devices may be flushing at less than 2.2 gpf, and these would be 
counted as ULF devices. 
 
In order to qualify as efficient each home had to meet the criteria for each device shown in Table 
44.  A careful reader will notice that the criteria used for household toilet use, 2.0 gpf, is slightly 
lower than that allowed for individual toilet flushes, which was set at 2.2 gpf. This was done 
intentionally because we wanted to allow a greater degree of variability for the individual flushes 
than for the overall average flush volumes.  
 
The results of the household efficiency analyses for the combined sites are shown in Figure 56.  
In the case of clothes washers, where there is normally only one washer per home, 30% is a good 
estimate of the actual penetration rate for high-efficiency clothes washers.  In the case of 
showers, there may be old showerheads in the group that have gradually fallen back to the 2.5 
gpm flow rate due to degradation or mineralization. In the case of toilets, where there are 
typically two or more toilets per home, and each home will have its own mixture of standard and 
ULF or better devices, it would require a higher percentage of individual toilets to achieve a 
given level of household efficiency.  The data in this study suggest that 60% or more of the 
individual toilets are ULF or better devices, but due to the mixing of ULF and high volume 
toilets in the homes and the wide variation in actual toilet flush volumes, only 30% of the 
households have average flush volumes (for all recorded  flushes) of 2.0 gpf or better. 
 

Table 44: Metrics used for efficiency determination 

Device Efficiency Criteria 
Toilets Ave gallons per flush < 2.0 gpf 
Showers Ave shower flow rate < 2.5 gpm 
Clothes washers Ave load uses < 30 gal 
 
In the case of clothes washers, a load volume of 30 gallons per load would be equivalent to a 
water factor of 8.6 gal/cf for a 3.5 cubic foot machine.  In 2005 these represented high-efficiency 
machines.  Current clothes washer water factors for the best efficiency machines are 4.5 or 
better, which would equate to less than 16 gallons per load.  
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Figure 56: Percentages of homes meeting efficiency criteria for toilets, showers and clothes 
washers 
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Outdoor Use 
There were a total of 734 homes for which valid flow trace data were obtained, which we 
included in the indoor analyses.  Of these a total of 639, or 87%, appeared to be irrigating.  
Evidence of irrigation came from analysis of aerial photography on 61244 lots for which aerials 
could be obtained and 25 lots in the remaining 120 for which aerials could not be obtained, but 
for which the annual water use was too high to be for indoor uses only.  The following analyses 
are based on the sample for which aerial photos were available, and are thought to be 
representative of the irrigators in the group. All of the data reported in this section includes the 
revised irrigated areas resulting from the re-analysis of new aerial photos from the IRWD and 
EBMUD service areas done in January 2011.  It should be kept in mind that when estimating 
means for the population it is necessary to apply a correction factor since these customers make 
up only 87% of the entire population. The same is true for each study site.  For example, the 
average outdoor use in the EBMUD irrigating homes was 60 kgal, but since only 76% of the 
homes in the population appeared to be irrigating, the average outdoor use for the population 
would be closer to 46 kgal, which compares well with the seasonal use shown in Table 34 of 47 
kgal (129 gpd x 365). 
 
 

Table 45: Outdoor use in irrigating homes 

Group Average Annual Outdoor Use 
(kgal) 

Number 

All logged homes 82.0 734 (100%) 
Homes that were irrigating 92.4 639 (87%) 
Homes with aerials 92.6 614 (84%) 
 
The procedure used for analysis of the outdoor use was described in detail in Chapter 5.  The 
major parameters that were used for inputs in that analysis were:  
 

 Annual outdoor water use (kgal) 
 Lot size/irrigated area of lot (sf) 
 Landscape coefficient (weighted average of crop coefficients for landscape) 
 Irrigation efficiencies 
 Net ETo 

 
Outputs used for the analysis were: 

 Theoretical irrigation demand  
 Actual irrigation application 
 Excess (deficit) use 

 
 

                                                 
44 Reduced from 614 after area reviews by IRWD and EBMUD. 
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Lot Size 
The statistics for lot size are shown in Table 46, and the distribution of lot sizes is shown in 
Figure 57.  Lot sizes are skewed to the right side, with the average lot size being significantly 
larger than the median.  

Table 46: Lot size statistics 

Parameter Lot Size (sf) 
Average 9219 ± 985  
Median 6855 
Maximum 226,670  
 

 
Figure 57: Distribution of lot sizes in California Single-Family Water Use Study group 

Annual Outdoor Use Volumes 
The average annual outdoor water use is shown in Table 47.  This value ranged from a low of 17 
kgal per account to a high of 226 kgal per account.  The average outdoor use for all of the sites 
was 92.7 kgal per year.  These estimates are based on the data logging results and are not the 
same as the estimates generated from analysis of the billing data, which were based on seasonal 
and non-seasonal use.  Normally, data logging gives a lower estimate of indoor use and a higher 
estimate of outdoor use than billing records.  This is because there is usually some outdoor use 
occurring in the winter months, which is included in the non-seasonal billing estimate.  If this is 
used as a proxy for indoor use, it will somewhat overstate the indoor use and understate the 
outdoor use. 
 

 In this study group the average non-seasonal use determined from billing data was 75 
kgal/year, and the average outdoor use estimated from data logging was 93.6 kgal/year. 

   
The distribution of outdoor use follows a log normal pattern as shown in Figure 58.  This figure 
presents the percent of all customers that are using various volumes of water for outdoor 
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purposes.  When based on the numbers of customers, the large users appear of little significance.  
When presented on the basis of the percent of the total outdoor water use for which each 
consumption bin accounts, the situation appears different.  
 
As shown Figure 59, the large users account for a percent of the total volume of outdoor use out 
of proportion to their numbers.  For example, only 33% of the customers use more than 100 kgal 
per year for outdoor uses, but these customers account for 62% of the total outdoor use. 
 

Table 47: Outdoor water use statistics for irrigating homes 

Parameter Outdoor Water Use (kgal) 
Average  93.6 ± 7.06 
Median 67.9 
Maximum 644 
 

Figure 58: Percent of homes by annual outdoor use volume 
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Figure 59: Percent of total annual outdoor use by household use volume 
 

Irrigated Area 
The irrigated areas in this report have been reviewed by the agencies, and in some cases updated 
using newer aerials as was the case for IRWD and EBMUD.  In the case of IRWD the revised 
areas are larger than the original analysis, and in the case of EBMUD the revisions led to 
decreases in the estimates.  The key factors that led to the revisions lay in how parcels were 
classified as either non-turf or xeric plant covers as opposed to non-irrigated land.  In the aerial 
photos it was often difficult to draw a clear distinction in these marginal lands.  Modifications 
were also made to several lots in the Sonoma County Water Agency service area to ensure 
consistency in how tree canopy was measured.  In all cases a combination of the aerial photos 
and notes from the field verification were used as guides for the determination. 
 
The statistics for the irrigated areas for the study group are shown in Table 48.  The areas are 
skewed to the right with the median values significantly lower than the average.  The 
distributions of areas are shown in Figure 60, which shows the percentage of the homes with 
larger areas dropping off geometrically with increasing areas.   As shown in Figure 61, there was 
a correlation between irrigated area and total lot size demonstrated by the data.  This is useful 
because it is much easier to obtain lot size information than irrigated area information, and 
having a relationship to predict irrigated area makes it possible to do projections for populations 
more easily. The distribution of irrigated areas in the study homes is shown in Figure 60.  

Table 48: Irrigated areas 

Parameter Irrigated areas (sf) 
Average  3370± 232 
Median 2648 
Maximum 31,504 
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Figure 60: Distribution of irrigated areas 

 
Figure 61 shows the relationship between irrigated area and lot size for the study homes.  
Logically, one would expect that the best fit line between lot size and irrigated area would pass 
through the origin, since lots with no area would also have no irrigated area. In fact, the best fit 
line does not pass through the origin, but crosses the irrigated area axis at a positive value when 
the total lot size is zero, and this line provides a higher R2 value than one that does pass through 
the origin.  The reason for this is that the large lots with little irrigated area on the right end of the 
diagram skew the results.  The smallest lot in the study group, located in Davis, had a total area 
of 1263 sf and an irrigated area of 651 sf.  Use of the relationship for lot sizes smaller than this is 
pushing it beyond its reasonable range. The relationship shown in this figure would be useful for 
making predictions of irrigated area on a population of single-family homes for planning 
purposes.  Based on the amount of scatter in the data, however, it would not be a good predictor 
for individual lots or small groups of lots. 
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Figure 61: Irrigated area versus lot size 

Our experience with determining irrigated area in this study shows that it is more complicated 
than one would first think.  Many aerial photos are poorly suited to irrigated area determination.  
Photos are often taken during early spring before leaves are out, and these do not show irrigation 
well.  Photos are often of low resolution, which makes it difficult to detect details that would 
help.  It is optimal to take photos with infrared wavelengths, which greatly help to identify the 
areas that are being irrigated.  In most urban areas it is appropriate to give lots areas that are 
covered with vegetation some level of crop coefficient, which results in a water requirement 
being generated.  In some areas, though, lots include historic (legacy) forests or grasslands that 
are not part of the irrigated landscape. Defining these, and making sure that only areas with 
legitimate irrigation requirements are included in the TIR calculations is a challenge, even with 
ground verification. 

Irrigation Application Rates 
The volume of water applied, divided by the irrigated area, yields a value of gallons per square 
foot, which can be converted to inches based on the relationship that 0.623 inches of water 
equals 1 gpsf, which represents the average application rate for the landscape.  When this was 
done for each of the irrigating homes, the actual application rates were determined, and the 
average application rate for each site was calculated. Two of the ten sites were found to be 
applying less than the Net ETo and eight were applying more, on average.  Overall, the sites 
were applying more than the Net ETo during the study year. 
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The data on application rates provides information about depths of applications, but it does not 
tell how much actual irrigation water is being used since small lots may be applying at high rates, 
but since their areas are small the volumes of water are small also.   

Irrigation Application Ratios 
As discussed in CHAPTER 5 the theoretical irrigation requirement is related to the ETo, the 
irrigated area, the crop coefficients of the plantings and the irrigation efficiencies.  When all are 
considered the theoretical irrigation requirement for each lot can be estimated in either gallons or 
inches.  The ratio of the actual irrigation application to the theoretical irrigation requirement is 
referred to as the application ratio. When this is greater than one there is excess irrigation 
occurring, and when it is less than one there is deficit irrigation.  
 
The application ratios are key parameters in assessing irrigation use because they indicate at a 
glance whether a given site is over- or under-irrigating.  They do not however, tell anything 
about volumes of excess use because these depend on the irrigated areas and the volumes of the 
theoretical irrigation requirements. To elaborate on this point, the overall average application 
ratio is 1.36, but that does not mean that the volume of outdoor use represents 136% of the 
overall TIR.  The reason for this is that the irrigation volume is the product of the application 
ratio times TIR for each lot.  The group contains small lots with high application ratios but small 
volumes of excess irrigation and large lots with smaller application ratios but very large volumes 
of excess use.   
 
Another key fact is the distribution of excess irrigation.  Figure 62 shows the distribution of 
application ratios in the study homes.  This shows a typical log normal distribution with around 
2% outliers at the top end.  The fact that 46% of the homes are not over-irrigating is a very 
important fact to keep in mind when designing irrigation conservation programs, such as 
weather-based irrigation controllers, or improved irrigation scheduling.  Customers who are 
deficit irrigating need to be approached differently than customers that are over-irrigating, and 
programs need to target them appropriately. 
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Figure 62: Distribution of application ratios in study homes 

Percentage of Lots With Over-Irrigation 
Approximately 44% of the lots on which irrigation was occurring were over-irrigating. This is 
equivalent to 38% of all of the logged lots because only 87% of the lots in the study group 
appeared to be irrigating. As pointed out in the following section, most of the excess use is 
occurring on a small percentage of the lots. The gross percentages of customers who are over-
irrigating does not tell us about the volumes of over-irrigation since even very small amounts of 
over-irrigation are enough to put a lot into the over-irrigation category.  The fact that just over 
half of the combined sites are applying more than their theoretical irrigation requirements shows 
that over-irrigation is not a universal problem in single-family landscapes. 

Excess Irrigation Volumes 
In any system there are some customers who are irrigating in excess of the requirements and 
some that are deficit irrigating. Excess irrigation is the difference between the actual volume of 
water applied to the landscape and the theoretical irrigation requirement. From the perspective of 
water conservation, this is a key parameter because it is a measure of potential actual volume of 
water savings from improved irrigation management.  If excess irrigation could be eliminated 
without simultaneously eliminating deficits, then outdoor savings could be maximized. 
 
If we look all of the irrigating homes and compare their average outdoor use to the average 
theoretical requirement we see that the two values are close to each other.  The average annual 
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outdoor use for the group as a whole is 92.7 kgal.  The average theoretical irrigation requirement 
for the group is 89.9 kgal.  So, taken as a whole, there is only 2.8 kgal of excess use per lot 
occurring in the group.  Another way of looking at this is that the under-irrigation in the less-
than-TIR group just about balances the over-irrigation in the more-than-TIR group.  If all 
irrigators were brought into compliance with their theoretical requirements then the data indicate 
that the net result would be little change in overall use.    
 
The fact that the difference between the average outdoor use and the average theoretical 
irrigation requirement is small does not mean that there is no potential for irrigation savings.  
The savings potential is there, but it exists only on the lots of customers who are over-irrigating.  
From the perspective of water conservation, the customers who are deficit irrigating need to be 
set aside, and attention needs to be targeted to the over-irrigators. 
 
If we assume that the people who are under-irrigating are doing so because that is how they like 
their landscapes, then the goal would be to discourage over-irrigation without simultaneously 
encouraging the under-irrigators to increase their outdoor applications.  If this is done we can 
estimate the savings potential on just the lots where over-irrigation is occurring.  The excess use 
is calculated as the actual application (kgal) minus the theoretical requirement (kgal), but the 
value was set to zero on lots that were deficit irrigating.  When defined in this manner, excess 
irrigation captures the potential savings in irrigation use by eliminating over-irrigation use while 
allowing the under-irrigation to proceed.   
 
Figure 63 shows the distribution of the number of accounts in various excess use bins. When 
viewed strictly in terms of numbers of accounts, the heavy users seem relatively unimportant.  
When one looks at the percent of the total volume of excess irrigation use for each consumption 
bin then the impact of the higher users becomes much more dramatic. For example, Figure 63 
shows that 0-20 kgal group makes up 62.5% of all accounts, but we see in Figure 64 that this 
group accounts for only 17.8% of the total volume of excess use.  The homes that are using more 
than 60 kgal of excess irrigation water make up only 18% of all irrigators, but they account for 
62% of the total excess volume. 
 
The excess use statistics shown in Table 49 show that the average excess use on the lots that are 
irrigating is approximately 30 kgal per year.  Since only 87% of the lots were irrigators, the 
average excess use for all single-family accounts is estimated at 26.2 kgal per year.  
Approximately 62% of this excess use is occurring on 18% of the irrigating lots or 15% of all 
lots. 
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Figure 63: Distribution of excess irrigation by number of accounts 
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Figure 64: Percent of excess volume attributed to excess use bin 
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Table 49: Excess use parameters 

Irrigation Parameter Value 
Number of lots analyzed from aerials 614 
Net over application  6.7 kgal 
Average excess use on irrigating lots (87%) 29.6± 4.13 kgal 
Average excess use on all lots 25.6 kgal 
Median excess 2.4 kgal 
Minimum excess 0 kgal 
Maximum excess 364 kgal 
 
In interpreting the excess use statistics the average excess use was determined by taking the sum 
of the excess use for each lot with negative values for deficit irrigators set to zero.  This means 
that this is the total of just the excess uses, and represents the average savings per lot if the 
excess use could be eliminated while the deficit irrigation was allowed to continue.  If one 
simply takes the average of the net application including both positive and negative values then 
the average savings drops to 6.8 kgal per lot.   

Diurnal Use  
The time of day at which water uses occurs is important for demand forecasting both for water 
and energy.  These diurnal use patterns were analyzed using the water event database for the 
entire study group.  The total volume of water used for each use category was summed from the 
event database by the hour of day that the use began.  Irrigation use was determined for both 
summer and winter so that the difference in seasonal use patterns could be quantified.  The 
results are presented in the following tables and graphs. 
 
Figure 65 shows the percentage of total winter and summer household use occurring during each 
hour of the day.  It is noteworthy that the lowest daytime demands in single-family residences 
tend to occur during the peak energy demand period from noon until 6:00 pm. The following 
graphs show, however, that there is still a considerable amount of daytime irrigation use in these 
homes. If people would refrain from irrigating during the noon to 6:00 pm period it would reduce 
peak electric period water use. 
 
Figure 66 shows the percent of the water use for each category occurring by hour of day.  This 
shows the sequence of when demands for various single-family end uses come onto the system.  
In this graph the relative demands are not to scale relative to each other since each is based on 
the hourly percent for the individual end use.  It is interesting to note that most single-family 
residential demands are outside of the periods of peak electrical demand. Most irrigation 
demands occur between 3:00 and 6:00 am.  These data are presented in tabular form in Table 50. 
 
The percent of total household water use associated with each end use is shown in Figure 67 for 
the winter (October through April) period and Figure 68 for the summer (May through 
September) period.  In these graphs the magnitudes of the demands are shown in scale relative to 
each other, as percentages of total household use.  The hourly data are presented in tabular form 
in Table 51and Table 52.   
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Figure 65: Diurnal use patterns for total household use, winter and summer



California Single-Family Water Use Efficiency Study      6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                          www.aquacraft.com 
Page 166 

Diurnal Use Patterns
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Figure 66: Percent of use by category on hourly basis 
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Table 50: Percent of category water use by hour of day 

Hour of 
Day 

Bath Clothes 
Washer 

Dish 
washer 

Faucet Leak Other Shower Toilet Indoor Irrigation 
(Summer) 

Irrigation 
(Winter) 

0:00 1% 1% 3% 2% 4% 4% 1% 2% 2% 3% 2% 
1:00 0% 1% 1% 1% 3% 4% 1% 2% 1% 1% 2% 
2:00 0% 0% 1% 1% 3% 5% 0% 2% 1% 1% 1% 
3:00 0% 0% 0% 1% 2% 4% 0% 1% 1% 4% 8% 
4:00 1% 0% 0% 1% 3% 2% 1% 2% 1% 5% 6% 
5:00 3% 0% 1% 2% 3% 2% 4% 3% 2% 10% 17% 
6:00 6% 2% 1% 4% 4% 6% 9% 5% 5% 14% 7% 
7:00 6% 4% 3% 6% 5% 4% 11% 7% 7% 10% 6% 
8:00 8% 7% 5% 6% 5% 5% 9% 6% 7% 7% 5% 
9:00 6% 8% 7% 6% 4% 7% 7% 5% 6% 4% 4% 
10:00 4% 8% 6% 6% 5% 4% 6% 5% 6% 4% 3% 
11:00 3% 8% 5% 5% 4% 4% 5% 4% 5% 3% 4% 
12:00 3% 7% 5% 5% 5% 4% 4% 4% 5% 3% 3% 
13:00 2% 7% 5% 4% 4% 3% 3% 4% 4% 3% 3% 
14:00 2% 6% 4% 4% 4% 3% 3% 4% 4% 3% 3% 
15:00 2% 6% 3% 4% 4% 5% 3% 4% 4% 2% 3% 
16:00 4% 6% 3% 5% 4% 4% 3% 5% 5% 2% 3% 
17:00 6% 5% 3% 6% 5% 5% 4% 5% 5% 3% 3% 
18:00 11% 5% 5% 7% 5% 5% 5% 5% 5% 5% 4% 
19:00 9% 5% 9% 7% 5% 4% 5% 5% 5% 4% 4% 
20:00 10% 5% 8% 6% 7% 4% 5% 5% 6% 4% 3% 
21:00 7% 4% 8% 5% 4% 5% 5% 5% 5% 2% 2% 
22:00 3% 3% 7% 4% 5% 3% 4% 5% 4% 2% 1% 
23:00 2% 2% 5% 3% 4% 5% 2% 4% 3% 1% 3% 
Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
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Figure 67: Percent of total winter household use by category 
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Figure 68: Percent of total summer household use by category
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Table 51: Percent of total winter household use by category 

Hour of 
Day 

Bath Clothes 
Washer 

Dish 
washer 

Faucet Leak Other Shower Toilet Irrigation 

0:00 0.01% 0.11% 0.01% 0.17% 0.36% 0.06% 0.18% 0.29% 0.82% 
1:00 0.01% 0.08% 0.01% 0.11% 0.35% 0.08% 0.07% 0.21% 0.84% 
2:00 0.00% 0.07% 0.00% 0.11% 0.26% 0.09% 0.08% 0.21% 0.44% 
3:00 0.00% 0.05% 0.00% 0.10% 0.25% 0.07% 0.06% 0.19% 3.29% 
4:00 0.01% 0.04% 0.00% 0.10% 0.28% 0.04% 0.14% 0.22% 2.56% 
5:00 0.04% 0.05% 0.00% 0.20% 0.27% 0.04% 0.44% 0.33% 7.10% 
6:00 0.06% 0.15% 0.01% 0.43% 0.36% 0.08% 1.05% 0.59% 3.10% 
7:00 0.05% 0.39% 0.02% 0.64% 0.39% 0.09% 1.29% 0.83% 2.50% 
8:00 0.07% 0.62% 0.03% 0.65% 0.43% 0.09% 0.99% 0.71% 2.04% 
9:00 0.05% 0.79% 0.03% 0.63% 0.42% 0.11% 0.85% 0.63% 1.49% 
10:00 0.04% 0.81% 0.03% 0.61% 0.44% 0.07% 0.67% 0.57% 1.18% 
11:00 0.03% 0.83% 0.03% 0.53% 0.40% 0.07% 0.58% 0.52% 1.51% 
12:00 0.04% 0.73% 0.03% 0.52% 0.46% 0.06% 0.47% 0.50% 1.24% 
13:00 0.03% 0.73% 0.02% 0.48% 0.40% 0.05% 0.38% 0.49% 1.27% 
14:00 0.02% 0.61% 0.02% 0.47% 0.41% 0.06% 0.34% 0.50% 1.32% 
15:00 0.03% 0.58% 0.02% 0.48% 0.40% 0.06% 0.36% 0.54% 1.33% 
16:00 0.05% 0.62% 0.02% 0.53% 0.41% 0.07% 0.38% 0.58% 1.40% 
17:00 0.07% 0.51% 0.02% 0.65% 0.44% 0.07% 0.42% 0.60% 1.31% 
18:00 0.13% 0.53% 0.03% 0.77% 0.43% 0.05% 0.58% 0.64% 1.82% 
19:00 0.10% 0.52% 0.05% 0.74% 0.43% 0.06% 0.59% 0.63% 1.91% 
20:00 0.11% 0.54% 0.05% 0.62% 0.41% 0.05% 0.63% 0.63% 1.31% 
21:00 0.09% 0.44% 0.04% 0.56% 0.42% 0.09% 0.58% 0.66% 0.86% 
22:00 0.04% 0.28% 0.03% 0.44% 0.44% 0.05% 0.39% 0.60% 0.63% 
23:00 0.03% 0.16% 0.03% 0.29% 0.40% 0.06% 0.25% 0.45% 1.25% 
Total 1% 10.23% 0.51% 10.83% 9.27% 1.60% 11.77% 12.14% 42.52% 
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Table 52: Percent of total summer household use by category 

Hour of 
Day 

Bathtub Clothes 
Washer 

Dishwasher Faucet Leak Other Shower Toilet Irrigation 

0:00 0.01% 0.04% 0.01% 0.10% 0.23% 0.02% 0.09% 0.17% 2% 
1:00 0.00% 0.01% 0.00% 0.04% 0.18% 0.02% 0.03% 0.11% 0.48% 
2:00 0.00% 0.00% 0.00% 0.03% 0.16% 0.03% 0.01% 0.11% 0.59% 
3:00 0.00% 0.00% 0.00% 0.02% 0.14% 0.03% 0.01% 0.10% 2.56% 
4:00 0.00% 0.00% 0.00% 0.04% 0.15% 0.01% 0.09% 0.13% 3.47% 
5:00 0.03% 0.03% 0.00% 0.12% 0.21% 0.02% 0.21% 0.21% 6.14% 
6:00 0.05% 0.13% 0.00% 0.28% 0.25% 0.06% 0.56% 0.39% 9.06% 
7:00 0.06% 0.33% 0.01% 0.43% 0.41% 0.02% 0.64% 0.53% 6.54% 
8:00 0.08% 0.47% 0.02% 0.46% 0.44% 0.03% 0.57% 0.49% 4.66% 
9:00 0.06% 0.55% 0.02% 0.45% 0.29% 0.06% 0.48% 0.42% 2.80% 
10:00 0.04% 0.54% 0.02% 0.36% 0.34% 0.03% 0.37% 0.38% 2.38% 
11:00 0.04% 0.53% 0.01% 0.34% 0.31% 0.03% 0.33% 0.32% 1.99% 
12:00 0.02% 0.40% 0.01% 0.31% 0.28% 0.04% 0.23% 0.31% 1.73% 
13:00 0.01% 0.36% 0.02% 0.30% 0.28% 0.03% 0.18% 0.30% 1.67% 
14:00 0.02% 0.31% 0.01% 0.28% 0.29% 0.01% 0.20% 0.32% 1.69% 
15:00 0.02% 0.33% 0.01% 0.26% 0.32% 0.07% 0.22% 0.33% 1.47% 
16:00 0.02% 0.30% 0.01% 0.30% 0.32% 0.02% 0.26% 0.37% 1.41% 
17:00 0.05% 0.32% 0.01% 0.37% 0.30% 0.04% 0.28% 0.39% 2.02% 
18:00 0.08% 0.31% 0.01% 0.44% 0.32% 0.07% 0.26% 0.38% 2.97% 
19:00 0.08% 0.26% 0.02% 0.43% 0.35% 0.04% 0.34% 0.39% 2.63% 
20:00 0.08% 0.26% 0.02% 0.39% 0.70% 0.05% 0.34% 0.39% 2.73% 
21:00 0.04% 0.25% 0.02% 0.35% 0.28% 0.04% 0.38% 0.41% 1.48% 
22:00 0.02% 0.19% 0.02% 0.29% 0.32% 0.03% 0.29% 0.40% 1.02% 
23:00 0.02% 0.09% 0.01% 0.18% 0.28% 0.07% 0.21% 0.30% 0.66% 
Total 0.85% 6.02% 0.26% 6.57% 7.16% 0.87% 6.58% 7.66% 64.02% 
 

Double Blind Analysis Results 
As mentioned in CHAPTER 5, a set of 20 randomly selected flow traces were sent to an 
independent consultant, Mr. Bill Gauley, of Veritec Consulting Inc.  Mr. Gauley then analyzed 
the traces using the Trace Wizard software and returned the results to Aquacraft.  The entire 
analysis process was double-blind: neither analyst knew the results of the other until the analyses 
were complete.  The results were then compared.  The results of this analysis are shown in Table 
53 for the key analysis parameters.  The overall volume of the logged flows agreed within 
.002%. The end use analyses agreed the best for the toilet uses. The estimates of total volume of 
water used for toilets, total number of flushes recorded during the logging period and the average 
gallons per flush for each home agreed within 1% of each other.  For clothes washers the count 
of loads agreed within 1.2%, and the gallons per load and total gallons used for clothes washers 
agreed within 5%.  The greatest variability occurred for the shower category, for which the total 
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volume of water used for showers agreed within 8.7% and the average flow rates for showers 
agreed to within 5.9%. 
 

Table 53: Results of independent flow trace analyses 

End Use Category Aquacraft Veritec Difference Difference 
as % of 

Aquacraft 
Estimate 

 Mean Mean   
Logged Volume (gal) 3160.36 3160.41 -0.050 -0.002% 
Toilet Vol. in Trace (gal) 463.29 465.98 -2.694 -0.581% 
Toilet Gal. per Flush (gpf) 2.657 2.662 -0.005 -0.191% 
Toilet Flush Count 163.25 165.25 -2.000 -1.225% 
CW Vol. in Trace (gal) 286.30 291.39 -5.088 -1.777% 
CW load count 7.70 7.35 0.350 4.545% 
CW gal. per load (gpl) 37.51 39.04 -1.525 -4.065% 
Shower Total Volume (gal) 343.26 313.35 29.908 8.713% 
Shower Flow Rate (gpm) 2.13 2.26 -0.126 -5.882% 



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 173 

CHAPTER 8 – SURVEY RESULTS 

Utility Survey Results 
As part of the survey process each utility was asked to fill out a survey describing their water 
conservation efforts and programs.  The survey results were intended to provide information on 
the responses among the participating agencies to the requirements of the California 
Memorandum of Understanding and the agreed upon Best Management Practices.  The 
responses from the utility survey have been supplemented with additional information from the 
agency websites and urban water management plans in order to examine patterns and variations 
in how the BMPs have been implemented among the participating agencies in this study. 
 
An agency‘s implementation of and participation in various conservation measures is important 
in assessing the impact of these measures on both current and future water demand. All agencies 
participating in this study are signatories to the California Urban Water Conservation Council 
Memorandum of Understanding Regarding Urban Water Conservation in California (MOU). 
Developed in 1991, the MOU serves as a tool to assist agencies with providing a reliable, long-
term water supply. Increasing demands from urban development, drought, agriculture, and 
environmental uses results in an increasing need for water suppliers to find ways to protect this 
valuable resource. The two primary purposes of the MOU are:45 
 
[T]o expedite implementation of reasonable water conservation measures in urban areas; and 
…to establish assumptions for use in calculating estimates of reliable future water conservation 
savings resulting from proven and reasonable conservation measures. Estimates of reliable 
savings are the water conservation savings which can be achieved with a high degree of 
confidence in a given service area. The signatories have agreed upon the initial assumptions to be 
used in calculating estimates of reliable savings.  
 
―The urban water conservation practices included in this MOU (referred to as "Best Management 
Practices" or "BMPs") are intended to reduce long-term urban demands from what they would 
have been without implementation of these practices and are in addition to programs which may 
be instituted during occasional water supply shortages.‖

46 Signatories to the MOU consist of 
wholesale and retail water suppliers, public non-profit advocacy organizations, and other 
interested parties; the CUWCC is responsible for monitoring the implementation of the MOU. 
How and to what extent each agency has implemented various conservation measures is affected 
by factors such as their customer base, climate, economic feasibility, and the extent to which 
these measures have already been implemented.  
 

                                                 
45 http://www.cuwcc.org/WorkArea/showcontent.aspx?id=12976. Memorandum of Understanding Regarding Urban 

Water Conservation in California. As Amended September 16, 2009. Section 2. Purposes. 2.1. Accessed 
February 4, 2010.  

46 Ibid. 

http://www.cuwcc.org/WorkArea/showcontent.aspx?id=12976
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Included in the development, implementation, and reporting requirements is: 
 
A list of Best Management Practices identified by the signatories 
A schedule of BMP implementation  
The level of activity or water savings necessary to achieve full implementation of BMPs 
Reporting requirements documenting the implementation of BMPs 
The criteria for determining the progress of implementing the BMPs 
Assumptions used in estimating reliable savings from implementation of the BMPs and estimates 
of reliable savings 
Alternative water savings measures promoting new initiatives in water conservation that will 
provide savings equal to or greater than those achieved by implementing the BMPs. 
 
Originally there were 16 BMPs.  In 1997, they were revised to 14 BMPs for implementation by 
the signatories to the MOU, as shown in Table 54.  The new categories for the BMPs following 
the 2007 revision are shown in the right column. 

Table 54: BMPs from the CUWCC MOU 

BMP 
Number 

BMP  BMP Category 

1 Water Survey Programs for SF and MF 
Residential Customers 

Programmatic: Residential 

2 Residential Plumbing Retrofit Programmatic: Residential 

3 System Water Audits, ―leak‖ Detection and 
Repair 

Foundational: Utility Operations – 
Water Loss Control 

4 Metering with Commodity Rates for All New 
Connections and Retrofit of Existing 
Connections 

Foundational: Utility Operations – 
Metering  

5 Large Landscape Conservation Programs and 
Incentives 

Programmatic: Landscape 

6 High-Efficiency Clothes Washing Machine 
Financial Incentive Programs 

Programmatic: Residential 

7 Public Information Programs Foundational: Education – Public 
Information Programs  

8 School Education Programs Foundational: Education – School 
Education Programs  

9 Conservation Programs for Commercial, 
Industrial, and Institutional (CII) Accounts 

Foundational: Commercial, Industrial, 
and Institutional  

10 Wholesale Agency Assistance Programs Foundational: Utility Operations 
11 Retail Conservation Pricing Foundational: Utility Operations – 

Pricing 
12 Conservation Coordinator Foundational: Utility Operations – 

Operations 
13 Water Waste Prohibition Foundational: Utility Operations – 

Operations  
14 Residential ULFT Replacement Programs Programmatic: Residential 
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Each agency was asked to complete a survey indicating their utility‘s implementation of the 
BMPs and their participation in various conservation measures. The utility questionnaire is 
provided in APPENDIX A: Utility Water Conservation Program Questionnaire. The survey was 
designed as a tool that would assist with comparing the extent to which various conservation 
measures have been implemented, and to examine possible impacts on customers‘ water use 
related to BMP implementation.  
 
The BMPs provide utilities with a variety of indoor and outdoor conservation measures. Indoor 
BMPs included toilet and clothes washer rebates, indoor surveys, and distribution of low flow 
showerheads and faucet aerators; outdoor measures include irrigation surveys, watering 
schedules, irrigation controller rebates and other financial incentives aimed at large landscape 
conversions. BMPs could be implemented through distribution, direct installation, retrofit on 
resale, rebates, or some combination of each. Table 55 shows the various residential indoor and 
outdoor measures utilized by the participating water agencies and the way(s) in which they were 
implemented.  
 
BMP 1 required agencies to provide free residential water audits (surveys) to their customers. 
Surveys are designed to provide customers with tools and recommendations for reducing their 
water consumption. Although not indicated by the utility survey responses, some agencies target 
their surveys to their high water use customers. Surveys are often used in conjunction with 
shower and faucet distribution and/or replacement. All agencies, except Rincon del Diablo and 
Sweetwater, have a direct installation or free distribution program for showerheads; North Marin 
WD requires an upgrade to high-efficiency fixtures on resale as well. Most of the utilities also 
provide free distribution of faucet aerators and North Marin WD requires an upgrade of faucet 
aerators at the time of resale. 
 
Water for toilet flushing has long been the single highest residential indoor use. Considerable 
effort has been made to replace old, inefficient toilets with ultra-low flow toilets (ULFTs). With 
the exception of the City of Davis47 and Redwood City (which combined a distribution program 
with direct installation) all participating agencies provided rebates for purchase of ULFTs. In 
addition to rebates, the City of Petaluma had a direct installation program for ULFTs.  Recently 
some agencies have stopped offering rebates for ULFT model toilets in favor of HET models, 
which have an average flush volume of 1.28 gpf or less.   Clothes washers are second only to 
toilets in their indoor water use, and all but EBMUD provided their customers with rebates as an 
incentive to replace their clothes washer with a more efficient model. EBMUD had a distribution 
program of clothes washers that satisfied BMP 6. 
 
Studies have shown that water use for automatic dishwashers is less than 2% of residential 
indoor use.48 None of the participating agencies provided rebates or other incentives to replace 
dishwashers.  
 

                                                 
47 The City of Davis provided toilet rebates until 2001. They were discontinued at this time because it was believed 

that the request for rebates was less than the natural replacement rate of toilets and because there was 
concern about free ridership. 

48 Mayer, P.M. and DeOreo, W.B. Residential End Uses of Water. AWWARF. 1999. 
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Although some utilities are studying the efficacy of hot water recirculation or ―on demand‖ hot 
water, none of them were providing rebates or other incentives for these systems at the time of 
this study. 
 
Outdoor audits are provided by all participating agencies – often in conjunction with indoor 
audits. These audits usually include an assessment of the irrigation system, including leaks and 
malfunctions, and irrigation scheduling recommendations. Weather-based irrigation controllers 
can be used as a tool to automate irrigation scheduling and most of the participating agencies 
provide rebates for these controllers. Davis, Petaluma, and Rincon del Diablo provide direct 
installation programs for weather-based controllers; Sweetwater and North Marin WD have a 
distribution program.  
 
About half of the utilities actively promote xeriscape with training programs, demonstration 
gardens, landscape and irrigation training workshops, and literature. IRWD, Las Virgenes MWD, 
and Otay provide financial incentives through rebates for the installation of xeriscape, ―Cash for 
Grass Programs‖ and the use of artificial turf. 
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Table 55: Survey responses of participating water agencies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Residential Indoor Residential Outdoor 

Codes for type of installation program 
0= none 
1= direct (or yes) 
2= distribution  
3= rebate or owner install 
4= upgrade on sale 
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City of Davis Public Works 0 1,2 0 0 3 1 0 0 1 0 0 1 
City of Petaluma 1,3 1 1 0 3 1 0 0 1,3 0 0 1 
City of Redwood City 1,2 1,2 1,2 0 3 1 0  0 0 0 1 
City of San Diego Water Dept. 3 2 2 0 3 1 0 0 3 0 0 1 
City of Santa Rosa 3 2 2 0 3 1 0 1 3 0 1 1 
East Bay Municipal Utility District 3 2 2 0 2 1 0 1 3 0 1 1 
Helix Water District 3 2 0 0 3 1 0 0 3 0 0 1 
Irvine Ranch Water District 3 2 2 0 3 1 0 0 3 0 3 1 
Las Virgenes Municipal Water District 3 2 0 0 3 1 0 0 3 0 3 1 
Los Angeles Dept. of Water and Power 1,4 1,4 1 0 3 1 0 1 0 0 0 1 
North Marin Water District 2,3,4 2,4 2,4 0 3 1 0 1 2,3 0 1 1 
Otay Water District 3 2 0 0 3 1 0 0 3 1 3 1 
Rincon Del Diablo MWD 3 0 2 0 3 1 0 1 1,3 0 0 1 
San Francisco PUC 3 1, 2 1, 2 0 3 1 0 0 0 0 0 1 
Sweetwater Authority 3 0 0 0 3 1 0 0 2,3 0 0 1 
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BMP 11 is intended ―to reinforce the need for Water Agencies to establish a strong connection 
between volume-related system costs and volumetric commodity rates.‖

49 Rates are intended to 
send a price signal that encourages water conservation, reflects the cost of delivering water, and 
creates financial stability for the utility. Metering is a necessary element of measuring the 
volumetric delivery of water to customers and can be used in conjunction with connection fees, 
service charges, and fees for special services such as fire protection.  
 
The volumetric rate structures that may satisfy the BMP requirement of conservation pricing are: 
 
Uniform rate (all water purchased at the same rate) 
Seasonal rates (reflects the seasonal variability for the cost of water deliveries) 
Increasing block rate (rates increase at certain breakpoints) 
Water budget rates (also known as allocation-based rates). Allocation based on a variety of 
parameters as defined by the utility. 
 
Table 56 shows that during the study period all participating agencies were metering their 
customers. Table 57 provides the codes used to identify the water rate billing structure for each 
utility. The most common volumetric unit of measurement is CCF50 and most customers are 
billed bi-monthly. Only Santa Rosa, IRWD, and Otay send customers a monthly bill. Otay is the 
only agency that bills their customer in kgal (1,000 gallons). An increasing block rate is the most 
common rate structure; the number of blocks ranges from 2 to 5. During the study period, Otay 
and San Francisco51 used a uniform rate structure. The uniform rate for San Francisco customers 
with a conservation affidavit is 33% less than customers without the affidavit. Both Los Angeles 
Department of Power and Water and IRWD have an allocation-based billing system with two 
tiers and five tiers respectively.  More detailed information about each utility‘s rates can be 
found in CHAPTER 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
49 http://www.cuwcc.org/WorkArea/showcontent.aspx?id=12976. Memorandum of Understanding Regarding Urban 

Water Conservation in California. Exhibit 1. As Amended September 16, 2009. 1.4 Retail Conservation 
Pricing (formerly BMP 11) Part I – Retail Water Service Rates. A. Implementation. Accessed February 11, 
2010.  

50 A CCF is one hundred cubic feet or 748 gallons. 
51 Although San Francisco PUC has a uniform rate structure, customers who have implemented conservation 

measures such as retrofitting their plumbing fixtures, and filed an affidavit to that effect, are charged 50% 
less than those that have not.  
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Table 56: Residential billing and metering information during study period 

 
Water Agency 

Metering 
of SF 
Customers 

Units of 
Billing 

Billing 
Period 

Single-
Family 
Rate 
Structure 

Number 
of Billing 
Tiers 

City of Davis Public Works Yes CCF bi-monthly 2 2 
City of Petaluma Yes CCF bi-monthly 2 4 
City of Redwood City Yes CCF bi-monthly 2 5 
City of San Diego Water 
Dept. Yes CCF bi-monthly 2 3 

City of Santa Rosa Yes CCF monthly 1 NA 
East Bay Municipal Utilities 
District Yes CCF bi-monthly 2 3 

Helix Water District Yes CCF bi-monthly 2 3 
Irvine Ranch Water District Yes CCF monthly 3 5 
Las Virgenes Municipal 
Water District Yes CCF bi-monthly 2 5 

Los Angeles Dept. of Water 
and Power Yes CCF bi-monthly 3 2 

North Marin Water Dist. Yes CCF bi-monthly 2 3 
Otay Water District Yes CCF monthly 2 4 
Rincon del Diablo MWD Yes kgal bi-monthly 2 2 
San Francisco PUC Yes CCF bi-monthly 1 NA 
Sweetwater Authority Yes CCF bi-monthly 2 5 

 

Table 57: Codes used for Table 56 

Codes to describe water rate structure 
0= Flat rate (charges are not based on amount used) 
1= Uniform Rate (all water purchased at same rate) 
2= Increasing block rate (rates jump at breakpoints) 
3= Water Budget Rates (jump points based on budget) 
4= Decreasing block rate 
5= Other (please provide description) 
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Table 58: System Measures 
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City of Davis Public Works 1 1 1 0 0 1 1 
City of Petaluma 1 1 1 1 1 1 1 
City of Redwood City 0 1 1 1 0 1 1 
City of San Diego Water Dept. 0 0 1 0 0 1 1 
City of Santa Rosa 1 1 1 1 0 1 1 
East Bay Municipal Utilities District 1 1 1 1 0 1 1 
Helix Water District 0 1 1 1 0 0 1 
Irvine Ranch Water District 1 1 1 1 0 1 1 
Las Virgenes Municipal Water District 1 1 1 1 0 1 1 
Los Angeles Dept. of Water and Power^ 1 1 1 1 0 1 1 
North Marin Water Dist. 1 1 1 1 0 1 1 
Otay Water District 1 1 1 1 0 1 1 
Rincon Del Diablo MWD 1 1 1 1 1 1 1 
San Francisco PUC 1 1 1 0 0 1 1 
Sweetwater Authority 1 1 1 0 0 0 1 
^Los Angeles Dept. of Water and Power did not respond to the survey. Codes for types 
of installation were obtained from LADWP‘s 2005 Urban Water Management Plan.   
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Customer Survey Results 
All homes that were data-logged for the study were surveyed with regard to their water use. An 
initial survey was delivered to homes at the same time as data logging was set to commence. For 
those that did not respond, reminder letters were sent a month after the original letter was 
dropped off. For those that had not responded to the original attempt or the follow-up, a 
shortened survey was sent. The follow-up survey concentrated on variables deemed essential to 
potential modeling, including persons per household, and the stock of water using appliances. 
 
The survey response rate to the original distribution was relatively high, with a response rate to 
the initial survey for all survey sites of 48%, and similar return rates across study sites. Table 59 
shows the response rate to the initial mailing, the shortened follow-up survey, and to both 
combined for each of the participating utilities. The follow-up survey increased the response rate 
for all regions combined from 48% to 55%. The Los Angeles study area was left out of the 
calculation of the initial and combined response rates because the Los Angeles Department of 
Water and Power made sure that all Los Angeles homes that were data logged also returned a 
filled-out survey, assuring a 100% response for that study site. 
 

Table 59: Survey response rates 

Water Agency 

Initial 
Surveys 
Sent Out 

Initial 
Surveys 
Returned 

Initial 
Survey 

Response 
Rate 

Follow-
up 

Survey 
Returns 

Combined 
Surveys 
Returned 

Combined 
Response 

Rate 

Davis 64 31 48% 5 36 56% 
SCWA 70 37 53% 7 44 63% 
San Francisco 60 32 53% 2 34 57% 
East Bay MUD 120 70 58% 0 70 58% 
Redwood City 60 35 58% 2 37 62% 
Northern California 374 205 55% 16 221 59% 
Las Virgenes MWD 69 32 46% 0 32 46% 
Los Angeles DWP (a) 117 117 100% 0 117 100% 
IRWD 116 50 43% 14 64 55% 
City of San Diego 86 40 47% 6 46 53% 
San Diego County WA 68 16 24% 13 29 43% 
Southern California (b) 339 138 41% 33 171 50% 
All Study Sites (b) 713 343 48% 49 392 55% 
(a) Los Angeles required all participants to respond to the survey. 
(b) Response rate does not include Los Angeles, where 100% response was assured. 
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The full survey was a five-page questionnaire with 57 multiple part questions. The survey 
questions covered demographic information about the respondents, housing characteristics, 
indoor and outdoor water using fixtures and appliances, landscape watering habits, and a multi-
part question about customers‘ water bill awareness and response to water costs.  The shortened 
follow-up version of the survey was a two-page questionnaire with 12 multiple part questions. 
The shortened survey had a few questions on each topic covered in the longer survey, except 
water bill awareness. For the questions selected for the follow-up survey, the same question was 
used from the original survey. The surveys are shown in Appendices A and B. 

Respondent Demographics 
Survey respondents were asked to report the number of adults, teenagers, older children, younger 
children, and toddlers or infants living full-time at the address. Across the ten study sites, the 
average household size was 2.95 people.  Average household size ranged from 2.67 in Sonoma 
County WA to 3.5 in San Francisco. Table 60 shows the breakout of persons per household 
according to age groups. 
 

Table 60: Comparison of persons per household across study sites 

Water Agency 
Adults 
(age 
18+) 

Teenagers 
(age 13-

17) 

Older 
Children 
(age 6 - 

12) 

Younger 
Children 
(age 3 - 

5) 

Infants or 
Toddlers 

(under age 3) 

Mean 
Household 

Size 

Davis 2.11 0.43 0.26 0.06 0.06 2.91 
SCWA 2.05 0.14 0.29 0.05 0.14 2.67 
San Francisco 2.94 0.12 0.12 0.12 0.21 3.50 
East Bay MUD 2.31 0.27 0.27 0.07 0.09 3.01 
Redwood City 1.94 0.23 0.43 0.17 0.09 2.86 
Northern California 2.27 0.24 0.27 0.09 0.11 2.98 
Las Virgenes MWD 2.22 0.28 0.13 0.06 0.06 2.75 
Los Angeles 2.30 0.22 0.22 0.12 0.10 2.97 
IRWD 2.37 0.35 0.32 0.10 0.10 3.24 
City of San Diego 2.32 0.18 0.11 0.07 0.05 2.73 
San Diego County WA 2.25 0.11 0.18 0.07 0.07 2.68 
Southern California 2.30 0.24 0.21 0.10 0.08 2.94 
All Study Sites 2.29 0.24 0.24 0.09 0.10 2.96 
 
Respondents were asked to identify their household income by choosing from 18 income 
brackets, spanning $10,000 at a time in the lower income brackets and up to $25,000 at a time in 
the higher income brackets. The responses are shown in Table 61, grouped into four categories: 
less than $50,000, between $50,000 and $100,000, between $100,000 and $200,000, and greater 
than $200,000. For all respondents, the highest percentage of respondents was in the $50,000 to 
$100,000 category.  Las Virgenes MWD had the highest percentage of respondents in the greater 
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than $200,000 category at 41%, while Sonoma County had no residents in this category. IRWD 
had the lowest percentage of respondents in the less than $50,000 category at 4%, and Los 
Angeles had the highest percentage in this category at 17%. 
 

Table 61: Comparison of household income across study sites 

 Water Agency Less than 
$50,000 

$50,000 to 
$99,999 

$100,000 to 
$199,999 

> than 
$200,000 

Davis 7% 24% 55% 10% 
SCWA 15% 47% 26% 0% 
San Francisco 8% 31% 23% 19% 
East Bay MUD 7% 44% 20% 15% 
Redwood City 7% 18% 43% 29% 
Northern California 9% 35% 31% 14% 
Las Virgenes MWD 5% 32% 23% 41% 
Los Angeles 17% 26% 29% 10% 
IRWD 4% 27% 35% 29% 
City of San Diego 8% 33% 42% 6% 
San Diego County 
WA 8% 44% 16% 8% 

Southern California 11% 30% 30% 16% 
All Study Sites 10% 32% 31% 15% 
 
For all respondents, 83% completed at least some college, with 30% percent completing a 
master‘s or doctoral degree. Davis had the highest level of college and graduate school 
completion, at 100% and 83% respectively. Los Angeles had the lowest level of college and 
graduate school completion, with 78% and 25% respectively. Table 62 shows an accounting of 
educational attainment by study site. 
 

Table 62: Comparison of education attainment across study sites 

Water Agency 
At least 

high 
school 

At least 
some 

college 

Graduate 
school 

Davis 100% 100% 83% 
SCWA 97% 82% 24% 
San Francisco 97% 76% 17% 
East Bay MUD 97% 79% 35% 
Redwood City 97% 81% 29% 
Northern California 97% 83% 37% 
Las Virgenes MWD 100% 94% 29% 
Los Angeles 89% 78% 25% 
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Water Agency 
At least 

high 
school 

At least 
some 

college 

Graduate 
school 

IRWD 100% 86% 30% 
City of San Diego 97% 87% 18% 
San Diego County WA 100% 73% 13% 
Southern California 94% 82% 25% 
All Study Sites 96% 83% 30% 
 
Respondents to the survey were overwhelmingly home owners, as opposed to renters. Ninety-
two percent of respondents owned the homes they occupied, while only 8% of those surveyed 
were renters.   

Home Characteristics 
Survey respondents were asked about when their homes were built. As shown in Table 63, for 
homes from all survey locations, 76% of all homes were built before 1980, 17% were built 
between 1980 and 1994, and 7% were built between 2000 and 2006.  Las Virgenes MWD (56%), 
IRWD (48%), and San Diego County (50%) contained the lowest percentage of houses built 
before 1980.  Los Angeles contained the highest percentage of houses built before 1980, with 
95%. The decade with the highest percent of homes built across all responding homes was the 
1950s, with 20% of the total. 
 

Table 63: Comparison of year home built across study sites 

Water Agency Built before 
1980 

Built 1980-
1994 

Built 1995-
2006 

Davis 74% 10% 16% 
SCWA 66% 29% 6% 
San Francisco 84% 10% 6% 
East Bay MUD 73% 21% 6% 
Redwood City 85% 12% 3% 
Northern California 76% 17% 7% 
Las Virgenes MWD 56% 44% 0% 
Los Angeles 95% 3% 2% 
IRWD 48% 26% 26% 
City of San Diego 79% 15% 5% 
San Diego County WA 50% 38% 13% 
Southern California 75% 17% 8% 
All Study Sites 76% 17% 7% 
 
The number of bedrooms in a house can generally be used as an indicator of house size. Table 64 
shows the percentage of respondents in a study site that indicated their homes had a certain 
number of bedrooms. The median number of bedrooms per house of all study sites was 3. Eighty 
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three percent of the homes had 3 or more bedrooms, and 39% of all homes had 4 or more 
bedrooms. Las Virgenes MWD had the highest percentage of homes with 4 or more bedrooms 
(75%). San Francisco had the lowest percentage of homes with 4 or more bedrooms (13%). 
 

Table 64: Number of bedrooms by percentage of respondent homes 

  
Water Agency 

Number of Bedrooms 
1 2 3 4 5 6+ 

Davis 0% 6% 45% 42% 6% 0% 
SCWA 0% 8% 67% 25% 0% 0% 
San Francisco 13% 39% 35% 13% 0% 0% 
East Bay MUD 0% 21% 40% 31% 4% 3% 
Redwood City 0% 36% 42% 9% 9% 3% 
Northern California 2% 22% 45% 25% 4% 2% 
Las Virgenes MWD 0% 0% 25% 44% 25% 6% 
Los Angeles 0% 20% 51% 19% 9% 2% 
IRWD  0% 6% 34% 48% 12% 0% 
City of San Diego 0% 10% 38% 33% 13% 5% 
San Diego County WA 0% 6% 56% 31% 6% 0% 
Southern California 0% 12% 43% 31% 12% 2% 
All Study Sites 1% 16% 44% 28% 8% 2% 
 
Table 65 shows reported home value for each study site.  Respondents were asked to show the 
value of their home using 17 home value categories. Median home values were highest in 
Redwood City and Las Virgenes MWD, where the median home value was between $900,000 
and $999,999.  The lowest median home value in this study was in San Diego County. 
 

Table 65: Home values by percentage in homes reported in home value category 

Water Agency $0k to 
$449k 

$450k 
to 

$499k 

$500k 
to 

$599k 

$600k 
to 

$699k 

$700k 
to 

$799k 

$800k 
to 

$899k 

$900k 
to 

$999k 

$1,000k 
to 

$1,499k 
$1,500k + 

Davis 24% 18% 21% 18% 12% 3% 3% 3% 4% 
SCWA 12% 8% 36% 19% 17% 6% 3% 0% 0% 
San Francisco 4% 0% 15% 26% 11% 19% 7% 11% 7% 
East Bay MUD 4% 15% 19% 6% 20% 11% 7% 13% 6% 
Redwood City 0% 0% 3% 6% 16% 13% 23% 26% 13% 
Northern 
California 8% 9% 19% 14% 16% 10% 8% 10% 5% 

Las Virgenes 
MWD 0% 0% 3% 10% 10% 14% 21% 24% 17% 

Los Angeles 20% 8% 11% 12% 10% 17% 3% 13% 6% 
IRWD  2% 0% 0% 19% 21% 17% 4% 21% 17% 
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Water Agency $0k to 
$449k 

$450k 
to 

$499k 

$500k 
to 

$599k 

$600k 
to 

$699k 

$700k 
to 

$799k 

$800k 
to 

$899k 

$900k 
to 

$999k 

$1,000k 
to 

$1,499k 
$1,500k + 

City of San 
Diego 25% 8% 19% 17% 11% 6% 6% 8% 0% 

San Diego 
County 38% 21% 25% 0% 4% 8% 4% 0% 0% 

Southern 
California 16% 6% 10% 13% 12% 14% 6% 14% 8% 

All Study Sites 15% 14% 13% 14% 12% 7% 10% 13% 7% 
 

Indoor Water Fixtures 
The survey asked respondents several questions about the water-using appliances they have in 
their homes.  As shown in Table 66, across all respondents, the average number of toilets per 
household was 2.4, with a range of 2.0 (San Francisco) to 3.2 (Las Virgenes MWD). Overall, 
households reported an average of 1.6 (out of 2.4) ultra-low-flush toilets (ULFTs or better). The 
City of San Diego reported the highest average number of ULFTs per household at 2.0, while 
Davis and East Bay MUD reported the lowest average number per household at 1.1. Up to 17% 
of respondents in any one location reported not knowing whether they had ULFTs.  (The survey 
stated that toilets manufactured after 1993 were generally ULFTs.) 
 
Showers with tubs were reported to be more common (an average of 1.3 per household), than 
either showers only (average of 1.0 per household) or tub only (average of 0.4 per household). 
Households reported an average of 1.3 low-flow showerheads. Up to 18% of respondents 
reported not knowing whether their showerheads were low-flow. Areas with newer homes 
generally reported having more showers and low-flow showerheads. 
 

Table 66: Mean numbers of toilets, showers, and tubs 

Water Agency Toilets 

Ultra-
low-
flush 

Toilets 

Tub 
With 

Shower 

Tub 
Only 

Shower 
Only 

Number of 
Low-flow 

Showerheads 

Davis 2.3 1.1 1.1 0.4 1.0 1.2 
SCWA 2.3 1.5 1.2 0.2 0.9 1.3 
San Francisco 2.0 1.3 1.4 0.4 0.8 1.2 
East Bay MUD 2.1 1.1 1.3 0.5 0.8 1.0 
Redwood City 2.2 1.4 1.2 0.5 1.0 1.1 
Northern California 2.2 1.3 1.2 0.4 0.9 1.1 
Las Virgenes MWD 3.2 1.9 1.3 0.7 1.7 1.7 
Los Angeles 2.3 1.8 1.2 0.4 1.1 1.3 
IRWD  3.0 1.4 1.8 0.5 1.0 1.4 
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Water Agency Toilets 

Ultra-
low-
flush 

Toilets 

Tub 
With 

Shower 

Tub 
Only 

Shower 
Only 

Number of 
Low-flow 

Showerheads 

City of San Diego 2.5 2.0 1.2 0.4 1.0 1.4 
San Diego County 
WA 2.6 1.6 1.6 0.4 0.8 1.4 

Southern California 2.6 1.8 1.3 0.5 1.1 1.4 
All Study Sites 2.4 1.6 1.3 0.4 1.0 1.3 
 
Survey responses about the presence of other water using appliances are shown in Table 67. Top-
loading clothes washing machines were found in 75.7% of homes while 27.6% percent of homes 
reported owning front-loading clothes washing machines52. Davis had the highest penetration 
rate for front-loading clothes washers: 61% owned top-loading washers and 44% owned front-
loading washers. Clothes washers (of any type) had the highest penetration rate of any water-
using appliance owned by survey respondents (98.7% for either a top-loader or a front-loader). 
 
While 81% of all respondents reported owning a dishwasher, percentages reported by individual 
service areas varied widely: only 51% of respondents from San Francisco owned a dishwasher, 
compared to 100% of respondents from Las Virgenes MWD.  In general, study sites with older 
homes had lower penetration rates for dishwashers than study sites with homes built more 
recently. 
 
Households also were asked whether they had installed whole-house water treatment systems.  
The percent of households reporting using a whole-house treatment system ranged from 47% in 
Davis to 0% in Redwood City. Overall, 12% of total households responding to the survey 
reported whole-house water treatment system use.  Whole house systems include devices such as 
simple filters, carbon filters, water softeners and reverse osmosis systems. Some of these use 
essentially no water, some use water only during regeneration and some use water whenever 
water is being treated.  
 

Table 67: Percent of respondents indicating presence of various water using devices 

Water Agency Garbage 
Disposal 

Top- 
loading 
Washer 

Front- 
loading 
Washer 

Dish 
Washing 
Machine 

Whirlpool 
Bathtub 

Indoor 
Hot Tub 
or Spa 

Fountain 
Indoor 

Whole- 
house 
Treatment 

Davis 87.1% 61.3% 44.4% 83.3% 3.8% 7.1% 3.6% 47.1% 
SCWA 91.9% 94.3% 12.5% 97.3% 12.5% 3.1% 6.3% 10.3% 
San Francisco 62.5% 71.9% 35.5% 58.1% 0.0% 0.0% 3.2% 3.1% 
East Bay MUD 80.0% 84.3% 27.0% 77.1% 7.8% 3.1% 1.6% 1.6% 
Redwood City 85.7% 73.5% 33.3% 82.9% 30.3% 5.9% 2.9% 0.0% 

                                                 
52 The penetration rate is greater than 100% because 4.6% of all homes reported having both a front-loader and a 

top-loader.  
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Water Agency Garbage 
Disposal 

Top- 
loading 
Washer 

Front- 
loading 
Washer 

Dish 
Washing 
Machine 

Whirlpool 
Bathtub 

Indoor 
Hot Tub 
or Spa 

Fountain 
Indoor 

Whole- 
house 
Treatment 

Northern 
California 81.5% 78.7% 29.5% 79.8% 10.8% 3.7% 3.2% 10.8% 

Las Virgenes 
MWD 100.0% 68.8% 35.7% 100.0% 17.2% 0.0% 0.0% 16.7% 

Los Angeles 84.6% 79.6% 32.0% 73.7% 15.7% 2.8% 2.8% 10.2% 
IRWD  93.9% 77.6% 30.4% 98.0% 12.5% 6.4% 2.1% 14.8% 
City of San Diego 87.5% 75.0% 30.3% 80.0% 11.1% 2.8% 2.8% 17.1% 
San Diego 
County WA 87.5% 64.3% 46.7% 86.7% 21.4% 0.0% 0.0% 10.7% 

Southern 
California 89.0% 76.2% 32.9% 83.6% 14.9% 3.0% 2.1% 13.1% 

All Study Sites 85.6% 75.7% 27.6% 81.9% 13.1% 3.3% 2.6% 12.1% 
 

Households reported that they knew of some leaks at the time of the survey. They survey asked 
whether they had a ―leak‖ in any of the following areas: toilet, faucet, pool, irrigation system, or 
other leak. Respondents identified toilets and irrigation systems with the highest rates of known 
leaks. Overall, 6% of respondents identified toilet leaks, and the same percentage identified 
current irrigation systems leaks. Dripping faucets were identified by 4% of respondents, while 
pool system related leaks were identified by 1% of respondents, and 2% reported ―other‖ types 
of leaks.   
 
The survey included a section asking respondents whether or not they had renovated or replaced 
plumbing pipes, bathroom fixtures, and kitchen fixtures since 1995.  Forty percent of 
respondents reported renovating or replacing plumbing pipes, 64% reported having renovated 
bathroom fixtures, and 64% also reported having renovated or replaced kitchen fixtures.  In 
general, study sites containing fewer homes built before 1980, such as San Diego County, Las 
Virgenes MWD, and IRWD, consistently reported lower incidence of renovation or replacement 
compared with study sites containing more homes built before 1980, such as San Francisco and 
Los Angeles. 
 
Respondents were asked questions regarding how fast hot water reaches certain parts of their 
home.  When asked whether or not respondents had to wait longer for hot water to reach certain 
parts of their home, almost two thirds, 63%, answered ―yes.‖  Among those reporting longer 
waits for hot water, 62% reported waiting longer for hot water in the master bathroom, and 
approximately 40% reported longer waits in the kitchen and other bathrooms. 
 
Sixty percent of respondents described their longest wait for hot water as ―almost no time at all,‖ 

or ―not very long.‖  Forty percent described their longest wait for hot water as ―pretty long,‖ or 
―very long.‖  Study sites with more homes built before the 1980s, such as San Francisco and Los 
Angeles were more likely to report waiting times of ―almost no time at all,‖ or ―not very long,‖ 
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while study sites with fewer homes built before the 1980s, such as Redwood City, Las Virgenes 
MWD, and IRWD, were more likely to report waiting times of ―pretty long,‖ or ―very long.‖ 
 
Respondents were asked if the wait for hot water bothered them at all.  Approximately 52% of 
survey respondents were not bothered by the wait for hot water, 30% were bothered a little bit, 
and 18% were bothered very much. 
 
The survey also asked about whether households had installed remedies to shorten the wait time 
for hot water. Overall 10% of households had installed a remedy. Rates of those reporting 
installing a remedy ranged from 23% in Las Virgenes MWD to 3% in Davis and Sonoma County 
WA. A recirculating pump was the most popular remedy, with 71% of those reporting a type of 
remedy identifying a recirculating pump. 

Swimming Pools and Hot Tubs 
The survey asked respondents whether or not their houses had swimming pools and outdoor hot 
tubs. Almost one fifth (19%), of all survey respondents reported owning a hot tub. The 
percentages were almost identical when respondents were asked about whether or not they 
owned swimming pools: 18% of all respondents reported owning a swimming pool. In general, 
respondents from Southern California study sites were more likely to have an outdoor pool or hot 
tub than respondents from study sites in Northern California. Figure 69 shows swimming pool 
and hot tub saturation rates across each study area, as well as Northern and Southern California 
regions, and saturation rates across all study areas. 
 
Outdoor pool owners were asked about their use of pool covers.  Overall, pool cover use remains 
nearly constant year-round. From month to month, between 60% and 75% of outdoor pool 
owners cover their pools. Some study sites show seasonal variability in pool cover usage.  
Outdoor pool owners surveyed in Las Virgenes MWD and Redwood City do not use pool covers 
in cooler months (primarily from November to April). Also, in  
San Diego County, where only two outdoor pool owners responded, no pool owners reported 
using pool covers from May to August. 
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Figure 69: Percentage of respondents with outdoor hot tub or swimming pool 

 

Landscape Watering 
The survey gathered information on each household‘s outdoor landscape and related water use.  
Ninety-six percent of respondents water their outdoor landscape; the other four percent do not.  
Nearly half of respondents (43%) reported using a contractor for some part of outdoor landscape 
maintenance. 
 
Respondents were asked to describe how much of their outdoor landscape is made up of turf.  
Table 68 shows how outdoor landscape coverage varied across the study sites, as well as overall.  
In general, respondents‘ outdoor landscapes in Southern California were composed of more turf 
than outdoor landscapes in Northern California. 
 
The median frequency for watering turf during the summer months (June-August) was three 
times per week.  Across all regions, 70% of respondents watered their turf during the summer 
three or more days per week.  In the Northern California study sites, 64% of respondents watered 
their turf three or more days per week in the summer, compared to 74% of respondents in 
Southern California study sites. Figure 70 shows the percent of respondents in each study area 
that watered their turf three times a week or more. 
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Table 68: Percentage of outdoor landscape reported to be turf 

Water Agency 100% 
Half 
or 
more 

About 
20% to 
50% 

About 
10% to 
20% 

About 
5% to 
10% 

Less 
than 
5% 

None 

Davis 0% 38% 19% 19% 0% 5% 19% 
SCWA 0% 33% 11% 11% 0% 0% 44% 
San Francisco 0% 20% 7% 0% 7% 7% 60% 
East Bay MUD 3% 19% 28% 17% 0% 3% 31% 
Redwood City 5% 30% 30% 20% 0% 5% 10% 
Northern California 2% 27% 21% 15% 1% 4% 31% 
Las Virgenes MWD 0% 54% 29% 13% 4% 0% 0% 
Los Angeles 7% 40% 24% 10% 10% 1% 8% 
IRWD 5% 32% 32% 16% 5% 3% 5% 
City of San Diego 7% 19% 26% 4% 11% 4% 30% 
San Diego County 
WA 0% 20% 40% 20% 0% 10% 10% 

Southern California 5% 36% 28% 11% 8% 2% 10% 
All Study Sites 4% 33% 25% 12% 5% 3% 17% 

 
Seventy-two percent of respondents manually watered some part of their outdoor landscape.  The 
most common mode of manual watering was hand-held garden hose, which was used by 82% of 
the manual irrigation respondents.  Approximately one quarter of respondents reported manually 
watering their outdoor landscape using a hose with a sprinkler, 11% using an in-ground sprinkler 
system with no timer, 9% drip irrigation or bubbler system, and 7% a soaker hose. 
 
Forty percent of all respondents reported manually watering between 50% and 100% of their 
outdoor landscape.  Thirty-eight percent reported manually watering between 5% and 50% of 
their outdoor landscape, while slightly more than one-fifth of respondents, 22%, reported 
manually watering only 5% or less of their outdoor landscape.  Manually watering a majority of 
outdoor landscape (50%-100%) was more common among Northern California study sites 
(50%), and was less common among respondents from Southern California study sites (31%).   
 
Over two-thirds of respondents reported having an in-ground sprinkler system, with 87% of 
those systems having an automatic timer.  Only 4% of the in-ground sprinkler systems were said 
to run a weather-based irrigation controller (WBIC) or ―smart‖ controller.  Thirteen percent of 
respondents with in-ground sprinkler systems did not know whether or not their system had a 
WBIC or similar controller. 
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Figure 70: Percentage of respondents irrigating three times per week or more 

Water Bill Awareness 
 
To begin, respondents were asked to what degree they agreed or disagreed with the statement; 
―Without looking at past bills, I know about how much my average (typical) household water bill 
was (in dollars) last year.‖  Just over 25% of respondents either ―somewhat agreed‖ or ―strongly 
agreed‖ with the statement regarding past water bill amounts, and approximately 70% of 
respondents either ―somewhat disagreed‖ or ―strongly disagreed.‖  
 
Next, the survey asked the extent to which respondents agreed or disagreed with the following 
statement regarding knowledge of typical water use: ―Without looking at past bills, I know about 
how much water my household used in an average (typical) billing period last year.‖  Nearly 
45% of respondents chose ―strongly agree‖ or ―somewhat agree,‖ and approximately 52% either 
―somewhat disagreed‖ or ―strongly disagreed.‖ 
 
Thus California respondents were more likely to remember water use amounts from past bills 
(45%) than dollar amounts from past bills (25%). This is the reverse of the result for the same 
questions asked of households in Florida, where 78% agreed they knew the approximate dollar 
amount of their average bill, but only 38% of homes agreed they knew the approximate number 
of gallons of usage (Whitcomb, 2005). This result may indicate that California respondents are 
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more likely to be able to interpret the details of their water bill and understand how their water 
use fits into water use blocks for inclining block rates designed to encourage water conservation. 
 
Respondents were then posed the statement; ―The cost of water is an important factor for me 
when deciding how much water to use indoors.‖  Only 36% of survey respondents either 
―strongly agreed‖ or ―somewhat agreed‖ with that statement, compared to over 60% who 
―somewhat disagreed‖ or ―strongly disagreed.‖  For the Davis study site, responses were 
reversed, with 65% of respondents either ―strongly agreeing‖ or ―somewhat agreeing‖ versus 
29% choosing ―somewhat disagree‖ or ―strongly disagree.‖ For comparison, 65% of homes 
surveyed in Florida either strongly agreed or somewhat agreed that the cost of water was an 
important factor in deciding how much water to use indoors (Whitcomb, 2005). 
 
The next statement related to determinants of respondents outdoor water use: ―The cost of water 
is an important factor for me when deciding how much water to use outdoors.‖  Only 26% of 
respondents ―strongly agreed‖ or ―somewhat agreed,‖ while approximately 70% either 
―somewhat disagreed‖ or ―strongly disagreed.‖  Again, respondents from Davis differed from 
other study sites, with almost half of the respondents reporting that they ―strongly agree‖ or 
―somewhat agree‖ and 45% either ―somewhat disagree‖ or ―strongly disagree.‖ For comparison, 
72% of homes surveyed in Florida either strongly agreed or somewhat agreed that the cost of 
water was an important factor in deciding how much water to use outdoors. 
 
The next statement related to respondents‘ motivations for conserving water: ―I conserve water 
mainly for environmental reasons.‖  Across all study sites, only 16% ―strongly agreed‖ or 
―somewhat agreed,‖ compared to over 80% who ―somewhat disagreed‖ or ―strongly disagreed.‖ 
For comparison, 67% of homes surveyed in Florida reported that they conserved water mainly 
for environmental reasons (Whitcomb, 2005). 
 
The last statement posed to respondents was related to water use and the cost of wastewater 
service: ―I take into account the cost of wastewater (sewer) service when deciding how much 
water to use.‖   Thirty-nine percent of respondents ―strongly agreed‖ or ―somewhat agreed‖ with 
the statement, and forty-three percent ―somewhat disagreed‖ or ―strongly disagreed.‖  
Respondents who are charged a flat rate for wastewater/sewer services were instructed to mark 
―not applicable,‖ which 17% of respondents did.  In Davis and IRWD, a majority of respondents 
(58% and 62%, respectively) either ―somewhat agreed‖ or ―strongly agreed‖ that wastewater 
rates influence their water use. For comparison, 50% of homes in Florida reported taking into 
account the cost of wastewater in deciding how much water to use.  
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CHAPTER 9 – MODELS OF WATER USE  
Having analyzed both the indoor and outdoor water use patterns and survey information from 
several hundred single-family homes across California, the next step was to perform regression 
analyses on the results in order to determine which factors were most important in explaining 
water use in the homes.  Models were built for total indoor water use (gphd), outdoor water use 
(kgal/year) and individual models were also built for the important end uses because variables 
that might not show up as significant for whole house indoor use may be significant for 
individual end uses. 
 
Using the SPSS package, a series of models were tested.  The list of 61 variables used in this 
analysis is shown in Table 69.  The variables were divided into four groups. The first group 
consisted of dependent variables, namely the daily and annual water use that we seek to explain 
in this analysis.  The second group contained the variables that were thought to be best for the 
indoor analyses.  The third group contained the variables for the outdoor analyses, and the fourth 
group contained questions about the attitudes and knowledge of the customers that were to be 
tested as to their relevance for both indoor and outdoor models. 
 
There were two types of independent variables in the modeling system: continuous variables that 
could assume any real positive value, and flag or conditional variables that were used to test the 
impact of a specific state or conditions on the water use.  Flag variables assume the values of 0 or 
1.  Note that there were no geographical variables, such as the water agency or region of the state 
in which the customer resided.  Geographical variables were excluded because the original work 
plan called for pooling all of the results into a single data set for modeling purposes. By pooling 
the data the underlying factors such as the number of residents, types of fixtures and appliances, 
income, irrigated area, ET, etc., that have a real impact on water use could be identified and 
analyzed using the full range that they assumed in the sample. 
 
The modeling approach was a two step process.  First models were developed using the 
continuous variables that best explained indoor and outdoor water use. Next the impact of the 
conditional variables was tested as to whether their inclusion reduced the variance of the basic 
model.  In this case, variance is the total error of the model in predicting water use.  If a 
conditional variable reduced the variance in a statistically significant degree then that condition 
was deemed important in explaining water use. 
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Table 69: Variables used for modeling single-family water use 

     
 

Var Name Type Description 
Annual_Kgal dependent  annual use kgal 
Outdoor Kgal dependent  best estimate of annual outdoor use 
Indoor_Kgal dependent  best estimate of annual indoor use 
Indoor_GPD dependent  gpd for all indoor uses 
Toilet_GPD dependent  gpd for toilet use 
CW_GPD dependent  gpd for clothes washer use 
Shower_GPD dependent  gpd for showers 
DW_GPD dependent  gpd for dishwashers 
Leak_GPD dependent  gpd for leaks 
Faucet_GPD dependent  gpd for faucets 
Bath_GPD dependent  gpd for baths 
Other_GPD dependent  gpd for other  
CW_GPL continuous gallons per load for clothes washers 
Toilet_GPF continuous gallons per flush for toilets 
CW_HE flag set if cw gpl < 30 
Toilt_HE flag set if toilet gpf < 2.0 
Res_No continuous number of residents in home 
Youth flag flag for presence of non-adults in home 
AtHome flag flag for at least one adult at home that is not employed outside home 
OwnHome flag flag for ownership of home 
Pay4Wtr flag flag if homeowner pays his own water bill 
AveRate continuous Average water rate for customer 
MaxRate continuous maximum rate charged for water 
Bedrooms continuous number of bedrooms in home 
HouseAge continuous year that house was built 
Bathrms continuous number of bathrooms in the home 
Pool flag does house have a pool 
Fount_out flag does house have an outdoor fountain 
Fount_in flag set if house has an indoor fountain or water feature 
Income_Hi flag set flag if household income is => $120,000 
Income_Low flag set if income is =< $30000 
Garb flag set if house has a garbage disposal 
CW flag set if house has a clothes washer 
CW Front flag set if house has a front loading CW 
DW flag set if house has a dishwasher 
Spa_In flag set if house has an indoor spa or jacuzzi tub 
Spa_out flag set is house has an outdoor spa or hot tub 
Swamp flag set if house has a swamp cooler 
Treat flag set if house has a whole-house water treatment system 
ULF flag set if owners report having at least 1 ULF toilet 
Hydra flag set if there is at least one multi headed shower in the home 
Leak flag set if homeowner reports knowing of a leak in the home 
Wait flag set if homeowner reports a very long wait for hot water 
Lot_area continuous lot size 
Irr_area continuous total irrigated area 
Turf_area continuous total turf area 
Nonturf_area continuous total non-turf area 
NetETo continuous net Eto for site 
AppliedWater dependent  water applied to landscape (inches) 
TIR continuous theoretical irrigation demand (Inches) 
AppRatio dependent  Application ratio (Applied water/tir) 
LndscpRatio continuous landscape ratio (TIR/RefRequirement) 
ExcessUse dependent  excess water use (kgal) 
ContractWtr flag Is the contractor responsible for watering your lawn 
Sprinklers flag do they have an inground irrigation system 
Override flag does the system have a rain or other shut off device 
KnowBill flag Know how much my average water bill was last year (4) 
KnowVol flag Know average volume of water used last year 
CostImp flag The cost of water is important 
Enviro flag I conserve water for environmental reasons 
CostAccount flag I take cost into account when deciding how much water to use 
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Indoor Models 
Regression analyses were done for both total indoor use and for several key individual end uses. 
This section describes the model results for the indoor uses. 

Overall Indoor Use 
A total of eight continuous variables were tested for significance in predicting overall indoor 
water use.  In this model the dependent variable was daily indoor household water use (gphd) 
determined from the flow trace analysis.  The independent variables were obtained from the 
survey results.  Both linear and log-log models were tested and the log-log model was found to 
give a better fit to the data.  In addition, the log-log model also captures the fact that indoor water 
use is not linearly related to the key variable (the number of residents in the home), so a log-log 
model was selected for the indoor model.  Table 70 shows the variables tested for the indoor 
model and the significance, measured by the respective p values, determined for each. 
 

Table 70: Continuous variables tested for indoor model 

Variable p-value 
Number of residents in home 0.00 
Household income 0.76 
House Age 0.70 
Home_value 0.39 
Number of  Bedrooms 0.60 
Number of Bathrooms 0.46 
Indoor SQFT 0.36 

 
As can be seen in Table 70 the only continuous variable that was found to be statistically 
significant in predicting indoor use was the number of residents in the home.  All of the others 
had significance p values greater than 0.10, which means that there is a greater than 10% chance 
that their impact was simply random.   
 
The model that resulted from the analysis of indoor water use versus the number of residents in 
the home is shown in Equation 9-1.  The R2 value for the model was 0.40, which implies that the 
model explains roughly 40% of the variability in observed water use.  

Equation 9-1: Model for indoor water use        

50.6_Re675.72_ 728.0NosUseIndoor    

Where: 

Indoor_use = gallons per day of indoor water use 
Res_no = number of residents living in the home 
6.50 = bias correction factor 
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This model describes household water use patterns in the single-family homes in this study, 
based on their current demographics and physical characteristics.  If one examines the 
descriptive statistics for the homes, described in this report in terms of percent of homes with 
high-efficiency fixtures and appliances, income, employment, etc. then the indoor model 
describes a population of homes meeting those parameters. 
 
To the extent that various groups of homes vary in their characteristics from the homes included 
in this study it was necessary to test for certain conditional variables.  In order to see how the 
various physical and demographic parameters affect the predicted water use a series of 
conditional variables were tested in order to determine how they affected the predicted indoor 
water use in homes.   
 
Table 71 shows a list of the conditional variables tested for their impacts on indoor water use.  
The table shows the variable names, the description of what the variable means, the change in the 
mean indoor use associated with the variable, the probability that the observed change in means 
in simply due to chance, the total number of homes for which the variable was available, and the 
total number of positive responses for the variable.  The variables that proved useful for the 
predictive model have been bolded.  
 
 

Table 71: Conditional variables tested for indoor model 

Variable Name Description of Variable 

Change 
in Mean 

Daily 
Use 

(GPD) 

p-value Total No. of 
Responses 

Total Positive 
Responses 

significant_leak Trace analysis showed 
leakage greater than 100 gpd. 222.90 0.000 451 25 

Youth Is at least one of the residents 
of the home not an adult? -41.62 0.000 451 170 

Toilet_HE Does the flow trace analysis 
show average gpf to be less 
than 2.0? 

-21.98 0.026 448 129 

Survey_ULF Did the survey indicate at 
least one ULF toilet in the 
home? (note: this is not 
additive with Toilet_HE) 

-20.54 0.065 369 262 

CW_HE Did the flow trace analysis 
show average gallons per 
load to be less than 30? 

-16.72 0.083 426 136 

Hydra Did the survey indicate at 
least one multi-headed 
shower head present in the 

25.91 0.154 451 30 
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Variable Name Description of Variable 

Change 
in Mean 

Daily 
Use 

(GPD) 

p-value Total No. of 
Responses 

Total Positive 
Responses 

home? 
Income_Hi Was the household income 

above $120,000? -13.63 0.168 377 140 

CW_Front Did the survey response 
indicate that the home has a 
front loading clothes washer? 

-11.98 0.283 360 110 

Pay4Wtr Do the residents pay for their 
own water? -48.06 0.322 445 441 

Spa_out Is there an outdoor spa or hot 
tub at the home? 

-9.93 0.381 447 91 

Spa_in Is there an indoor spa at the 
home? 

-23.82 0.386 374 13 

OwnHome Do the residents own the 
home? 

-14.36 0.393 446 411 

Survey 
Dishwasher 

Is there a dish washer 
present? 

-9.51 0.451 406 349 

Survey Cooler Is there a swamp cooler? 27.75 0.456 410 7 
Survey Garbage 
Disposal 

Is there a garbage disposal? -10.12 0.461 406 349 

Stay at home? Is there at least one adult that 
is not employed outside the 
home? 

-3.38 0.732 444 316 

Survey Softener Is there a whole house water 
treatment system present? 

4.52 0.770 415 45 

Fount_Out Is there an outdoor fountain 
present? 

2.66 0.844 451 58 

Wait Is there a noticeable wait for 
hot water somewhere in the 
home? 

1.84 0.848 384 163 

Pool Is there a swimming pool 
present? 

-1.28 0.913 388 77 

Income_Low Is the household income less 
than $30,000? 

1.57 0.924 377 35 
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For practical purposes this model took the form shown in Table 72.  This model is applied by 
first determining the uncorrected water use by multiplying 72.675 times the number of residents 
to the 0.728 power.  The four correction factors are determined by multiplying the percent of the 
populations that are negative for the factor by the negative study residual plus  the percent of the 
population for which they are positive times the positive residual.  The total correction factor is 
the sum of the four separate factors. 

Table 72: Working version of predictive model 

Indoor Model Summary 
 Exponent Constant Bias Correction  
Number of Residents 0.728 72.675   
Bias correction 6.5    
 Study Pct. 

Neg. 
Study Pct. Pos. Study Residual 

 (-) 
Study Residual 
(+) 

Significant leak 93% 6.55% -12.356 210.541 
HE Clothes washer 71% 29.50% 10.012 -6.708 
HE Toilet 70% 29.73% 7.747 -14.235 
Kids/Teens at home 64% 36.15% 15.688 -25.932 

 
When the predictive model is used with an average number of 2.94 residents per household, 
which was the average number of persons per household in the study group, and with the 
proportion of homes meeting the four conditional criteria shaded in green, then the model 
predicts an average indoor household use of 175 gphd, which is the same as the observed use 
shown in Table 37.   

Per Capita Indoor Use Relationships 
At this point the research contains detailed indoor use data for a number of study sites, which 
were collected using the same techniques used for this study.  Using each dataset, relationships 
were developed between indoor water use and the number of occupants in the homes.  These per 
capita relationships are shown in Table 73 and Figure 71.  It is significant to note that none of the 
relationships between indoor water use and number of residents are linear.  This effect has been 
noted by other authors such as Pekelney and Chesnutt53, and it has important implications for use 
of per capita data for projecting water savings or water demands.  The last column of Table 73 
shows the projected per capita use for a family of three based on each data set.  These show that 
the per capita indoor use in the California Single-Family Homes Study is 13.3% lower than the 
per capita indoor use from the REUWS when the data are normalized for a family of three.  
 

                                                 
53 Pekelney, D.M., T.W., Chesnutt, and D.L. Mitchell (1996). "Cost-Effective Cost-Effectiveness: 

QuantifyingConservation on the Cheap." In: AWWA National Conference, AWWA, Toronto, Canada., Pgs 6, 7 & 
8. 
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Table 73: Comparison of per capita indoor water use  

Study  Model Description Per capita 
Use for 

Family of 
three 

Percent of 
REUWS 

REUWS 87.41 · x0.69 1189 homes from 
REUWS set 

62.18 100% 

California SF Home 
Study 

72.67 · x0.728 The 780 SF homes in 
this study, see Equation 
9.1 

53.89 87% 

EPA New Home 
Study 

66.3 · x0.63 Study of homes built 
after 2001 

44.15 71% 

EPA Post Retrofit 
Study 

50.21 · x0.77 Study of 100 high-
efficiency homes 

39.0 58% 

 
When the four equations shown above are plotted on the same graph the results are quite 
striking.  The oldest and least efficient is the group of homes from the REUWS study.  The 
highest efficiency homes are those from the EPA Retrofit study.  The group of approximately 
300 new homes selected from standard homes built after 2001 in 10 water agencies lies just 
above the Retrofit homes, and the homes from this study, which are a cross section of existing 
homes in California lies between the new homes and the REUWS homes.  The potential savings 
in indoor use in the California homes can be estimated as the reduction in use that would occur if 
the homes‘ consumption dropped to the region of the bottom line in the figure represented by the 
EPA Retrofit Homes.   
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Figure 71: Comparison of per capita indoor use relationships 

Individual End Uses 
Individual end use models were developed for clothes washers, faucets, leaks, showers and 
toilets.  These models helped to clarify the factors that influence these end uses, which might not 
have shown up as significant in models of overall indoor use.  They offer several useful insights 
for program design, but are not intended to be used for prediction of overall household use.  

Clothes washer end use analysis 
The model for clothes washer use was developed similarly to the indoor use model.  First a 
regression model was created using the continuous variables that proved significant in predicting 
clothes washer use. Next, a series of conditional variables were tested as to how they improved 
the fit of the data. Like daily indoor use, this end use follows a log-normal distribution. Several 
of the factors listed below correlate with higher or lower clothes washer use, but we would not 
say that in all cases these factors have a cause and effect relationship.  For example, the two 
questions about knowledge of water and wastewater use and charges correlate with increased 
clothes washer use.  This is an interesting correlation, but one would not expect that knowledge 
of water use and wastewater charges would necessarily lead to increased clothes washer use, 
unless people who pay attention to things like the cost of water are basically more compulsive 
about details, and this extends to the level of cleanliness of their clothes. 
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The following factors were associated with higher clothes washer use.  All except the first two of 
these variables are flags: 
 

 Number of residents 
 Higher clothes washer gallons-per-load 
 Having residents younger than 18. This is after correcting for the number of residents. 
 Agreement with ―Without looking at past bills, I know about how much water my 

household used in an average (typical) billing period last year‖ q45B 
 Agreement with ―I take into account the cost of wastewater (sewer) service when 

deciding how much water to use‖ q45F 
 Respondents who underwent bathroom renovations and plumbing renovations. These 

numbers are not cumulative for respondents who have renovated both. 
 
Factors associated with lower clothes washer use: 
 

 Having to pay for water 
 
Table 70 shows the continuous variables that tested positive for clothes washer use. The resulting 
model, shown in Equation 9-2, had an r2 value of 0.30. 
 

Table 74: Continuous variables found to be significant for clothes washer use 

Variable p-value 
Number of residents 0.00 
Clothes washer gallons per load 0.00 
 

Equation 9-2: Clothes washer end use correction 

 
70.058.0 __Re31.1 GPLCWNosCW  

 
Where: CW = gallons per household per day used for clothes washers 
Res_No = number of residents in the home 
CW_GPL = capacity of clothes washer (gal/load) 
 
This regression achieved the highest r-squared (0.30) by ignoring other physical factors: income, 
age of home, home value, and indoor size. The strength of a factor is measured by the difference 
in average clothes washer use. The mean of corrected clothes washer use is based on residuals 
from log-log regression. 
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Table 75: Conditional variables tested for impacts on clothes washer use 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 

Responses 
Pay4Wtr Do the residents pay 

for their own water? -18.73 0.05 421 417 

Survey Bathroom 
Renovated 

Bathroom fixtures have 
been renovated 3.52 0.09 374 235 

Survey Plumbing 
Renovated 

Plumbing has been 
renovated 3.53 0.10 364 144 

q45F_agree Agreement with ―I take 
into account the cost of 
wastewater (sewer) 
service when deciding 
how much water to 
use‖ 

3.57 0.08 367 148 

q45B_agree Agreement with 
―Without looking at 
past bills, I know about 
how much water my 
household used‖ 

4.19 0.04 372 164 

Youth Is at least one of the 
residents of the home 
not an adult? 

4.59 0.02 426 162 

 
Whether the clothes washer is a front-loading or top loading design did not reach significance. 
This is expected because the effect of clothes washer load volume is already corrected as part of 
regression gallons per load.  
 
The means reported for bathroom and plumbing renovations are not cumulative. The real 
interpretation of the renovations findings is that kitchen renovations are not related to clothes 
washer use, where households with either plumbing or bathroom renovations are associated with 
increased use.  
 
The data show that after correcting for the number of residents in the home, having children or 
teenagers present in the home is associated with a modest increase of 4.59 gpd for clothes washer 
use.  This makes sense given the way children and teenagers get their clothes dirty at school, 
play or sports.  
 
Only 1% of respondents reported that their landlord or homeowners association pays for water.  
This small group, however, had an average  use that was 18.7 gphd less than the rest of the 
households. Even though the p value was only 0.05, which indicates a statistically significant 
value, a sample of only 1% seems too small from which to base general conclusions. 
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Four factors reached significance with very similar results: Two attitude questions and the 
presence of bathroom and plumbing renovations are each associated with an average 3.52 – 4.19 
gphd higher clothes washer use.   We speculated above about the possible linkages between 
attitudes and clothes washing.  The relationship between remodels and plumbing seems a more 
concrete sort of effect. 

Faucet end use analysis 
Like daily indoor use, this end use follows a log-normal distribution.  
 
Factors significantly associated with higher faucet use: 

 Number of residents 
 Number of toilet flushes 
 A ―leak‖ other than toilet, faucet, pool and irrigation leaks. 

 
Factors significantly associated with lower faucet use: 

 Modernized kitchen appliances (dishwasher and garbage disposal) 
 Agreement with ―Without looking at past bills, I know about how much water my 

household used in an average (typical) billing period last year.‖ 
 Agreement with ―The cost of water is an important factor for me when deciding how 

much water to use indoors (e.g. for washing dishes, washing clothes, showering/bathing, 
etc.)‖ 

 Agreement with ―I take into account the cost of wastewater (sewer) service when 
deciding how much water to use.‖ 

 Household has a water softener, pool or outdoor spa. (Numbers reported do not reflect a 
cumulative effect) 

 Household has residents under 18 
 
The level of significance reflected here is based on corrected Trace Wizard faucet analysis using 
the same technique as broader indoor and outdoor models for total household use: log-log 
regression. This technique is used to mitigate the dominance of physical features like bathroom 
use and the number of people in the household over subtler features like the respondent‘s 
attitudes toward water conservation. Bathroom use is defined by the number of toilet flushes per 
day. This factor is not generally estimable in the population – it is reflected specifically as part of 
the faucet end use model and is not included in any other models.  
 

Table 76: Faucet end use correction factors 

Factor p-value 
Flushes Per Day 0.00 
Residents 0.00 
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Equation 9-3: Faucet end use correction 

 
0.46FPD0.44residents5.54  GPDFaucet  

 
Where: 
 
Faucet GPD = Average daily gallons faucet use 
Flushes per day = Average daily number of toilet flushes 
Residents = Full-time residents in household 
 
This regression achieved the highest r-squared (0.29) by ignoring other physical factors: income, 
age of home, value of home, inside size of home, and number of bathrooms. Generally, survey 
responses are less complete for these ignored variables.   
 
The strength of a factor is measured by the difference in average daily faucet use. The mean of 
corrected faucet use is based on residuals from log-log regression. 

Table 77: Conditional variables tested for impacts on faucet use 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 

Responses 
Survey 
Dishwasher 

Is there a dishwasher 
present? -14.17 0.00 398 330 

Survey Garbage 
Disposal 

Is there a garbage 
disposal? -13.08 0.00 403 347 

q45B_agree Agreement with 
―Without looking at past 
bills, I know about how 
much water   
my household used in an 
average (typical) billing 
period last year.‖ 

-7.85 0.00 391 174 

Spa_out Is there an outdoor spa or 
hot tub at the home? -7.71 0.00 444 89 

q45F_agree Agreement with ―I take 
into account the cost of 
wastewater (sewer) 
service  when deciding 
how much water to use.‖ 
 

-7.16 0.00 386 158 
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Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 

Responses 
q45C_agree Agreement with ―The 

cost of water is an 
important factor for me 
when   
deciding how much water 
to use indoors (e.g. for 
washing   
dishes, washing clothes, 
showering/bathing, etc.)‖ 

-6.34 0.01 392 143 

Survey Softener Is there a whole house 
water treatment system 
present? 

-5.93 0.10 412 45 

pool Is there a swimming pool 
present? -5.35 0.07 385 75 

Youth Is at least one of the 
residents of the home not 
an adult? 

-4.11 0.06 448 168 

Survey Other 
Leaks 

A ―leak‖ other than toilet, 
faucet, pool or irrigation 
leakage 

28.50 0.00 389 6 

 
Other factors, such as the number of adults not employed outside the home did not reach 
significance. With a larger sample, bathroom renovations may reach significance.  
 
The survey asked the residents to say whether they had known leaks in five types of devices: 
toilets, faucets, pools, irrigation systems and ―other leaks.‖ There were a few homes that 
responded that they had other leaks.  This response was associated with a significant increase in 
faucet use.  It is possible that theses leaks gave the appearance of faucets, and that in this case 
some leaks -were classified as faucet use. 
 
The results for dishwashers are interesting in that they suggest that the presence of a dishwasher 
relates to lower faucet use.  This makes intuitive sense since dishwashers wash dishes far more 
efficiently than do hand washers.  On average there are 0.35 dishwasher loads per day and these 
are linked to 14 gpd of reduced faucet use.  This suggests that a dishwasher that uses 7 gallons 
per run or 2.4 gpd of water eliminates the use of 14 gallons of faucet use for a net reduction in 
11.5 gpd in indoor use.  The data do not prove this to be the case, but do suggest that 
dishwashers may be water conservation devices. 
 
The same is true of garbage disposals, although the intuitive linkage is not quite as compelling.  
The logic here is that having a garbage disposal reduces the amount of water that is run into the 
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kitchen sink in order to clean out food particles and keep the drain running.  Again, this is an 
interesting finding and one that could be tested through pre-post analysis in a set of test homes. 

Leaks 
Like daily indoor use, household leakage follows a log-normal distribution. However, the highest 
―leak‖ rates are several orders of magnitude above the mean. Unlike other end uses in this 
analysis, leakage was not found to be related to any of the continuous variables in the data set so 
it was modeled strictly against the conditional variables.   
 
The following conditional factors were associated with higher leakage: 
 

 The presence of a swimming pool 
 Remedy installed for hot water availability 
 Having an in-ground sprinkler system 
 The presence of a water treatment system  
 Survey indicates any leaks were known to be present in the home 

 
Factor associated with lower leakage: 

 
 Manual irrigation (versus automatic irrigation) 

 
As shown in Table 78 the strength of a factor is measured by the difference in average daily 
leakage and the p value being less than 0.10. 

Table 78: Conditional variables tested for impacts on leakage 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total Positive 
Responses 

Survey Manual 
Irrigation 

Any part of the 
landscaping is 
watered manually 

-4.29 0.07 393 284 

survey_leaks Any ―leak‖ indicated 2.27 0.04 415 56 
Survey Treatment Is there a whole 

house water 
treatment system 
present? 

7.47 0.01 425 47 

SprinklerSystem In-ground sprinkler 
system 8.35 0.01 733 246 

Survey Toilet 
Leaking 

Toilet is running, 
potentially a flapper 
leak 

10.58 0.06 415 23 
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Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total Positive 
Responses 

Q10 Hot water remedy 12.11 0.05 380 42 
Pool Is there a swimming 

pool present? 17.51 0.09 396 78 

 
The data show that there is a marked difference of over 12.6 gphd in mean leakage rates between 
homes with automatic sprinklers and homes that irrigate manually.  This suggests that automatic 
sprinkler systems are the source of a significant amount of leakage in these homes.   It is not 
really clear why having a water softener should relate to increases in leakage.  Perhaps this is due 
to the fact that water softeners may create events that have the appearance of leaks.  The fact that 
the two survey questions about leakage relate to the amount of leakage found in the trace is 
obvious.  The relationship between a pool and leakage may be due to the fact that some pools are 
a source of leaks and that pool filling may appear to be leakage on the trace as pools are 
continuously refilled to replace evaporation and splashing losses. Again, it is not clear what the 
relationship is between having a hot water recirculation system and leakage. These devices 
operate inside the house plumbing systems and should not have an impact on the water meter. 

Shower end use model 
Daily shower usage showed a relationship between the number of residents in the home and the 
household income.  Like daily indoor use, this end use follows a log-normal distribution.  
 
Factors associated with higher shower use: 

 Number of residents 
 Income 
 Renting 
 Unspecific renovations (any bathroom, kitchen, or plumbing renovations) 

 
Factors associated with lower shower use: 
 

 Adults not employed outside the home. This occurs after correcting for the number of 
residents. 

 Outdoor spa or hot tub 
 
The level of significance reflected here is based on corrected shower gallons-per-day from Trace 
Wizard analysis using the same technique as broader indoor and outdoor models for total 
household use: log-log regression. This technique is used to mitigate the dominance of physical 
features like the number of people in the household over subtler features like the respondent‘s 
attitudes toward water conservation.  
 



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 209 

Table 79: Shower end use correction factors 

Factor p-value 
Residents 0.00 
Income 0.01 

 

Equation 9-4: Shower end use correction 

 
0.270.84 IncomeResidents3.49GPHDShower  

 
Where: 
 
Shower gphd = Average daily shower use (gallons) 
Residents = Full-time residents in household 
Income = Annual household income, units of $1000 
 
The regression achieved the highest r-squared (0.29) by ignoring other physical factors: income, 
age of home, home value, indoor size of the home, number of bathrooms and, notably, 
showerhead flow rate. Showerhead flow rate is not correlated strongly with household shower 
water use and its absence means this model predicts no change in daily shower volume given a 
change in showerhead flow rate.  
 
The lack of a relationship between shower flow rate and household water use for showering 
appears to be due to the fact that while there is a significant spread in flow rates of individual 
showers, as shown in Figure 48 and Figure 49, there is not a lot of variation in the average 
shower flow rate on the household level.  The average shower flow rate for each of the 716 
homes in the group was 2.15 ± 0.05 gpm, which implies that the variability in shower flow rates 
occurs within the houses rather than among them.  In other words, the higher flow rate showers 
are spread out among many homes rather than being concentrated in a few homes, and as a 
consequence the impact of higher flow rate showers was lessened in significance. 
 
It was interesting to note that the presence of multi-headed showers was not a factor in predicting 
greater household shower usage, while it was a factor relating to increased total indoor water use.  
Examining the data showed that the homes with the multi-headed showers also had larger 
leakage than the others.  This suggests a relationship between leaks and multi-headed showers.  -
Whether the showers‘ heads are actually leaking themselves, or whether this is a coincidental 
finding remains to be seen.  
 
The strength of a factor is measured by the difference in average daily shower use. The mean of 
corrected shower use is based on residuals from log-log regression. 
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Table 80: Conditional variables tested for impacts on shower use 

Variable Description Change in 
Mean 

Daily Use 
(gphd) 

p-value Total 
Responses 

Total 
Positive 

Responses 

Spa_out 
Is there an outdoor 
spa or hot tub at the 
home? 

-5.52 0.06 368 72 

At Home 

Is there at least one 
adult that is not 
employed outside 
the home? 

-4.51 0.08 371 256 

Renovations 
Any bathroom, 
plumbing or kitchen 
renovations 

5.20 0.07 335 259 

Renter 
Survey respondent 
is not the 
homeowner 

13.35 0.00 369 29 

 
Other factors, including presence of a multi-showerhead fitting and attitudes about water 
conservation, did not reach the 90% significance level.  The relationship between having an 
outdoor spa and less water used for showering seems to imply that people may spend less time in 
the shower if they have a spa.  The fact that having someone at home during the day relates to 
less shower use seems counter intuitive.  One would expect persons in the home during the day 
to shower more than people who go out to work. Perhaps people who stay at home don‘t shower 
because they don‘t need to, or they may go to health clubs.  It is possible that generational 
changes affect this result as well.  The survey did not include ages of residents beyond 18 years, 
and adults at home during the day may be related to the age of those residents.  Having a positive 
relationship between bathroom improvements and more shower use makes sense, but it is not 
clear why renting rather than owning relates to more shower use. Remember, the number of 
residents in the home has already been taken into account. 
 
The 29 homes occupied by renters also used more water for showering.  This is a small sample 
so it is difficult to determine if there is a meaningful relationship between renting and shower 
use.  Showerhead flow rates showed no relationship to renting.  The distinction between shower 
use by renters versus homeowners is probably related to a difference in per-person daily shower 
duration. Average duration per renter is 9.7 minutes, versus 5.8 minutes per homeowner.  But 
this simply begs the question as to why renters spend more time in the shower.  This may just be 
a coincidental relationship, or it could be due to the fact that the renters under-reported the 
number of persons living at their addresses. 
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Toilet end use model 
Like daily indoor use, this end use follows a log-normal distribution.  
 
Factors associated with higher toilet use: 
 

 High volume toilet 
 Number of residents 
 Indoor house size 
 Agreement with ―I conserve water mainly for environmental reasons.‖ 
 Adults not employed outside the home. This occurs after correcting for the number of 

residents. 
 Bathroom renovations. This occurs after correcting for the toilet flush volume. 

 
Factors associated with lower toilet use: 

 
 Residents under the age of 18. This occurs after correcting for the number of residents. 

 
The level of significance reflected here is based on corrected toilet gallons-per-day from Trace 
Wizard analysis using the same technique as broader indoor and outdoor models for total 
household use: log-log regression. This technique is used to mitigate the dominance of physical 
features like household size and the number of people in the household over subtler features like 
the respondent‘s attitudes toward water conservation.  
 
It‘s important to note that domestic toilet statistics from flow trace analysis can provide three 
valuable pieces of information: 
 
Average toilet flush (reported here as gallons per flush) is an objective measure of water 
efficiency. The mean of household average toilet flush volume is an appropriate measure of 
average toilet flush volume throughout the population.  
 
Flushes per day can be used to estimate how busy a household is on a daily basis, and can be 
more appropriate than number of residents when investigating changes in water use for fixtures 
other than toilets. Put another way, this analysis assumes that toilet flush volume is unrelated to 
many demographic and habitual characteristics; conversely, flushes per day is likely related to 
demographic and habitual characteristics. While approachable, flushes per day is not a 
commonly available statistic for a population, and statistics in units of flushes per day are not 
practically applied to a population specifically with regard to volumetric changes in water use.  
Daily toilet volume is algebraically = (average toilet flush) x (flushes per day). Reported here as 
gallons per day, this is the most useful statistic for dimensionally evaluating change in water use. 
However, while average flush volume and flushes per day are assumed to be unrelated in cases 
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where both quantities are nonzero54, daily toilet volume is of course fundamentally dependent on 
both quantities.  
 
If one knows the average flushes per day and the gallons per flush then it would be possible to 
perfectly predict toilet use.  In fact it is impossible to know both of these parameters.  The 
average flushes per day is related to the number of persons per home.  In addition, it appears as 
though toilet flushing is related to the size of the home.  Perhaps larger homes have more visitors 
and guests who contribute to the totals. The data suggest that daily volumetric household toilet 
use is dependent of the average flush volume of the toilets, the number of residents in the home, 
and the size of the home. 
 

Table 81: Toilet end use correction factors 

Factor p-value 
Residents 0.00 
Gallons per flush 0.00 
Indoor SQFT 0.01 

 

Equation 9-5: Toilet end use correction 

 
0.320.860.61 sqftIndoor flushper  GallonsResidents0.69GPDToilet  

 
Where: 
Toilet GPD = Average daily gallons toilet use 
Gallons per flush = Average toilet flush volume, probably averaged over several toilets in 
household 
Indoor SQFT = house size (indoor) in square feet.  
 
This regression achieved the highest r-squared (0.46) by ignoring other physical factors: income, 
age of home, value of home, and number of bathrooms.  The fact that a relationship was seen 
between the number of residents, the size of the average flush and total daily toilet use makes 
perfect sense.   
 
Table 82 shows the impact analysis for the conditional variables.  The strength of a factor is 
measured by the difference in average daily toilet use. The mean of corrected toilet use is based 
on residuals from log-log regression. It‘s important to interpret these differences independent of 
the toilet flush volume; for example, a difference related to bathroom fixtures occurs beyond the 
impact of changing toilet flush volume.  

                                                 
54 Theoretically, zero toilet volume gives no information about toilet flush volume nor flushes per day. Fortunately, almost all domestic use 

logged includes toilet use. 
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Table 82: Conditional variables tested for impacts on toilet use 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 

Responses 

Youth 

Is at least one of 
the residents of 
the home not an 
adult? 

-6.79 0.02 212 93 

Survey 
Bathroom 
Renovated 

Bathroom 
fixtures have 
been renovated 

5.46 0.07 188 115 

Person at Home 

Is there at least 
one adult that is 
not employed 
outside the 
home? 

7.06 0.02 208 137 

q45E_agree 

Agreement with 
―I conserve water 
mainly for 
environmental 
reasons.‖ 

9.59 0.01 186 34 

 
It makes sense that having young people in the home reduces toilet use since youngsters tend to 
be at school during the day.  It is also reasonable that having adults at home during the day 
increases the frequency of toilet flushing.  It seems reasonable that having a renovated bathroom 
might increase its use, but if this renovation included toilet upgrades one would expect the 
opposite effect.  It makes no sense as to why conserving water for environmental reasons should 
increase toilet use. This is probably a spurious finding. The presence of ULF toilets based on the 
survey did not reach significance. This is expected because daily toilet volume has been 
corrected for toilet flush volume.  

Discussion of Indoor Model  
In this study group the only continuous variable that was found to be statistically significant with 
respect to indoor water use was the number of residents in the home.  The size of the home and 
the home value were the closest to having significance, but neither had more than an 84% chance 
of being significant.  The Yarra Valley, Australia study, which included over 700 homes, found 
that the number of residents was the only significant factor in indoor use. 
 
The indoor water use models that were derived from the data in this study show that indoor use is 
related to the number of persons per home, whether there are any significant leaks in the home, 
whether there is at least one non-adult living in the home, whether the home is equipped with 
ULF or better toilets and high-efficiency clothes washers. 
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While the individual end use models provide interesting insights into water use they are less 
useful for generalized predictions. Either they relate to parameters that are difficult to determine 
with statistical accuracy, or they rely primarily on the same major parameter, the number of 
persons per home. 
  
We suggest using the overall end use model for planning purposes.  
 
There are several interesting findings in the conditional variables.  Going down the list in Table 
71: 
 

 The presence of a non-adult (teenager or child) was associates with less water use (~42 
gpd) for the same total number of residents.  This means that that a youth tends to 
account for less water use than an adult in the home, and that a home with three adults 
will use more water than a home with two adults and a youth. According to the models, a 
home with standard fixtures and appliances with three adults is expected to use 162 gphd, 
while a home with two adults and a youth is expected to use only 120 gphd. 
 

 There was remarkably good agreement among the homes in which flow trace analysis 
showed the presence of ULF toilets and in which the survey indicated that at least one of 
the toilets was a ULF.  This is reassuring.  The fact that there were more homes with at 
least one ULF than homes that met the efficiency criteria shows that there may be some 
confusion among customers about identifying ULFs by the customers, and also that a 
single ULF is not enough to bring the average gallons per flush under 2.0, which was the 
cut-off used for our categorizing.   
 

 Homes which meet the ULF criteria used approximately 22 gallons per day less for 
indoor uses than equivalent non-ULF homes. 

 
 The presence of high-efficiency clothes washers was responsible for a reduction in indoor 

use of 17 gpd relative to homes with standard clothes washers. 
 

 Together, ULF toilets and high-efficiency clothes washers account for a reduction in 
indoor water use of 39 gpd or 14,235 gallons per year. 
 

 The presence of a multi-headed shower head was significant at the 85% confidence level 
and was associated with an increase in indoor water use of 26 gpd.  This did not meet the 
95% level used for the cut-off, but it is suggestive that these devices actually do increase 
indoor use.  They were found in only 30 out of 451 respondents. 
 

 The high income variable was also almost significant.  High income households, though, 
tended to use less water than the mean. Perhaps this is because everyone is out working, 
or they belong to more recreation centers. 
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 None of the variables below the front loading clothes washer in Table 71 appeared as 
significant in explaining indoor water use.  The 163 homes in which people reported 
having a noticeable wait for hot water did not increase the indoor water use.  This is 
surprising and probably shows that these people simply learned to use cold water rather 
than waiting for the hot water to arrive. 
 

 Homes in which the residents paid for water had a lower average indoor use, which is as 
one would expect. The statistical significance, however, is not sufficient for a firm 
conclusion.  

 
 The presence of a spa either in or outside of the home had no impact on indoor use. 

Actually, spas were associated with decreases in indoor uses, which does not seem 
logical. Perhaps these spas were not used that much.  The survey, however, shows that 
85% of the people with spas reported that they are filled year round.  So there are still 
some questions here.  One would think the homes with spas would tend to use more 
water than equivalent homes with no spas. It may also be that spa use showed up in the 
analysis as outdoor use. 

 
 Indoor use impacts could not be found for home ownership, the presence of garbage 

disposals, swamp coolers, dishwashers, someone at home during the day, water softeners, 
pools, slow hot water systems or fountains.  In some cases the impacts were small in 
comparison to the total indoor use, or there were not enough respondents either with or 
without the devices to give a good comparison. 

 
 The presence of pools did not change indoor use.  This makes sense because residential 

pools are almost always outdoors, and also shows that pool use did not accidentally get 
classified as indoor use during the analysis. 

 
 Low income households clearly did not use indoor water differently than other homes. 

 

Predictive Indoor Models 
There were two approaches for making predictions of indoor water use from the data collected in 
this study.  The first was to use the indoor model developed for the study group and to change 
the parameters for the explanatory variables to reflect greater proportions of the homes falling 
into the high-efficiency categories. This would involve reducing the percent of homes with more 
than 100 gpd of leakage and increasing the percent of homes that met the toilet efficiency criteria 
of average flushes of 2.0 gallons or less and increasing the percent of homes meeting the high-
efficiency criteria of clothes washer per load volumes of 30 gallons or less.  Table 83 gives 
examples of what the indoor use model predicts for impacts of these changes while leaving the 
number of persons per household and the proportion with youngsters alone. 
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As can be seen from Table 83 the data from this study predict that if all of the remaining clothes 
washers and toilets were brought to the efficiency criteria used for this study, the average 
household use would drop from 175 gphd to 148 gphd.  This would be an improvement, but 
would not reach the target of 120 gphd used as the study efficiency benchmark.  In order to get 
closer to this target it will be necessary to limit leakage in the homes to less than 100 gphd.  If 
this were done then the predicted average household indoor use would drop to 133 gphd, which 
is closer to the target, but still 11% above it. 
 
The reason that the model derived from the study data fails to predict household water use down 
at levels which are known to be possible from the retrofit studies is that there are so few homes 
meeting these criteria in the group that the model fails to make projections in these ranges.  The 
household efficiency criteria used for the models are based on toilet flushes that basically meet 
ULF, or 1.6 gpf, criteria, and clothes washer volumes of 30 gpl.  Both of these are more efficient 
than the averages found in the population, but they are not at the best efficiency levels available.  
It is important to note that could be a difference between the best efficiency levels and the water 
savings achievable in actual applications, due to water savings degradation, as well as limits to 
customer acceptance of some technologies.  The models do not predict savings from faucets or 
showers since there was not enough variability in the data to elicit these effects. 
 
The second approach for predicting impact on indoor household water use was the performance 
based model based on conservation potential calculated individually for each home in the study 
group; as opposed to calculated from a mathematical relationship. In this approach the 
conservation potential for the group was determined by taking the total savings for each home 
for four indoor water uses: toilets, leaks, clothes washer, and faucets using a spreadsheet that 
compared the observed daily use to the predicted use if the conservation parameters were 
adhered to. 
 
The performance model uses the number of toilet flushes per day and the number of loads of 
clothes per day times volumes measured by the flow trace analysis and the conservation target 
gallons per flush or gallons per load to calculate the projected water use for toilets and clothes 
washers for each home in the study group.  Leakage rates are determined by assuming that we 
can cap the maximum allowable leakage per household at a desired level, which in this case is 25 
gpd. Faucet use is estimated by assuming that devices can be found that will reduce faucet use by 
a set percentage (10%).  These parameters are used to determine what the water use would be for 
each home under the targeted performance level with the other categories left unchanged.  The 
savings for the homes are calculated using the observed study group as the baseline.  This 
approach allows the impact of conservation features (such as 1.2 gpf toilet or 15 gpl clothes 
washers) to the evaluated when the regression model is not able to predict these results because 
so few of the data points lie within these ranges. 
 
Table 84 shows the results if we assume that the maximum allowable clothes washer volume is 
20 gallons per load, that faucet use is reduced by 10%, that leakage is limited to no more than 25 
gallons per day and that toilet flushes are limited to 1.25 gallons per flush.  If these limits are 
imposed on the data from the homes in the study group, and all other uses are left unchanged, 
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then the average indoor household water use would drop to 120 gphd, which is the target for the 
benchmark savings used for this study.  Basically, this table shows the performance standards 
that would need to be observed by the study group in order to reduce their average indoor use 
from 175 to 120 gphd.  All of the performance targets are well within the ranges of current 
technologies, and are technically achievable. 
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Table 83: Use of indoor model for predictions of conservation impacts 
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1 Model Group 2.94 166 93 6.55 2.2 70.5 29.5 5.1 70 30 1.2 64 36 0.6 9.18 175 

2 All houses meet the Toilet 
and CW Criteria 2.94 166 93 6.55 2.2 0.0 100.0 -6.7 0 100 -14.2 64 36 0.6 -18.1 148 

3 Leakage over 100 gpd 
eliminated 2.94 166 100 0.00 -12.4 0.0 100.0 -6.7 0 100 -14.2 64 36 0.7 -32.6 133 
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Table 84: Performance based conservation potentials 

Conservation estimation by appliance retrofit Mean  25th % 75th % 95th % 

Clothes washer       
Target GPL = 20.0

0 
     

  Clotheswasherloadsperday 0.9 0.5 1.3 2.2 
  CW_GPD 30.7 15.1 44.2 80.8 
  CW_Conservation_Target_gphd 17.1 9.2 24.7 40.5 
  CW_Savings_gphd 13.6 2.1 19.8 42.9 
       
Faucet       
Target Fraction= 0.90      
  Faucetevents 743.7 354.3 809.3 1788.7 
  Faucetgpd 32.9 16.4 40.3 83.2 
  Faucet_Cons_Target_gphd 29.6 14.7 36.3 74.8 
  Faucet_Savings_gphd 3.3 1.6 4.0 8.3 
       
       
Leak       
Target GPD = 25.0

0 
     

  Leakgpd 30.8 4.2 31.0 118.6 
  Leak_Conservation_Target_gphd 13.3 4.2 25.0 25.0 
  Leak_Savings_gphd 17.5 0.0 6.0 93.6 
       
       
Toilet       
Target GPF = 1.25      
  Toilet_GPF 2.7 1.9 3.5 4.8 
  FlushesPerDay 13.7 8.2 17.8 29.1 
  Toiletgpd 37.4 18.8 50.0 86.2 
  Toilet_Cons_Target_gphd 17.1 10.2 22.1 36.4 
  Toilet_Savings_gphd 20.3 6.6 29.3 56.8 
       
Total  Starting Average gphd 175.0    
  Indoor Savings gphd 54.7 19.2 67.8 159.6 
  Ending Average gphd 120.3    
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Outdoor Model 
After repeated attempts with the variables available from the data sources, an outdoor water use 
model was selected that had the best overall fit to the data and ability to predict outdoor water 
use based on empirical observations.  This model also relied on data that were reasonably 
available for planning purposes. The selected model relies on seven  predictive variables as is 
shown in Equation 9-6. 
 

Equation 9-6: Outdoor Use Model 

 
fo CSprinklerExcessPoolLRatioIncIrrAreaNetETuseOutdoor 506.0125.0682.066.14106207.1_  

 
Where:  
Outdoor_use = kgal per year of outdoor water use 
NetETo = net annual ETo in inches 
IrrArea = irrigated area in units of square feet 
Inc = household income in $1000s 
LRatio= landscape ratio = theoretical irrigation requirement/reference requirement 
Pool = 1.38 · % of homes in population with pool + % without pools 
Excess = 3.13 · % of population who are over-irrigating + % who are not 
Sprinkler = 1.21 · % of population with in-ground sprinkler systems + % without 
Cf = error correction factor to observed mean = -9.2 
 
This model shows the interactions between the variables and the outdoor water use based on the 
data obtained for the homes in the study group.   The first four variables show an exponential 
relationship with outdoor use.   In these relationships the higher the exponent the greater will be 
the response of outdoor use to changes in the variable. The last three variables are linear 
variables in which the response is directly proportional to changes in the value of the variable.  
 
The model clearly shows that ET, irrigated area, household income, landscape ratio, the presence 
of a pool, whether the customer is over-irrigating and whether or not there is an in-ground 
sprinkler system are the best predictors of outdoor use. It is interesting to note that marginal price 
of water was not a predictor, but income was. 
 
The fact that Net ETo is a good predictor of outdoor use shows that the outdoor use of the group 
was affected by weather and climate factors.  The exponent of the ET variable is greater than 1, 
which shows that outdoor use increases at an increasing rate with ET. This relationship has 
implications on the impact of climate on water use. Irrigated area impacts outdoor use, but in a 
non-linear fashion, with additional increases in area having a diminishing impact on outdoor use.  
While household income is included in the list of explanatory variables, its exponent is only 
0.125, which shows that the impact is almost linear. 
 
The landscape ratio variable captures the impacts of different plant materials, since the landscape 
ratio is the ratio of the theoretical irrigation requirement to the reference irrigation requirement.  
The theoretical irrigation requirement is based on the crop coefficients of the plants in the 
landscape relative to the irrigation requirements of a reference crop (typically cool season turf).  
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Therefore, more xeric landscapes will have lower landscape coefficients.   Although the 
exponent of this variable is not as high as the irrigated area it is much higher than the household 
income variable.  Consequently, its impact on outdoor use is intermediate of the two. 
 
Table 85 shows the workings of the outdoor model in more detail.  There is a row for each of the 
model parameters.  The second column shows the value of the coefficients for the three linear 
parameters and for the exponents for the four power parameters.  The third column shows the 
value of the parameter in the study group data, and the fourth column is for the user to insert an 
assumed value for sensitivity analyses. In this table they are the same as the study mean values.  
The fifth column shows the value for each factors based on the model coefficients and the 
assumed values in column four.  The overall outdoor use value, predicted by the observed data is 
91.3 kgal per household per year. In this table the assumed values have been set to the study 
means, so the model is predicting the same outdoor use as was observed from the data.  
 

Table 85: Outdoor use model details 

Parameter Coefficient 
or Exponent Study Mean Assumed 

Value 
Predicted 

Outdoor Use 
Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3802.000 275.318 
Net ETo (in) 1.659 42.193 42.193 496.064 
Landscape Ratio 0.506 0.960 0.960 0.980 
Excess Irrigators (%) 3.130 0.505 0.505 2.076 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
Household income ($1000) 0.125 $118.12 $118.12 1.82 
Correction -9.200   -9.200 
Observed Mean Use (kgal)    91.3 
Predicted Value (kgal)    91.3 

 
If the values for the parameters are modified without going too far from their original values the 
model will show the predicted change in outdoor water use assuming no other changes occur.  
This allows us to see how sensitive the predictions are to changes in each parameter.  Table 86 
shows how the predicted mean outdoor use for the population is expected to vary if the value for 
each parameter is either increased or decreased by 10%. 
 
If the irrigated areas of the homes were reduced by 10% the model predicts an 8% reduction in 
water use or 6.9 kgal per home. If Net ETo on the other hand, increases by 10% the 
unconstrained water demand would increase by 20% or 17.2 kgal per household.  If less turf 
intensive landscape were installed, such that the overall landscape ratio dropped by 10%, from 
0.96 to 0.86, the water demand would drop by 6% or 5.2 kgal. If the percentage of households 
that are over irrigating were dropped by 10%, from 50% to 40%, there would be a 12% reduction 
in average outdoor use, or 10.8 kgal per year. Dropping the percentage of homes with in-ground 
sprinkler systems would have an effect on water use, but a 10% reduction would only result in a 
2% reduction in average water use.  Reduction in the percent of homes with swimming pools, 
from 15% to 5% would result in a 4% reduction in average outdoor use, or 3.5 kgal per year.  A 
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drop in household income of 10% would correspond to a reduction in outdoor use by just 1%, or 
0.8 kgal.  Therefore, of the parameters listed in the table, the most effective in reducing outdoor 
use would focus on reducing irrigated areas, using more xeric plant material, and elimination of 
over-irrigation. 
 

Table 86: Sensitivity analysis for outdoor parameters 

Parameter No 
Change +10% -10% 

 Outdoor 
(kgal) 

% Change 
(kgal) 

Outdoor 
(kgal) 

% Change 
(kgal) 

Outdoor 
(kgal) 

Irrigated Area (sf) 91.3 +7% +6.8 98.1 -8% -6.9 84.4 
Net ETo (in) 91.3 +20% +17.2 108.5 -18% -16.1 75.2 
Landscape Ratio 91.3 +5% +5.0 96.3 -6% -5.2 86.1 
Excess Irrigation (%) 91.3 +12% +8.7 101 -12% -10.8 80.5 
In ground sprinklers (%) 91.3 +2% +1.9 93.2 -2% -1.8 89.5 
Swimming pool (%) 91.3 +4% +3.7 95.0 -4% -3.5 87.8 
HH Income ($1000) 91.3 1% +1.2 92.5 -1% -1.3 90.0 
  

Predictions from Outdoor Model 
Of the variables used for the outdoor model, the three most amenable to modification in order to 
reduce outdoor use are landscape type, the percent of homes that are over irrigating, and irrigated 
area. If we take the outdoor use model shown in Table 85 and change the values for these 
variables we can see that the model will predict significant savings in outdoor use.    
 
If we assume an average reduction in irrigated area of 15% from the study mean, a reduction in 
the landscape ratio of 35% (from 0.96 to 0.62), and a reduction in the percentage of customers 
who are over-irrigating from 50% to 20% then the overall average outdoor use would drop from 
91.3 to 40.5 kgal.  This represents an annual savings of over 50 kgal of water per household, 
which is significantly larger than the potential savings from indoor uses. The changes used in this 
example are just for illustrative purposes, but they seem reasonable and probably could be 
achieved over time. 
 

Table 87: Example of outdoor use with higher efficiency standards 

Parameter Coefficient Study 
Mean 

Assumed 
Value 

Predicted Outdoor 
Use 

Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3232.223 246.479 
Net Eto (in) 1.659 42.193 42.193 496.060 
Landscape Ratio 0.506 0.960 0.624 0.788 
Excess Irrigators (%) 3.130 0.505 0.200 1.426 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
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Household_income 
($1000) 0.125 $118.12 $118.125 1.82 

Correction -9.200   -9.200 
Observed Mean Use 
(kgal)    91.3 

Predicted Value (kgal)    40.5 
 

Discussion of Outdoor Model 
The outdoor model shows seven parameters that appear useful in predicting outdoor water use 
for single-family customers. Three of these: irrigated area, landscape ratio, and the percent of 
customers who are over-irrigating offer the best potential for making reliable reductions in 
outdoor use.  The remaining four factors have problems of one kind or another. There would 
likely be considerable opposition to any movement to ban in-ground sprinkler systems, and the 
predicted water savings are not great enough to make it worth the effort.  The same thing applies 
to swimming pools. Reducing household income would cause a reduction in outdoor use, but 
certainly that is not how most water agencies wish to reduce water use.  While there is a strong 
relationship between ETo and water use, until ways are found to control the weather this will not 
be a factor that can be used. 
 
The three ways that are open for reducing outdoor water use based on this modeling effort are to 
reduce the average irrigated areas on the lots, to encourage use of less water intense plant 
materials—i.e. reduce the landscape coefficients—and to find ways of preventing over-irrigation.   

Projections of Water Savings for Study Group  
The statistical analyses and models prepared to this point allow estimates to be made of potential 
water savings from the 730+ study homes analyzed in this project.  If we look at indoor use, the 
data in the predictive use model shown in Table 84 indicates that if the conservation goals 
specified in the model were possible to achieve then the potential indoor savings is 55 gphd, and 
would result in indoor use dropping from the average of 175 gphd to 120 gphd, with end uses 
limited to those shown in Table 84.  Fifty five gphd is equivalent to 20 kgal per year (26.8 ccf).  
These savings are known to be achievable theoretically, in small study groups. Whether it is 
possible to achieve them in large populations is a subject for further studies. 
 
Outdoor savings can be achieved by eliminating excess water use where it occurs.  The outdoor 
use statistics show that the average outdoor use in the 87% of the homes that are irrigating is 
92.7 kgal per year, and that the average excess use on these lots is 27.9 kgal per year. So, without 
making any drastic changes to landscaping patterns, and only eliminating excess use on the 
homes that are over-irrigating an average savings of 28 kgal per year could be achieved.  When 
extrapolated from the 87% who are irrigating to all of the study homes this comes to 24 kgal per 
year on average.  If irrigated areas were reduced, and plant materials changed then savings much 
greater than this could be achieved, as shown in Table 87.  If we assume that a modest amount of 
irrigation modifications could occur that would reduce irrigated areas and use more low water 
use plants then outdoor saving of 30 kgal per year on average seem quite reasonable.  Based on 
an indoor savings of 20 kgal per household, and an outdoor savings of 30 kgal per household 
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then the data from this study suggests an average household savings of 50 kgal per year is 
feasible.   
 
A key thing to keep in mind is that the distribution of water savings potential are skewed, 
because that is the pattern with water use and excess use in particular.  The savings are not going 
to be found uniformly across the population, but are going to be concentrated in a small number 
of homes.   This has important implications for designing programs to actually capture the 
projected savings. 
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CHAPTER 10 – STATEWIDE IMPLICATIONS 
 

Overview: Sources of Potable Water 
California is reaching the limits of its water supply for both urban and industrial use. As a result, 
there is growing interest in identifying the potential to put existing water resources to more 
effective use. This section provides some historical background to the state‘s sources of potable 
water and produces estimates of the potential to put those sources to better use through increases 
in efficiency in single-family homes, using the data collected for the California Single-Family 
Home Water Efficiency Study. 
 
Water development in California has followed similar patterns observed elsewhere in the United 
States, gradually shifting away from reliance on local supplies to increased dependence on water 
imported from other watersheds as local consumption exceeded the volumes provided by local 
precipitation. As the extent and character of European and Spanish settlements changed, water 
management shifted from indigenous stewardship to the development of bigger and more 
sophisticated systems for storing and moving water. Today, the state is dependent on a complex 
set of dams, aqueducts, irrigation canals, treatment plants, and pipelines spread out and 
traversing many hundreds of miles.  
 
Californians have reaped extraordinary benefits from our manipulation of the waterscape—clean, 
safe water is delivered to millions of homes 24 hours a day at what most consider a reasonable 
cost, and irrigation has made the state the fifth largest producer of food crops in the world. 
However, this development has also come at a high cost to the natural environment. Former park 
ranger and author David Carle has chronicled California‘s water development, and notes that 
California has lost more species to extinction than any other state, and that most of these can be 
attributed to human changes to our watercourses and habitat loss. 
 
Nearly every commentator on California water has pointed out the mismatch between where the 
water is and where the people are.  Statewide rainfall distributions are shown in Figure 72, and 
population densities are shown in Figure 73.  The sparsely-populated north receives up to ten feet 
of rainfall in an average year, while Southern California, home to over 25 million people, 
receives less than 15 inches (in some places substantially less than 15 inches), enough to qualify 
as desert by some definitions. This has led one expert to note that ―the most interesting statistic 
about California is that 75% of the annual precipitation falls north of Sacramento, the capital city 
in the center of the state, while more than 75% of the demand for the state‘s water is south of the 
capital city‖ (Dickinson undated).  
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Figure 72: Rainfall intensity in California55 

  
Figure 73: Population intensities56 

                                                 
55 DWR 2003 http://www.waterplan.water.ca.gov/docs/portfolio/faf_data/precip/precip_61-90.jpg  
56 Image courtesy of the Wikimedia Commons http://en.wikipedia.org/wiki/File:California_population_map.png  
 

Mean annual precipitation 1961 to 1990 

http://www.waterplan.water.ca.gov/docs/portfolio/faf_data/precip/precip_61-90.jpg
http://en.wikipedia.org/wiki/File:California_population_map.png
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In the last century, Californians have embarked on a series of ambitious projects that have altered 
the landscape and waterscape of the state. These projects were built and are managed by a 
variety of private businesses, local water providers, regional agencies, and the state and federal 
government. 
 
The city of Los Angeles pioneered large water transfers by financing the Owens River aqueduct, 
built by LA‘s chief engineer William Mulholland from 1905 to 1913. By all accounts, this was a 
remarkable undertaking. Not only was the cost unprecedented, there were engineering and 
political challenges to be overcome; by expropriating water from the Owens Valley, the pipeline 
stirred a controversy that lives on in various forms to this day and has been chronicled in various 
popular books and films. 
 
In 1923, San Francisco completed its own major water delivery system, the Hetch Hetchy project 
-, which dammed the Tuolumne River inside the borders of Yosemite National Park. This project 
continues to serve San Francisco and other Bay Area cities. 
 
The major city of Oakland and other East Bay communities banded together to dam another 
Sierra Nevada River, the Mokolumne, and build an aqueduct to the East Bay in 1929. In the dry 
Colorado Desert, renamed the Imperial Valley in a fit of local boosterism, a handful of farmers 
began to tap water from the Colorado River around 1922, and greatly expanded irrigation with 
the construction of the Hoover Dam, completed in 1936, and related transfer facilities in the 
region. 
 
California voters narrowly approved bond financing for the State Water Project in a 1960 
referendum, creating what was at the time the world‘s largest inter-basin water transfer for both 
urban and agricultural use. This included a wide range of physical infrastructure and 
management systems, including the Oroville Dam, San Luis Reservoir, and the California 
Aqueduct, which provide water to Central Valley farms and communities, managed by the 
California Department of Water Resources and local agencies. 
 
A project of even greater scope, the Central Valley Project, was also constructed beginning in the 
1960s by the federal government through the United States Bureau of Reclamation. Like the 
State Water Project, this project also supplies both irrigation and municipal water, produces 
hydropower, and provides flood control and recreation on its many large reservoirs. In total, it 
consists of 20 dams and reservoirs, 11 hydroelectric power plants, and around 500 miles of 
canals. 
 
All told, around 1,200 reservoirs have been built in the state with a total storage capacity of over 
14.4 million acre-feet. For the most part, California relies on water resources from within its 
borders, with the important exception of the Colorado River. 
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Figure 74: California‘s major water facilities57  
 
 
 

                                                 
57 From the 2005 Water Plan, figure 302 on page 3-3 
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Future Concerns 
 
As the state‘s population and economy continue to grow, California is increasingly running up 
against peak water constraints in both renewable and non-renewable water systems.58  While 
most of the state‘s population is clustered around the coastal cities of San Francisco, Los 
Angeles, and San Diego, much of the future growth is expected to occur in hotter, dryer inland 
areas. This raises concerns about future water use. Consider the Los Angeles basin averages 15 
inches of rain per year. According to one estimate, local water resources could support a 
population of about 150,000, leading to the construction of the complex water-delivery systems 
and infrastructure described above.59 Today, the basin is home to some 25 million residents, and 
demographers predict that it may grow by several million more by mid-century. A report by the 
Public Policy Institute of California points out that the trend is for larger homes on larger lots in 
the Central Valley and Inland Empire.60 A corresponding increase in landscaped area could result 
in increased outdoor water use, which this study reveals comprises more than half of the water 
used by most households. Some studies, such as traditional assessments prepared by the 
California Department of Water Resources, project that significant increases in demand are 
likely in the future. 
 
A major part of the debate about water in California is how to meet this projected increase in 
demand. It has become increasingly unlikely that there are any major new sources of supply. It is 
getting more difficult to build new dams for a wide range of economic, ecological, physical, 
political, and social reasons. California has made only modest additions to reservoir capacity in 
the past few decades because of these constraints. Further, the majority of California‘s dams 
were built during a different era, before the passage of the 1960s and 1970s landmark 
environmental laws such as the Environmental Protection Act, the Clean Water Act, and the 
Endangered Species Act. It is often said that existing projects would be much more difficult to 
build today because of the environmental protections in place. In addition, in much of the state, 
groundwater withdrawals already exceed renewable supplies, putting constraints on finding new 
sources of groundwater to meet projected increases in demand. 
 
Given these constraints on new supplies, considerable attention is now focusing on alternative 
sources for urban use such as desalination, recycled treated wastewater, conjunctive use, and 
especially, improvements in water use efficiency.61 
 

                                                 
58 Gleick, Peter and Meena Palanipappan, ―Peak Water Limits to Freshwater Management and Use.‖ In press, 

Proceedings of the National Academy of Sciences (PNAS). 
59 Carle, David. "Introduction to Water in California", University of California Press (2004) 
60 Hanak, Ellen and Matthew Davis (2008), Lawns and Water Use in California. Public Policy Institute of 

California. 24 pages. http://www.ppic.org/main/publication.asp?i=691 
61 Gleick, P.G. et al. (2003) Waste Not, Want Not: The Potential for Urban Water Conservation in  
    California. Pacific Institute, Oakland, California.  

http://www.ppic.org/main/publication.asp?i=691
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Water Use in California 
Single family water use makes up the subject of this research effort.  Generally, single-family 
water use makes up the largest proportion of treated water deliveries.  Also, being relatively 
homogenous it is easier to model and make predictions concerning conservation potential. 

Total Water Use (urban, agricultural, power plants, other) 
Human use of water varies from year to year, largely dependent on weather and the amount of 
water that state and federal agencies are able to deliver to irrigators. In a year of average rainfall, 
water use in California averages 43 million acre-feet (MAF) per year. That is equivalent to about 
1,000 gallons per person per day (gpd), which implies a statewide population of 38.4 million 
persons. (Note that in this estimate of water use we do not include ―environmental water‖ that is 
included in tallies of water use by the state‘s Department of Water Resources. Environmental 
water includes instream flows, flow in designated ―wild and scenic‖ rivers, outflow from the 
Delta to San Francisco Bay required by law, and managed wetlands water use.)  
 
DWR reports that during 1998, a wet year with 171% of the average rainfall, water use was 
around 35 MAF, 20% less than during a normal year. During 2001, a dry year with 72% of the 
average rainfall, total water use was about 43 MAF, similar to an average year. During dry years, 
irrigators can often make up for lower water deliveries through the use of groundwater; 
significant water use reductions are often not observed until a few years into a prolonged 
drought. 
 
Water use in California‘s suburbs and cities, referred to as ―urban water use,‖ averages 8.7 
million acre-feet, according to the 2009 California Water Plan, published by the Department of 
Water Resources.  That is equivalent to about 200 gallons per day for every California resident. 
(This is a reasonable first estimate as 98% of California‘s 38 million people live in urban areas.) 
 
Trends in urban water use and population are shown in Figure 75. The data for this graph comes 
from a table compiled by DWR staff and supplemented by the authors using information from 
data obtained from DWR staff. In their words: 
 
The data in the following table has been accumulated from older versions of Bulletin 160 (1972-
1985), Annual Reports prepared by District Staff (1989-1995) and the Water Portfolio from 
California Water Plan Update 2004 (1998-2001). There is no single database location that 
accumulates water use and supply information for the entire State. 
 
Figure 75 shows California‘s population and urban water use from 1972 to the present (solid 
lines) along with projections to the year 2050 (dashed lines). Note that the final year in which 
reliable water use data were available was 2005. Population projections are estimates from 
California‘s Department of Finance. Water use projections are based on successfully reaching a 
20% per-capita reduction in water use (through efficiency improvements) by the year 2020. 
Under this scenario, urban water use declines over the next 10 years. After 2020, per-capita 
water use is held steady, and population growth causes an increase in urban water use over the 
next three decades.    
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Figure 75: Population and urban water use versus time 

 
Urban water use has increased roughly in proportion to population over the last four decades, 
with some fluctuation. A marked decrease is seen in the early 1990s, as water use was curtailed 
due to drought restrictions. Urban water use reaches a peak in 2004 of 10.1 MAF, before 
declining somewhat to 9 MAF in 2005, the last year for which DWR has published data. 
Droughts can have two opposing effects on urban water use. Dry conditions lead to increased 
demand for landscape irrigation. The state Legislative Analyst‘s Office notes that during dry 
years, urban use can actually increase by up to 10%, due to increased water use for 
landscaping.62  Prolonged drought, however, can lead state and local authorities to call for 
voluntary cutbacks and other conservation measures, decreasing consumption.  
 
The state appears to now be emerging from the drought of 2006-2009. During this time, water 
suppliers launched a number of efforts to reduce demand, from mandatory prohibitions on 
certain outdoor uses of water, increased rates, appliance rebates, and giveaways of efficient 
fixtures. Although DWR has not yet published data for water use after 2005, there is evidence 
from several areas that per-capita consumption did indeed decrease in response to efforts by 
water suppliers. In Long Beach, for example, per-capita consumption was the lowest since the 
city began keeping records.63 A number of water suppliers have been forced to raise rates after 
their customers‘ cutbacks led to less revenue. For example, the Metropolitan Water District, 
Southern California's biggest water wholesaler has seen sales drop off 20 percent over the last 

                                                 
62 California Legislative Analyst‘s Office (2008). California‘s Water: An LAO Primer. Sacramento, 77 pages. 

http://www.lao.ca.gov/laoapp/PubDetails.aspx?id=1889 
63 Veeh, M. (2010). ―Long Beach Sets Another Water Conservation Record‖. Press release from the Long Beach 

City News Department, May 4, 2010 
http://www.longbeach.gov/news/displaynews.asp?NewsID=4561&TargetID=55 

 

http://www.lao.ca.gov/laoapp/PubDetails.aspx?id=1889
http://www.longbeach.gov/news/displaynews.asp?NewsID=4561&TargetID=55
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three years, causing them to raise rates by 12.4 percent. Similar situations have been reported 
throughout the state.64 
 
The US Geological Survey also estimates water use for the United States. The following figures 
are estimates of water use by type in 2005, as reported in Kenny et al.65 Note that this table only 
includes freshwater use. Large quantities of saltwater are used to cool thermoelectric power 
plants, and smaller quantities are use in industry and mining. 
 
 
Table 88: Freshwater use in California in 2005 (USGS) 
Category Million 

Gallons 
Per Day 
(MGD) 

Million 
Acre-

feet Per 
Year 

(MAFY) 

Gallons 
Per Capita 
Per Day  
(gpcd) 

Percent of 
Total 

Irrigation 24,400 27.3 765 74% 
Public Supply 6,990 7.8 219 21% 
Domestic 486 0.54 15.2 1.5% 
Aquaculture 646 0.72 20.2 2.0% 
Livestock 197 0.22 6.17 0.6% 
Industrial 72.2 0.081 2.26 0.22% 
Mining 53.1 0.060 1.66 0.16% 
Thermoelectric power 49.6 0.056 1.55 0.15% 
Total 32,900 36.9 1,030 100% 
 
According to the USGS figures, water supply and domestic water use accounted for 8.3 million 
acre-feet per year in 2005. This is the same as 234 gallons per capita per day. These figures are 
roughly equal to DWR‘s estimate for 2005 (9.3 MAF).  Figure 76 shows the breakdown of water 
use by category in 2005.  Agriculture and public supply (urban use) make up 96% of all use in 
the state. 
 

                                                 
64 Fikes, B.F. (2010), ―Water: Conservation, recession cause wave of rate hikes‖ North Country  
Times, April 10, 2010. http://www.nctimes.com/business/article_7e6c6830-61e5-5d0b-8bf0-27212cdafdc7.html  
65 Kenny, J.F., Barber, N.L., Hutson, S.S., Linsey, K.S., Lovelace, J.K., and Maupin, M.A., 2009, Estimated use of 

water in the United States in 2005: U.S. Geological Survey Circular 1344, 52 p. 
http://pubs.usgs.gov/circ/1344/ 

 

http://www.nctimes.com/business/article_7e6c6830-61e5-5d0b-8bf0-27212cdafdc7.html
http://pubs.usgs.gov/circ/1344/
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Figure 76: California water use by category in 2005  

 
 

Urban Water Use 
 
Across California, about 57% of single-family residential household use, or 2.5 million acre-feet 
(MAF) is indoors (Table 10-2). The remaining 43%, or 1.9 MAF, is applied to lawns, gardens, 
pools, and other outdoor uses. The statewide estimate, however, obscures significant regional 
variability. 
 
Table 89 gives a breakdown of uses of water in California‘s urban sector. The information in the 
table was assembled by the authors from DWR‘s 2005 Water Plan supplemented by data 
provided by DWR staff. Based on this information, for single-family residences, outdoor water 
use exceeds that used indoors (3.3 versus 2.3 MAF). This is consistent with previous studies, 
including the 1999 national Residential End Uses of Water Study (REUWS), which reported 
outdoor water use was 58% of the total (averaging 232 outdoors gpd vs. 168 gpd indoors). The 
study went on to note that outdoor use was much greater in hot climates (59 – 67 percent in 
Phoenix, Tempe, and Scottsdale) and lower in cooler climates (22 – 38 percent in Seattle, 
Tampa, and Waterloo.) A similar pattern is seen in California‘s inland (and southern) regions 
compared with the cooler coastal (and northern) regions.  
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Table 89: Estimated urban water use (2000) 

  Outdoor 
(MAF) 

Indoor 
(MAF) 

Total 
(MAF) 

% of 
Total 

Single-Family Residences 1.90 2.50 4.4 52% 
Multi-Family Residences 0.36 0.8 1.2 14% 
Commercial, Industrial, 
Institutional 0.63 1.6 2.2 

 
  26% 

Large Landscapes 0.68 - 0.68 8% 
Total Urban Use 3.60 4.9 8.5 100% 

 
Based on data in DWR‘s Water Plan Update 2005 and personal communication with DWR staff. 
 
Figure 77 shows the breakdown of urban water use graphically.  These data show that two thirds 
of urban water use was for residential customers, and single-family customers accounted for over 
half of urban demands.  Single family demands represented approximately 80% of all residential 
demands. 
 

Single Family
52%

Multi Family
14%

CII
26%

Irrigation
8%

 
Figure 77: California urban water use by customer category 

The state‘s 20x20 planning document presents per-capita urban water use by hydrologic region. 
The state‘s 10 hydrologic regions are planning boundaries developed to manage watersheds and 
water supply. In the map in 
Figure 78, county boundaries are shown by light gray lines. Note that hydrologic region 
boundaries do not overlap with political divisions; some counties lie in two or three different 
hydrologic regions. 
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Figure 78: Per capita urban water use from DWR by hydrologic region (left) and the USGS by 
county (right) (gpd) 
 

Table 90: Per capita urban water use by county from the USGS (gallons per day) 

County GPCD  County GPCD 
Alameda 53  Orange 72 
Alpine 78  Placer 138 
Amador 128  Plumas 181 
Butte 211  Riverside 192 
Calaveras 278  Sacramento 101 
Colusa 187  San Benito 160 
Contra 
Costa 139  

San 
Bernardino 141 

Del Norte 100  San Diego 87 
El Dorado 216  San Francisco 47 
Fresno 228  San Joaquin 175 

Glenn 299  
San Luis 
Obispo 147 

Humboldt 114  San Mateo 102 
Imperial 156  Santa Barbara 112 
Inyo 474  Santa Clara 80 
Kern 173  Santa Cruz 126 
Kings 168  Shasta 240 
Lake 120  Sierra 635 
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Lassen 310  Siskiyou 216 
Los Angeles 113  Solano 95 
Madera 205  Sonoma 135 
Marin 82  Stanislaus 251 
Mariposa 350  Sutter 224 
Mendocino 214  Tehama 431 
Merced 221  Trinity 192 
Modoc 295  Tulare 221 
Mono 268  Tuolumne 321 
Monterey 103  Ventura 113 
Napa 92  Yolo 193 
Nevada 306  Yuba 191 

 
 
The USGS also provides estimates of water use by county for the United States (Figure 78) .66 
Per-capita urban water use was obtained by dividing the quantity Domestic, total use 
(withdrawals + deliveries) by the total population of the county. Domestic use is the sum of self-
supplied withdrawals (for example, from a well, spring, or river) and deliveries from public 
supply.  
 
The values from DWR and USGS are not directly comparable, as they are compiled for different 
geographic boundaries, but the general patterns appear the same, and values are similar. The 
USGS‘s per-capita water use for the state as a whole is 124 gpcd, which fits comfortably within 
the ranges reported by DWR. 
 
The most reliable estimates of water use come from individual water utilities, as these are based 
on actual billing data. The following table reports per-capita total water use for selected water 
agencies in 2006. This information was developed by DWR staff using data from the Public 
Water Supply System database (From the California Water Plan Update 2009, page 4-46). These 
figures again demonstrate the variability of urban water use in the state. Low consumption in San 
Francisco is usually attributed to the city‘s density, minimal landscape irrigation, and cool 
coastal climate. Fresno, by contrast, averages only 11 inches of rain per year and has hot, dry 
summers. Furthermore, 55 percent of residents are not metered, and pay a flat rate regardless of 
how much water they use.67 
 

Table 91 Water use by selected agency service area for 2006 (gallons per capita per day) 

City GPCD 
San Francisco 95 
Santa Barbara 127 
Marin County (MMWD) 136 
                                                 
66 U.S. Geological Survey. 2005.  Circular 1344, Estimated use of water in the United States in 2005. Reston, 

Virginia. 
67 Khoka, S. (2009). ―Without Meters, Fresno Water Beyond Measure‖ May 26, 2009. National Public Radio. 

http://www.npr.org/templates/story/story.php?storyId=104466681  
 

http://www.npr.org/templates/story/story.php?storyId=104466681
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Los Angeles (LADWP) 142 
Contra Costa (CCWD) 157 
San Diego  157 
East Bay (EBMUD) 166 
Victorville (VVCWD) 246 
Bakersfield 279 
Sacramento 279 
San Bernardino 296 
Fresno 354 

Single-Family Residential 
There are a number of methods that can be used to estimate and evaluate single-family home 
water use. The most direct way to estimate single-family water use in the state is by using data 
from the 2009 updated State Water Plan.  Table 92 shows per capita demands and population 
data for each of the hydrological regions of the state (minus the North Lahontan, for which there 
are no data). The population and per capita residential use data were used to calculate the total 
residential water demand for each region.  The total residential demand came to 5.45 MAF, and 
based on 80% of this demand coming from single-family accounts, the single-family residential 
demand came to 4.4 MAF.  
 
It is interesting to note that the estimate of single-family use made from treatment plant 
production records is approximately 12% higher than the estimate derived from the study group, 
which was based on billing data.  Using billing data, which averaged 134 kgal per account per 
year equates to a projection of 3.9 MAF for the single-family customers‘ use as measured at their 
water meters.   Use of water treatment production records and population data result in an 
estimate of 4.4 MAF.   
 

Table 92: Estimated single-family residential demand 

Hydrological Region Population Per capita 
Residentia
l  Demand 

Total Residential 
Demand 

 (million) (gpcd) MG/YR MAF 
North Coast 0.7 115 29,383 0.090 
Sacramento River 2.9 174 184,179 0.565 
San Francisco 6.3 103 236,849 0.727 
San Joaquin River 2.0 159 116,070 0.356 
Central Coast 1.5 109 59,678 0.183 
Tulare 2.0 180 131,400 0.403 
South Lahontan 0.8 176 51,392 0.158 
South Coast 19.6 126 901,404 2.767 
Colorado River 0.7 255 65,153 0.200 
Total 36.5   5.451 
Est. % SF    80% 
SF Res. Demand    4.4 
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For this assessment, we applied the regression equation developed in this study to predict indoor 
water use as a function of the number of household residents, as described in Chapter 9. We 
estimated the number of households in each of California‘s hydrologic regions, using Census 
Bureau‘s American Community Survey data on housing characteristics aggregated by county 
subdivision.    
 
Because the census groups all households with five or more residents into a single category, we 
used a power-law distribution to estimate the number of households with five or more residents. 
The shape of the tail distribution was estimated using this study‘s survey results as shown in 
Figure 79(a). Out of 499 completed surveys, 26 homes had six or more residents, with a 
maximum size of 17 residents.  
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Figure 79 (a) Comparison of household size in state with the study sample and (b) the estimated 
household size distribution in Hydrologic Region 4 (South Coast). 
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The Department of Water Resources Statewide Water Planning Branch estimates water use by 
end use type, and reports this information in the Water Plan Update every five years.  Estimates 
of per-capita urban water use circa 2000 are reported in Table 93 below. 
 
It is notoriously difficult to estimate urban outdoor water use because of the lack of measured 
data. Water agencies sometimes use dual meters to measure indoor and outdoor consumption for 
large commercial accounts, but these are rarely used for residential customers. Most estimates 
are determined analytically, through the use of simple models. The first class of model is based 
on theoretical irrigation requirement and assumptions about typical landscapes. The second starts 
with measurements of total water use, and subtracts assumed indoor water use. This approach is 
based on the assumption that indoor water use is better understood, and more reliably predicted, 
than outdoor water use. 
 
DWR‘s analysis conducted for the 2005 California Water Plan reports outdoor water use as 3.6 
MAFY for all urban uses for the year 2000 (Table 89). Water use is not reported for different 
housing types. The Pacific Institute has previously estimated year-2000 residential outdoor water 
use at 1.45 ± 0.45 MAFY. This is equivalent to between 70 and 150 gallons per household per 
day.68 DWR estimates that the water used in large landscapes in the year 2000 was 0.68 MAF. 
This represents about 19% of urban outdoor water use, or about 8% of urban water use. As noted 
in the California 20x2020 assessment, ―retail water suppliers in California have reported per 
capita water use remaining steady or dropping since the early 1990s in many parts of 
California‖.69 

Table 93 Per-capita water use for California‘s 10 hydrologic regions  
Region Residential 

(Single- 
and Multi- 

Family) 

Per 
House-

hold 

Commercial 
and 

Institutional 

Industrial Un-
Reported 

Water 

Total 
Baseline 

1 North Coast 115 (290) 18 8 24 165 
2 San Francisco Bay 103 (278) 19 17 18 157 
3 Central Coast 109 (311) 17 8 20 154 
4 South Coast 126 (378) 23 9 22 180 
5 Sacramento River 174 (456) 25 21 33 253 
6 San Joaquin River 159 (474) 27 32 30 248 
7 Tulare Lake 180 (565) 23 43 39 285 
8* North Lahontan 155 (394)    243 
9 South Lahontan 176 (509) 19 11 31 237 
10 Colorado River 255 (711) 38 3 50 346 
* Region 8 (North Lahontan) does not have enough usable data in the Public Water Systems Survey (PWSS) database to compute 
for baseline values by sector. We use an average of the water use in other regions as a surrogate. 

                                                 
68 Gleick, P.G. et al. (2003) Waste Not, Want Not: The Potential for Urban Water Conservation in  
    California. Pacific Institute, Oakland, California.  
69 State Water Resources Control Board (2010), Final 20x2020 Water Conservation Plan, February 2010. 

Sacramento, CA, 60 pages. http://www.swrcb.ca.gov/water_issues/hot_topics/20x2020/index.shtml  
 

http://www.swrcb.ca.gov/water_issues/hot_topics/20x2020/index.shtml
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Regulatory Issues Facing California 
The state‘s 2009 Water Plan Update lists a number of challenges to water managers in the state. 
Environmental factors, population growth, and challenges such as climate change are among the 
most likely to affect the quantity of water that will be available in the future. Protecting and 
restoring the environment has become an important societal value in the last few decades, and 
the authors conclude that changes to water management will be necessary: ―California has lost 
more than 90 percent of the wetlands and riparian forests that existed before the gold rush. 
Successful restoration of aquatic, riparian, and floodplain species and communities ordinarily 
depends upon at least partial restoration of physical processes that are driven by water.‖70  
 
There is also extensive and growing evidence that climate change will have a significant impact 
on hydrology and water management. There are likely to be impacts on the supply of, and 
demand for water. On the supply side, climatologists expect changes to the timing and frequency 
of streamflow, less snowfall, and more rain. Higher temperatures may increase demand for 
irrigation water, as evaporation increases, depleting soil moisture.71 
 
In the following sections, we describe some recent regulatory actions that affect water 
management and urban water supply in California. 

Bay-Delta Agreement and MOU 
Much of California‘s water supply passes through the Sacramento-San Joaquin River Delta, 
known by many simply as the Delta. Fishermen and environmentalists have been concerned over 
declines in fish populations in the Delta, and pointed to freshwater diversions and exports from 
the Delta as a cause of their decline. There are a number of species of concern (considered 
threatened or endangered), but the most publicity has revolved around a small, once-abundant 
forage fish called the Delta Smelt, which is listed as endangered by the State of California and 
considered an important indicator of the health of the system. Similarly, water agencies and 
irrigation districts are concerned about the reliability of water deliveries through the Delta and 
about declining water quality. Among the unresolved issues around the Delta is the effect of the 
California Department of Water Resources (DWR) and the United States Bureau of 
Reclamation‘s (Reclamation) joint operations of the State Water Project and Central Valley 
Project on the delta fisheries. 
 
A seminal document in California water resources is the Bay-Delta Agreement.  The original 
Bay Delta proceedings were held in the late 1980s -and required that exports from the Bay/Delta 
system be managed and reduced by water conservation in order to avoid damaging the Bay-Delta 
ecosystem.  In order accomplish a reduction in demands from urban water systems a document 
known as the Memorandum of Understanding (MOU) was signed.  The signatories included 

                                                 
70California Department of Water Resources. 2009. The California Water Plan – Bulletin 160-09. Sacramento 

California.  
http://www.waterplan.water.ca.gov/docs/cwpu2009/0310final/v2c22_ecorestoration_cwp2009.pdf 

71 Kiparsky, M. and P. H. Gleick. 2003. Climate Change and California Water Resources: A Survey and Summary 
of the Literature. California Energy Commission Report 500-04-073. Sacramento, California. 

 

http://www.waterplan.water.ca.gov/docs/cwpu2005/vol4/vol4-globalclimate-climatechangeandcaliforniawater.pdf
http://www.waterplan.water.ca.gov/docs/cwpu2005/vol4/vol4-globalclimate-climatechangeandcaliforniawater.pdf
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urban water providers, public advocacy organizations, and other interested groups.  A dedicated 
group, the California Urban Water Conservation Council (CUWCC), was formed from the 
signatories to the MOU and charged with monitoring its implementation. Together, the Bay-
Delta agreement and the Memorandum of Understanding form the prime driving force for urban 
water conservation in California. 
 
The original MOU was adopted in December1991.  It has been revised several times since then; 
most recently in June 2010.72  The MOU is an agreement between the State and the major urban 
water providers that the latter will make good faith efforts to implement water conservation 
measures in order to conserve water and reduce urban demands on the Bay-Delta.  The MOU 
requires regular reporting by the signatories of their progress in implementation of the BMPs.  
Reporting and tracking of the implementation of the MOU is managed by the California Urban 
Water Conservation Council. 
 
The general goal of the MOU was ―to reduce long term urban (water) demands.‖  The initial 
method used to accomplish this purpose was the implementation of Best Management Practices 
(BMPs) The MOU had two specific objectives: 

 ―to expedite implementation of reasonable water conservation measures in urban areas.‖ 
 ―to establish assumptions for use in calculating estimates of reliable future water conservation 

savings resulting from proven and reasonable conservation measures.‖ 
 
At the maximum there were a total of 14 BMPs, four of which were directed at residential 
customers (1, 2, 6 and 14 using the original numbering system).  Each of these had a built in set 
of assumptions about how much water would be saved through implementation.  For example, 
each toilet replacement was deemed to create a certain and reliable amount of water savings, as 
was each showerhead, faucet aerator, landscape audit, clothes washer replacement etc.  The 
reliable water savings could then be calculated by simply multiplying the number of BMPs 
implemented by the water savings assumption.  The assumptions of water savings were to be 
revised every three years, and BMPs that fail to demonstrate water savings are to be removed, 
while other promising measures might be added. 
 
The BMPs also have coverage requirements. Some of these are based on achieving a certain 
level of ―market saturation‖ or ―market penetration.‖  The MOU does not define precisely what 
is meant by these terms, though generally they are considered to refer to the percentage of 
individual fixtures and appliances meeting the relevant efficiency criteria.  As discussed above, 
in cases where multiple devices are found in households, primarily with respect to toilets, it is 
possible to have a difference between the percentage of devices that meet the efficiency criteria 
and the percentage of houses based on how the devices are mixed among the houses.  
 
As of this writing, 190 of California‘s water agencies have signed the MOU, serving two-thirds 
of the state‘s customers. Still, there remains considerable uncertainty on the effectiveness of the 
BMP approach. According to an evaluation conducted by the state, ―the impact of the MOU has 
varied considerably by region and rates of compliance for most BMPs remain low. BMP data 
strongly suggest the MOU process is not working as intended and its impact on urban water use 
remains well below its full potential.‖ The report suggests that over 13 years the MOU process 
                                                 
72  http://www.cuwcc.org/WorkArea/showcontent.aspx?id=15180 (to download the latest version of the MOU). 

http://www.cuwcc.org/WorkArea/showcontent.aspx?id=15180
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may have reduced per-capita urban water use by about 2%. As the state‘s population grew over 
this period, urban water use increased overall. 

 
 

 
Figure 80: Water savings in 2004 achieved by water conservation BMPs, by region.73  
 
According to the voluntary agreement, signatories agree to implement all measures that are 
―cost-effective and appropriate at the local level.‖ The state‘s audit of the BMP program found 
that most water agencies, including most of the largest water suppliers, have not implemented all 
of the conservation practices, nor have they offered the requisite documentation explaining why 
they need not.74 
 
A more recent law, AB 1420, signed in 2007, ties receipt of water-related state grant funding to 
BMP implementation. In effect, participation in the program will remain voluntary, but this may 
provide a stronger incentive for agencies to be fully compliant. 
 

                                                 
73 California Bay-Delta Authority (2006), Water Use Efficiency Comprehensive Evaluation. Sacramento. 

http://calwater.ca.gov/content/Documents/library/WUE/2006_WUE_Public_Final.pdf 
 
74 Ibid. 

http://calwater.ca.gov/content/Documents/library/WUE/2006_WUE_Public_Final.pdf
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Table 94: List of Best Management Practices 

BMP Description New BMP Category 

BMP 1 Water survey programs  
(Survey 15% of residential customers within 10 
years)  
 

Programmatic: Residential 

BMP 2 Residential plumbing retrofit  
(Achieve 75% market saturation prior to 1992 
with low-flow showerheads, toilet displacement 
devices, toilet flappers and aerators)  
 

Programmatic: Residential 

BMP 3 System water audits, ―leak‖ detection and repair  
(Audit the water distribution system regularly 
and repair any identified leaks)  

Foundations: Utility operations, loss 
control 

BMP 4 Metering with commodity rates for all new 
connections and retrofit of existing unmetered 
connections 

Foundational: Utility operations, 
metering 

BMP 5 Large landscape conservation programs and 
incentives  
(Install meters in 100% of existing unmetered 
accounts within 10 years; bill by volume of 
water use; assess feasibility of installing 
dedicated landscape meters)  

Programmatic: Landscape 

BMP 6 High-efficiency clothes washing machine 
financial incentive program  
(Achieve 1.4% per year penetration during first 
10 years)  

Programmatic: Residential 

BMP 7 Public information programs  
(Provide active public information programs in 
water agencies to promote and educate 
customers about water conservation)  

Foundational: Education, Public 
Information Programs 

BMP 8 School education programs  
(Provide active school education programs to 
educate students about water conservation and 
efficient water uses)  

Foundational: Education, School 
Programs 

BMP 9 Conservation programs for commercial, 
industrial, and institutional (CII) accounts 
(Provide a water survey of 10% of these 
customers within 10 years and identify 
retrofitting options; reduce water use by an 
amount equal to 10% of the baseline use within 
10 years)  
 

Programmatic: Commercial, 
Industrial, Institutional 
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BMP Description New BMP Category 

BMP 10 Wholesale agency assistance programs  
(Provide financial incentives to water agencies 
and cities to encourage implementation of water 
conservation programs)  
 

Foundational: Utility Operations, 
Operations 

BMP 11 Retail conservation pricing  
(Eliminate non-conserving pricing policies and 
adopt pricing structure such as uniform rates or 
inclining block rates, incentives to customers to 
reduce average or peak use, and surcharges to 
encourage conservation)  

Foundational: Utility Operations, 
Pricing 

BMP 12 Conservation Coordinator 
(Designate a water agency staff member to have 
the responsibility to manage the water 
conservation programs)  

Foundational: Utility Operations, 
Operations 

BMP 13 Water waste prevention  
(Adopt water waste ordinances to prohibit gutter 
flooding, single-pass cooling systems in new 
connections, non-recirculating systems in all new 
car wash and commercial laundry systems, and 
non-recycling decorative water fountains)  

Foundational: Utility Operations, 
Operations 

BMP 14 Residential ultra-low-flush toilet (ULFT) 
replacement programs  
(Replace older toilets for residential customers at 
a rate equal to that of an ordinance requiring 
retrofit upon resale)  
 

Programmatic: Residential 

 
 
In its original form, the MOU relied strictly on demonstration of accomplishment of specific 
BMPs as sufficient to demonstrate the required water conservation.  The latest revision of the 
Memorandum of Understanding, dated September 2009, discusses three ways in which 
signatories may demonstrate compliance with BMP water savings from the BMP list.   

 The first of these is to demonstrate accomplishment of the specific measurers listed in the 
description of each BMP|. (The assumption being if the measures are installed, the water 
savings will follow based on the estimates of reliable savings.) 

 The second is to use the Flex Track option to generate water savings that are equal to 
those anticipated from the BMP compliance, but which are derived from other measures 
not already identified as specific BMPs. 

 The third is to demonstrate reductions in per-capita water demand in the signatory‘s 
water system without specifically crediting a particular BMP or group of BMPs with 
causing the savings. 
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20x2020 Mandate and SBX 7-7 
In February 2008, then-Governor Arnold Schwarzenegger issued an emergency directive to 
protect the ecosystem of the Sacramento-San Joaquin river delta. The plan had seven parts, the 
first of which is water conservation. The governor said that the state must have: 
 
―A plan to achieve a 20 percent reduction in per capita water use statewide by 2020. 
Conservation is one of the key ways to provide water for Californians and protect and improve 
the Delta ecosystem. A number of efforts are already underway to expand conservation 
programs, but I plan to direct state agencies to develop this more aggressive plan and implement 
it to the extent permitted by current law. I would welcome legislation to incorporate this goal 
into statute.‖ 
 
The legislature followed up in November 2009 with a bill (SBX 7-7) promoting statewide water 
conservation for all sectors of use, including a mandate for a 20% reduction in urban per capita 
use by 2020. In February 2010, the 20x2020 Water Conservation Plan was published, with input 
by a number of state agencies. The plan recommends a number of policies and actions to reduce 
urban water consumption, including: 
 
Reduce landscape irrigation demand 
Reduce water waste 
Reinforce efficiency codes and related BMPs 
Provide financial incentives 
Implement a statewide public information and outreach campaign 
Increase enforcement against water waste 
Increase use of recycled water and non-traditional sources of water 
 
Most commentators have noted two serious shortcomings in the law: First, the 20x2020 plan 
addresses only urban water use, and ignores agriculture, which accounts for about 80% of the 
state‘s water consumption in most years. A related bill addressing agricultural water use, but 
without specific quantitative targets, was passed with the water reform package in 2009. While 
this does not go as far as some would like, it is in the words of a DWR employee, ―a huge 
change in the way things are done in the state.‖  The intent behind the 20x2020 program is to 
prompt suppliers to expand conservation programs. Currently, eligibility for grants from the state 
will be tied to whether an agency has fully implemented all of the required BMPs, but in 2015 
eligibility will be tied to demonstration of actual reductions in per capita demands. 
 
From the perspective of single-family water use, a reduction in per capita use is equivalent to a 
reduction in household use, barring a massive change in the number of persons per dwelling unit.  
We know from the data presented in Table 73 and Figure 71 that as the number of persons per 
household increases the per capita use decreases.  However, the average number of persons per 
household is a fairly stable number in single-family residences, varying around 2.7 to 2.8 persons 
per household.  Consequently, any increase in water use efficiency in single-family customers 
will show up as a decrease in household water use.  As shown in Table 73 these estimates can be 
refined by normalizing them to a standard household size for comparison if data are collected, 
which allow a mathematical relationship to be generated between indoor use and number of 
residents. 
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Colorado River Administration 
The authors of the landmark 1975 California Water Atlas call the Colorado River ―one of the 
most litigated, regulated, and argued about rivers in the world.‖ The river‘s flow is shared by 
seven states and Mexico. Historically, California has used more than its legal allocation of 
Colorado River water, as laid out in the Colorado River Compact of 1922. As the upstream states 
have expanded irrigated area (through such projects as the Central Arizona Project), and as cities 
such as Denver, Salt Lake City, Phoenix, and Las Vegas, have grown, it has forced California to 
scale back its use of Colorado River water to its legal allotment. The Compact agreements grant 
California the use of 4.4 million acre-feet per year. The main beneficiaries of imported Colorado 
River water are cities in Southern California and farms in the Imperial Valley.  
 
In addition to the current challenges associated with over-allocation of the Colorado River and 
disputes among the different users, long-term changes in climate now seem likely to reduce 
overall flows. In 2008, scientists at the Scripps Institute at UC San Diego published a study that 
gave a 50 percent chance that Lake Mead could be dry (or reach ―dead pool‖ levels) regularly by 
2021, based on climate change and current levels of consumption.75 

Other regulatory drivers 

Urban Water Management Planning Act 
The state legislature passed the urban water management planning act in 1983. The Act required 
every water agency that serves over 3,000 customers to prepare an Urban Water Management 
Plan every five years and submit it to the Department of Water Resources. The plans are required 
to include a description of the supplier‘s demand management measures, defined as ―water 
conservation measures, programs, and incentives that prevent the waste of water and promote the 
reasonable and efficient use and reuse of available supplies.‖ Thus, all California water suppliers 
are required by law to at least consider the role that demand management should play in 
providing sustainable water service.  The 2010 plans must also provide baseline information on 
gpcd use, and then report on compliance with the 20 x 2020 legislation in 2015 and 2020. 

1992 National Energy Policy Act 
The National Energy Policy Act, or NEPA, passed by Congress in 1992, mandated water 
efficiency standards for plumbing fixtures, as shown in the table below. 
 

Fixture  Standard  
Water Closets (Toilets)  1.6 gallons per flush  
Showerheads  2.5 gallons per minute  
Faucets  2.2 gallons per minute  
Urinals  1 gallon per flush  

                                                 
75 Barnett, T. P., and D. W. Pierce (2008), When will Lake Mead go dry?, Water Resour. Res., 

doi:10.1029/2007WR006704 
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It is widely believed that these standards have led, nationwide and in California, to reductions in 
per-capita domestic water use, as old fixtures have been swapped out through natural 
replacement and as new construction has become a larger and larger fraction of total housing 
stock. A number of policy and regulatory discussions are underway to identify how to expand the 
savings from these kinds of standards and how to accelerate uptake and hence market saturation 
of efficient appliances and fixtures.  We hope that the current study will contribute to this 
discussion.  

State Efficiency Standards 
The legislated efficiency standards for single family homes in the State of California have been 
continuously evolving since the 1992 passage of the National Energy Policy Act.  In 2007 the 
state adopted law AB 715 that requires that only High-Efficiency toilets and urinals be sold or 
installed after January 1, 2014. This law amended the 2007 California Plumbing Code and is 
stricter than the US Energy Policy Act requirements described above.   
 
In 2009 the legislature passed SB 407 that deals with plumbing fixture upgrades as part of 
property transfers.  The bill requires all single family homes that were built prior to Jan 1, 1994 
to have all toilets that do not comply with the currently defined water conserving standard to be 
replaced.  Presumably, that would require upgrading  to HET toilets after January 1. 2014, since 
these will be the model designated as water conserving as of that date.  This act also requires 
sellers of property to disclose the presence of any non-compliant toilets to prospective buyers.  
 
The California Green Building Standards, adopted in 2010 require the use of HET toilets if the 
builder choses to rely on the prescribed set of fixtures and appliance (rather than measured water 
use) in order to qualify as a ―green‖ building.  The net effect of all of these measures is that over 
time the State will see an increasing number of HET toilets installed in its single family homes. 
 

Table 95: Legislative requirements for toilet replacements for single family homes 

Category of SF 
Homes 

AB 715 (2007) SB 407 (2009) California Green 
Building Standards 

Resale homes Not Addressed As of January 1, 2017 
requires written 
disclosure by Seller to 
Buyer of non-
compliant fixtures on 
property 

Not addressed 

Renovated SF Homes All toilets sold or 
installed after January 
1, 2014 must meet 
HET standards 

All renovated SFR 
must have non-
compliant toilets 
replace  after Jan 1, 
2014 

1.28 gpf max if 
prescriptive path is 
chosen for green 
building qualification. 

All Other SF Homes Not addressed All SFR must  Not Addressed 
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Model Water Efficient Landscape Ordinance 
Water managers in the state have recognized the importance of addressing outdoor water use: in 
most of the state, more than half of a household‘s water is used outdoors, mostly to water lawns 
and gardens, but also in pools and spas, and for car washing and other purposes. In our study 
sample 53% of total water use was for outdoor purposes. In 1990, the state legislature passed AB 
325, which limited the landscape ratio (the ratio of the Theoretical Irrigation Requirement to the 
Reference Requirement) to 80% of the reference crop evapotranspiration for the site. The model 
ordinance applied to large commercial and public properties and to residences with 
professionally-installed landscapes.  Even though this ordinance does not apply to most of the 
homes in our study group it is interesting to note that their landscape ratio was very close to 1.0. 
 
In 2000, an independent review of the model landscape program found several shortcomings in 
its implementation: ―the legislation neither prescribed clear conservation goals, nor did it require 
meaningful levels of compliance. It also did not deal with pricing and enforcement issues. The 
most serious problem was the lack of actual irrigation monitoring: ―enforcement of the 
maximum water allowance virtually nonexistent‖ and ―few developers and contractors were even 
aware of the Model Ordinance. This lack of awareness, in a setting where water for the most part 
is still very cheap and agency monitoring nonexistent, makes wasteful irrigation virtually 
inevitable.‖ 
 
The landscape ordinance, which goes by the balky acronym MWELO, was developed by the 
Department of Water Resources at the direction of the legislature. AB 1881, signed into law in 
2006, was designed to hold local agencies to tighter standards for outdoor water use.  The law 
also required the California Energy Commission to adopt performance standards for irrigation 
equipment. It also contained a provision designed to prevent ―common interest developments‖ 

(such as condominiums) from restricting the use of low water-using plants. (This was designed 
to counter the problem of homeowner associations that require lawns, in conflict with the state‘s 
water-saving goals.) 
 
Cities and counties can use the state ordinance as a model, and must have adopted a local 
ordinance at least as effective by January 2010 (although delays in the program have slowed its 
full implementation). The most important effect is on new landscapes and major renovations, and 
mostly covers large landscapes: 2,500 square feet (0.06 acres), or for homeowners 5,000 square 
feet. According to our calculations, this law will cover approximately 30% of California single-
family homes (see the section on Outdoor Water Use for details). Critics of the law contend that 
it is overly complicated for most laymen to understand and that it can unfairly burden 
homeowners: in some instances, re-landscaping will be required if a homeowner applies for a 
permit for an unrelated project such as renovating a bathroom. Supporters note that outdoor use 
comprises more than half of household water use, and a landscape ordinance is a fair approach 
that reduces waste while permitting green and attractive landscapes. 

Residential Water Metering 
Research by the Sacramento-based nonprofit Public Policy Institute of California has found that, 
in cities with meters, water use is about 15% less than in unmetered cities. Among cities where 
users pay volumetric rates, those with a tiered structure have water use that is 10% lower. A 
2004 study by Aquacraft demonstrated water savings of 15.3 percent when comparing 
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submetered to non-submetered properties. An earlier study by Industrial Economics in 1999 
estimated savings of 18 to 39 percent. There are no reliable estimates for how many of 
California‘s homes are unmetered, but our interpretation of the 2006 California Water Rate 
Survey suggests that up to 6% of the state‘s water providers charge a bulk rate, which would 
imply an absence of meters. 
 
The state has recently passed three different laws that will eventually result in universal 
metering, where every household has a water meter. Since 1992, state law has required the 
installation of water meters on all new construction. For meter-less cities like Sacramento, this 
meant that new homes had meters but customers still paid a flat rate. The law required utilities to 
begin charging volumetric ―commodity‖ rates to all customers with meters beginning on January 
1, 2010. (Before this, Sacramento customers with a meter had an option of paying an average flat 
rate or being billed according to their meter.) AB 975, signed into law in 2009, re-affirmed the 
state‘s intention to move to universal metering. Before this, existing law said that private utilities 
regulated by the Public Utilities Commission should not install meters unless they showed that 
metering would be cost effective, reduce water consumption, and not impose an unreasonable 
financial burden on customers. The new law removed this hurdle to metering by requiring meters 
for all connections, even if it resulted in increased costs to customers. 
 
The state has also mandated that all California cities must be metered by 2025 (AB 2572 passed 
in 2004). The 20x2020 taskforce has recommended that this target be accelerated to occur by 
2020. Another law states that cities that get federal water via the Central Valley Project must 
have meters installed by 2013.  

The Graywater Law 
Reuse of graywater water is a very powerful way to reduce demands because the act of reusing 
the water essentially eliminates the demand for fresh water equal to the amount of reuse.  There 
are a number of obstacles, however, to fully implementing these systems.  In the summer of 
2008, the California Senate passed SB 1258 requiring the state to revise building codes "to 
conserve water by facilitating greater reuse of gray water in California." Prior to August 2009, 
when drought prompted emergency adoption of the new codes, re-use of residential graywater 
from sinks, showers, and washing machines for irrigation, was limited. Although the systems 
were legal, they required a detailed design and permit. In fact, it is estimated that in 2009 there 
were fewer than a dozen fully-permitted systems in the state, while some residents opted to 
install unpermitted graywater systems. 
 
The revised rules have made it a great deal easier for residents to install a simple low-tech way to 
reuse water for landscape irrigation. While widespread public acceptance of graywater reuse 
appears to be low, there is a great deal of interest and enthusiasm from some quarters.  The 
ability to re-use water could have a significant impact on household water use. 

Clothes washer standards 
Statistics from CHAPTER 7 showed that the second biggest use of water in most homes, after 
toilets, came from washing machines. It was also noted that the water-efficient models, while 
they cost somewhat more, used around 20 gallons per wash, compared to typical models that 
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averaged closer to 40 gallons per wash. For a typical household, the indoor use model shows that 
the presence of a high-efficiency clothes washer translates to savings of 6,200 gallons per year.  
 
In 2002, the state legislature passed a law requiring the California Energy Commission to create 
washing machine efficiency standards. In 2006, the Department of Energy denied the state‘s 
request to institute standards more stringent than the federal government. The state filed suit in 
2007, and in October of 2009, the Ninth Circuit Court of Appeals overturned DOE‘s ruling, and 
ordered DOE to re-consider its ruling.  
 
As of this writing, it remains to be seen whether the federal government will allow California to 
put in place stricter clothes washer standards, or will create national standards similar to those 
proposed in the state. If such standards are allowed, they will go a long way to saving water in 
residences throughout the state. 

Show-Me-the Water Laws and the Vineyard Decision 
Historically there has been somewhat of a lack of coordination between land use planning and 
water availability in that developments could be approved without demonstrating a firm supply 
of water.  This issue was addressed by the California legislature in 2001, when it passed SB 610 
in 2001 and SB 221, the so-called ―Show Me the Water‖ laws. Under these laws, developers of 
large projects (usually more than 500 housing units) must demonstrate that a 20-year water 
supply is available.  
 
In 2007, the Supreme Court issued a ruling that will likely affect water planning for some time. 
In the Vineyard Area Citizens for Responsible Growth vs. City of Rancho Cordova (or the so-
called Vineyard Case) the court laid out general principles for dealing with water supply under 
the California Environmental Quality Act. The court stated that an applicant for a large project 
must do a thorough analysis of long-term water supply for the project. They went on to write that 
―speculative sources and unrealistic allocations (e.g. ―paper water‖) are insufficient bases for 
decision making.‖ 

Water-Use of Single-Family Sector 
In most cases residential water use predominates in urban systems, and single-family residences 
make up the bulk of residential use.  Consequently, savings in single-family water use, while 
small on a per unit basis are of great importance to the state as a whole due to the large numbers 
involved.  This section discusses how the results from this research project can be extrapolated to 
the state as a whole. 

Number of Single-Family Residences 
Single-family homes comprise 70-75% of the housing stock in California. In this study, no 
differentiation was made between detached houses and attached units with up to four units (i.e., 
duplex, triplex, and quadruplex) provided each unit was individually metered. Further, no 
differentiation was made on housing tenure, i.e., whether the residents rent or own the home. 
Based on this definition of a single-family home, according to the US Census Bureau‘s 
American Community Survey, in 2008 there were 9,474,895 occupied single-family residences 
in California. The stated margin of error for this estimate is ±0.1%.  
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The number of households counted by the Census in 2000 was updated to account for population 
growth and the construction of new homes over the last 10 years. We applied a percent increase 
in the number of housing units for each county based on information from the California 
Department of Finance spreadsheet titled ―Population and Housing Estimates for Cities, Counties 
and the State, 2001-2010, with 2000 Benchmark.‖76 The state‘s estimates of housing growth do 
not differentiate between single-family, multi-family or other types of residences; we assumed 
that each stock of housing increased at the same overall rate. 
 
Research by the Public Policy Institute of California reveals trends in the types of housing being 
built in California. They found that the share of multi-family homes reached a peak of 58% from 
1950 to 1960, and the share has steadily declined each decade until 2000. After 2000, the trend 
began to reverse. While the construction of single-family homes still dominates with 72%, the 
share of multi-family homes began to rise after three decades of decline. In the long run, the 
trend in housing type has important implications for urban water use, as multifamily homes 
consume less water due to lower outdoor water use per household. 

                                                 
76 State of California, Department of Finance, E-5 Population and Housing Estimates for Cities, Counties and the 

State, 2001-2010, with 2000 Benchmark. Sacramento, California, May 2010. 
http://www.dof.ca.gov/research/demographic/reports/estimates/e-5/2001-10/  

 

http://www.dof.ca.gov/research/demographic/reports/estimates/e-5/2001-10/
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Table 96: Occupied housing units in California in 2008  

Units Percent Units 
1, detached 58.8% 7,160,577 
1, attached 7.0%    852,450 
2 apts 2.5%    304,446 
3-4 apts 5.6%    681,960 
5-9 apts 6.2%    755,027 
10+ apts 16.0% 1,948,456 
Mobile home or other 3.9%      474,936 
Total 100.0% 12,177,852 
Total SF    9,474,369 

 
Source : U.S. Census Bureau, 2008 American Community Survey. Note shaded cells denote 
single-family. 
 
We then estimated the number of single-family residences in each of the state‘s 10 hydrologic 
regions. This was done using geographic information system (GIS) software to overlay 
hydrologic region boundaries with the 387 census-defined county subdivisions.  
 
Because the homes metered in the current study are only a subset of all the homes in the state, we 
evaluate evidence that the 733 homes in the study group are representative of single-family 
homes throughout the state. Below, we examine how the sampled households where flow traces 
and surveys were collected compare to the state as a whole. Based on their similarity, we discuss 
extrapolating the results of the survey to understand potential conservation in the state as a 
whole. 

Characteristics of Single-Family Residential Population 

Average age 

The median age in California is 33.3, according to the 2000 Census. The median age for females 
(34.4) is slightly higher than that of males (32.2). The census does not tabulate the average age 
within households of different types. They do however, report the age of the self-reported head 
of the household by household tenure (rent vs. own). Of the state‘s 11.5 million occupied 
households in 2000, 57% were owned-occupied vs. 43% occupied by renters. Householders in 
owner-occupied homes tend to be somewhat older, as shown by the distributions in Figure 81. 
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Figure 81: Number of households, by age of householder and housing tenure in California in 
2000 

Average number of residents 

Overall, California households have an average of 2.87 residents (Table 8). There is some 
variance in number of residents by region, and by housing type. Owner-occupied homes are 
slightly larger on average than those occupied by renters (Table 97). Also, households appear to 
be larger in communities in the Central Valley and in Southern California (Figure 82).  
 
Table 97: Average household size in California 
 

Total   2.87 
Owner occupied   2.93 
Renter occupied   2.79 

 
We conducted a more detailed analysis of household residents using data from the US Census 
Bureau. The Bureau‘s Summary File 4 data is comprised of information from a selective 
sampling of the entire census data. The table HCT19 reports household size by housing type in 
each of the state‘s 387 county subdivisions, as shown in Figure 82.  
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Figure 82 Average Household Size77  
 
We compared the household size of single-family residents in the state with household sizes in 
the study, based on the 499 returned questionnaires.  The overall average occupancy for the 
sample was 2.96, while for the state as a whole it was 2.87. This represents a variance of 3%.  
Given that the number of occupants was the only continuous variable found to be significant for 
indoor use, the close agreement between the sample and state as a whole is encouraging.  Figure 
83 shows that the sample household sizes reasonably approximate those in the state, though there 
are some differences. The sample appears to have fewer one-person households, and a greater 
preponderance of two-person households than the state population. It is conceivable that two-
person households are more likely to return questionnaires than households with a single 
resident. 

                                                 
77 U.S. Census Bureau, Detailed 2007 American Housing Survey Data Using Census 2000-based Weighting. 

http://www.census.gov/hhes/www/housing/ahs/ahs07/ahs07.html  
 

http://www.census.gov/hhes/www/housing/ahs/ahs07/ahs07.html
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Figure 83: Distribution of household sizes in this study‘s sample and statewide 

 

Table 98: Single-Family Households, household size, and population by hydrologic region, 
estimated for 2010. 

Region Number of 
SF 

Households 

Household 
Size 

(residents/hh) 

Population 

North Coast 233,821 2.52 589,000 
San Francisco Bay 1,733,198 2.70 4,680,000 
Central Coast 491,323 2.85 1,400,000 
South Coast 4,751,287 3.00 14,300,000 
Sacramento River 949,212 2.62 2,490,000 
San Joaquin River 653,547 2.98 1,950,000 
Tulare Lake 582,509 3.14 1,830,000 
North Lahontan 36,908 2.54 93,600 
South Lahontan 209,449 2.89 605,000 
Colorado River 244,399 2.79 682,000 
CALIFORNIA 9,885,653 2.89 28,600,000 

 

Average lot size 

Nationally, the median lot size is 0.35 acres, or 15,000 square feet, according to data collected by 
the Census Bureau as part of the American Housing Survey in 2007.  
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Table 99: Lot size in the United States (data in thousands) for all housing units 
 

 Units Percent 
Less than 1/8 acre   13,614 15% 
1/8 to 1/4 acre   25,775 28% 
1/4  to 1/2 acre   17,703 19% 
1/2 to 1 acre   11,216 12% 
1  to 5 acres  17,713 19% 
5  to 10 acres     2,785 3% 
10 + acres     4,402 5% 
Total 93,208 100% 
 
Reliable figures for lot sizes throughout the state are difficult to come by. Lot size is usually 
included with the property records maintained by county assessors‘ offices. While this 
information is officially part of the public record, there are difficulties in accessing it and using it 
for research. Many of California‘s 58 counties maintain paper records, and have not yet 
converted records to a digital format. 
 
Researchers from the Public Policy Institute of California used county assessor data to measure 
trends in single-family lot sizes.78 They obtained data for 22 counties via the housing research 
firm DataQuick, which compiles parcel records from the counties. The authors of this study 
broke all single-family residences into two categories: one with small lots under 0.25 acre, and 
those over a quarter acre, which they refer to as ―ranchettes.‖ For smaller lots, the authors 
estimate the size of the yard by subtracting the building footprint area from the lot, and estimate 
irrigated area as 35% of the yard, citing a 1995 study by the East Bay Municipal Utility District. 
The average irrigated area was from 2,000-3,600 square feet. For the larger ―ranchette‖ 
properties, the irrigated area is estimated as 10% of the irrigated area, averaging about a quarter 
acre, or about 11,000 square feet. 

The American Housing Survey 

The American Housing Survey (AHS) collects data on the Nation's housing, including 
apartments, single-family homes, mobile homes, vacant housing units, household characteristics, 
income, housing and neighborhood quality, housing costs, equipment and fuels, size of housing 
unit, and recent movers. National data are collected in odd numbered years, and data for each of 
47 selected Metropolitan Areas are collected currently about every six years. The national 
sample covers an average 55,000 housing units. Each metropolitan area sample covers 4,100 or 
more housing units. The information below is collected from census-designated Primary 
Metropolitan Statistical Areas (PMSAs). 

                                                 
78 Hanak, Ellen and Matthew Davis (2008), Lawns and Water Use in California. Public Policy Institute of 

California. 24 pages. http://www.ppic.org/main/publication.asp?i=691  
 

http://www.ppic.org/main/publication.asp?i=691
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Metropolitan Area Survey 
Year 

Median Lot Size 
(acres) (sq. ft.) 

Anaheim-Santa Ana PMSA 2002 0.18 7,800 
Oakland PMSA 1998 0.20 8,700 
Riverside-San Bernardino-Ontario 
PMSA 2002 0.23 10,000 
Sacramento PMSA 2004 0.23 10,000 
San Diego MSA 2002 0.21 9,100 
San Francisco-Oakland PMSA 1998 0.16 7,000 
San Jose PMSA 1998 0.19 8,300 
Los Angeles-Long Beach PMSA 2003 0.19 8,300 

 
The Department of Water Resources estimates land and water use for the California Water Plan, 
which is updated every five years. Because the distribution of lot sizes is positively skewed, with 
a minority of households on larger lots, the median is lower than the mean, or average, lot size.  
 
Here, we use a sample of single-family homes in California to determine the average irrigation 
requirement. A geographic dataset was previously developed (Gleick and other 2009) to 
represent reference crop irrigation requirements in an average year, where rainfall and 
evapotranspiration do not stray from the normal, long-term average. Irrigation requirements may 
be lower during cool or rainy years, and will be significantly higher during hot and dry years. 
 
It was found that, on average, 51% of the lot is irrigated area, according to a simple linear curve 
fit based on 604 homes. Note that only eight of the homes are on lots greater than one acre 
(43,560 sq. ft.), and so we follow PPIC‘s assumption that the irrigated area will increase by 
another 10% for each acre after the first acre.  
 

 
Figure 84: Irrigated Area vs Lot Size from 604 California Homes (Pacific Institute, 2009) 
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Household Income 

The median household income for Californians in 2008 was $61,154 with a mean of $83,970. 
The stated incomes of the 417 survey respondents were higher. For example, 29% of California 
households earn less than $35,000 per year, compared to 10% of households in the study. It was 
not possible to determine the incomes of single-family households directly. However, the census 
bureau does provide tabulations of income by housing tenure (rent vs. own). This is an imperfect 
surrogate; however it may provide a better idea of single-family residents, as it excludes 
apartment renters. 
 
In general, we can conclude that the study households included a lower percentage of low-
income households, and more high-income earners than the state population as a whole. Figure 
85 shows that households earning over $150,000 were more common in our study than in the 
state as a whole.  
 

 
Figure 85: Household incomes for the state population and surveyed households 
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Projections of Potential Statewide Water Savings 
Based on the data presented in previous chapters on the water use within the study group, and 
data collected for the statewide population of single-family homes, it is possible to make 
reasonable projections of potential water savings for single-family customers in the state as a 
whole. 

Indoor Savings 
The performance-based analysis from Table 84 showed that it would be possible to reduce 
indoor water use to 120 gphd by achieving four major water conservation goals: 

 Reducing the average gallons per load of clothes washers to 20 gpl would reduce the 
average household use by 13.6 gphd. 

 Reducing faucet use by 10%  would reduce the average by 3.3 gphd 
 Limiting household leakage and continuous uses to 25 gpd would reduce the average by 

17.5 gphd 
 Reducing toilet flushes to a maximum of 1.28 gpf would reduce the average use by 20.3 

gphd 

Clothes washers 
Modern horizontal-axis, front-loading clothes washers use significantly less water than top 
loading clothes washers, which are the most prevalent in the United States. The Pacific Institute 
has previously noted that ―horizontal-axis washing machines, long popular in Europe where they 
have captured over 90 percent of the market, have only recently been introduced to the United 
States.‖79  
 
Among the 735 homes sampled in this study over 97% reported having a clothes washer in the 
home. Of these 76% were top loading and 24% were front loading.  The average load of wash 
measured by the flow traces was 36 gallons. The U.S. Department of Energy‘s EnergyStar 
program, in a 2009 analysis, found an average of water use of 14.9 gpl for efficient, EnergyStar-
rated clothes washers. Our indoor savings analysis assumes that clothes washers using 20 gpl as 
a maximum become the norm over time. It is not necessary that this transformation occur 
immediately, but could easily occur over the next 20 to 30 years.   

Faucets 
This study found that faucets accounted for 19% of all indoor water use. It has been noted that 
this category is somewhat of a catch-all: the specific water use is diverse and difficult to 
determine without intrusive investigations into the home. As the average home used the faucet 
58 times per day, for a total of 33 gallons, conservation efforts here may be fruitful. Faucet use 
can be affected both by reducing the flow rates of the fixtures and by reducing the run times. 
 
Before 1992, faucets‘ rated flow rates ranged from 2.5 to 7 gpm. In 1992, California updated its 
plumbing code to set a maximum flow rate of 2.2 gpm, but this was replaced by the new federal 
                                                 
79 Gleick, P.G. et al. (2003) Waste Not, Want Not: The Potential for Urban Water Conservation in  
California. Pacific Institute, Oakland, California.  
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standard of 2.2 gpm in 1994, which is still in place. Previous analysis by the Pacific Institute 
pointed out that a low-flow faucet will not always reduce water use: ―filling a pot will require the 
same volume of water regardless of flow rate. The amount of water used for brushing teeth while 
leaving the faucet running, however, will be larger with a faucet that flows at a higher rate. Thus, 
a low-flow faucet may or may not reduce water needs, depending on the use and individual 
behavior.‖ 
 
Field studies have observed significant water savings from reduced faucet flow rates. Seattle‘s 
Home Water Saver Apartment/Condominium program installed faucet aerators in 65,702 multi-
family units and found that faucet flow rates were reduced by 0.7 gpm, resulting in an 18 percent 
reduction in faucet water use.80 In 2003, a study conducted in Tampa tested bathroom and 
kitchen faucet aerators and hands-free electronic faucets of the type ordinarily found in 
commercial settings.81 This study found savings of 3.2 gallons per day. 
 
The latest faucet aerators on the market are available in a variety of flow rates, ranging from 0.5 
gpm (for bathroom faucets) to 2.5 gpm. Newer kitchen faucet aerators are designed with a range 
of features, such as swivel action to reach every corner of the sink, fingertip controls to 
temporarily halt water flow, and dual flow mode: a higher flow for filling pots and low flow for 
washing up. It seems more attention is being paid to providing the right amount of flow and 
pressure when and where it is needed. Aerators are also inexpensive: The retail price for aerators 
ranged from $0.99 to around $4, based on a survey of online retailers. 
 
In addition to their flow rates, the other aspect of faucets that can be addressed is their duration 
of use.  In Table 43 we see that the average duration of the faucet events in the database was 37 
seconds.  Presumably, much of this was wasted time in which the faucet was running but the 
water was simply going down the drain.  Devices which allow better control of faucet through 
sensors, foot pedals, level or other hands free devices may be worth investigating as to their 
savings potential. In addition to device operation, there is a significant behavioral component in 
the way existing faucets are used. This behavioral element may best be addressed by education 
and informational campaigns.  
 
There is strong evidence that there is untapped conservation potential to be gained from 
contemporary low-flow faucets and aerators. Because of the low cost of aerators, these savings 
could be cost-effective. Also, because faucets often use warm or hot water, residents will save 
money on their energy bills, making these more attractive. The indoor model in this study 
assumed only a reduction of 10% in faucet use.  Given the wealth of devices available to limit 
both the flow rates and durations of faucets this seems like a modest goal. 

                                                 
80 Skeel T. and S. Hill. 1998. Evaluation of Savings from Seattle‘s ―Home Water Saver‖ Apartment/Condominium 

Program. Seattle Public Utilities. Seattle, Washington. 
http://www.ci.seattle.wa.us/util/rescons/papers/p_tssh1.HTM  

81 Mayer, P.W., Deoreo., W.B., Towler, E., Martin, L., Lewis, D.M., Tampa Water Department residential water 
conservation study: The impacts of high-efficiency plumbing fixture retrofits in single-family homes. 
Submitted to: Seattle Public Utilities and the USEPA, 2004., by Aquacraft, Inc. Boulder, Colorado. 
www.aquacraft.com  
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Leaks and continuous uses 
This study has shown that homes with large volumes of leakage and continuous uses raise the 
average indoor water use for the entire group. In order to reduce the short term leaks the best 
strategy is to improve the performance of the fixtures and appliances, e.g. reduce the frequency 
of leaky toilets.  In order to eliminate the large volume leaks from continuous events a system 
that recognizes these flows and turns the water off would be needed.  These devices would act 
the way that a circuit breaker does on an electric system, and would prevent both water waste 
and damage to homes due to burst pipes and broken valves. 
 
Strategies for finding customers with leaks include: 
 

 Audits – expensive, voluntary, limited reach 
 Data mining of billing records (look for sudden jumps, households with much higher 

non-seasonal water use than similar properties, or that would be expected from the size of 
the property. 

 Smart meters – real-time feedback to users, alert them of a sudden jump in water use that 
may signify a leak. 

 ―Leak‖ detection devices – flow sensors installed in the service line that detect leaks, 
alert owners, and turn off the water. 

 Water budgets – homes with leaks will exceed budgets and pay excess use rates, thus 
encouraging repair. 

Toilets 
Toilets are major indoor water users and there are significant differences in water use per toilet 
among models, especially models installed before new federal and state standards came into 
force. Data collected in this study revealed that there remains a great deal of savings potential for 
toilets. In flow trace data collected in 1996-1997, the Residential End Uses of Water Study 
revealed that toilets were the biggest component of indoor water use. Ten years later, it appears 
this is still the case, accounting for 20% of indoor water use. The indoor modeling showed that if 
the average flush volume were brought down to HET specifications (1.28 gpf) this would reduce 
average indoor use by 20.3 gphd, the largest projected savings of the group. 

Other Actions 
Conservation efforts do not need to be limited to the four categories identified from the 
performance based analysis.  Savings are possible from other indoor uses, which would provide 
additional savings, and thereby increase the potential of meeting or surpassing the conservation 
target of 120 gphd as the average for the group. 

Dishwashers 

The indoor modeling results for faucets, shown in Table 77, suggest that the presence of a 
dishwasher reduces daily faucet use by 14 gpd, or 500 gallons per year.  This matches the Energy 
Star website, which advises (without citing a source) that: ―washing dishes by hand uses much 
more water than using a dishwasher. Using an ENERGY STAR qualified dishwashers instead of 
hand washing will save you annually 5,000 gallons of water, $40 in utility costs, and 230 hours 
of your time.‖  
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According to Table 67, the survey results from this study, 82% of the homes have dishwashers.  
This suggests that if dishwashers were installed in the 18% of homes that do not have them, the 
average household water use would be reduced by approximately 1,000 gallons per year. 

Garbage Disposals 

Table 77 also suggests that the presence of a garbage disposal also saves water in the home, 
approximately 13 gphd.  This is counter intuitive since one would expect that the use of a 
garbage disposal would lead to more use of the faucet.  It is possible, however, that homes 
without garbage disposals actually use more water to clear the drains than do homes with them. 
It is also possible that since the homes with garbage disposals were also more likely to have an 
automatic dishwasher present, and as discussed above, dishwashers correlate to a decrease in 
faucet use, it is therefore possible that the decrease in faucet use is due to the combination of the 
garbage disposal and dishwasher.  Virtually all new homes are equipped with both dishwashers 
and disposals, so this is not an issue for new home standards. It does suggest, however, that 
water agencies should not consider disposals as water wasting appliances. 

Showers 

In this study it was not possible to detect a change in household water use based on the average 
flow rates of the showers in the homes.  The reason for this, as explained in CHAPTER 9, was 
due to the fact that there was so little variability among the average flow rates among the houses.  
We do know that the majority of showers flow at or below the 2.5 gpm standard for the 1992 
EPAct. This is due to a combination of plumbing restrictions and throttling by the users.  In the 
EPA Retrofit study replacement of existing showerheads with 2.5 gpm devices led to no 
significant reductions in daily shower use. In one of the sites, however, where the old 
showerheads were replaced with devices flowing at 1.7 gpm, which match existing WaterSense 
specifications, a reduction of 9.7 gpd was measured.  This is equivalent to approximately 3,500 
gallons per year of potential savings. 

Water Monitors 

The faucet model results shown in Table 77 showed that three factors associated with peoples‘ 
knowledge of how much water they were using were linked to reduced faucet uses.  These 
questions were whether people knew how much water they used in a year, whether they knew 
the cost of wastewater charges, and whether they felt that the cost of water was an important 
factor in their decisions about how much water to use.  All of these factors suggest that having 
more knowledge about the actual use of water and its costs tends to decrease discretionary uses 
such a faucet use.  This suggests that measures such as real time water monitors may play a role 
in reducing discretionary uses by informing people of their actual usage. 

Other Uses 

The other domestic use category includes items such as water treatment systems, humidifiers, 
swamp coolers and other uses that did not fall into any of the other categories.  There is no single 
measure for dealing with all of the miscellaneous uses, but the category does show that they 
account for nearly 4% of average indoor uses.  Knowing that these uses exist and insuring that 
they are properly operated and maintained by the users is an important step in managing them. 
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Outdoor Savings 
In order to extrapolate the outdoor results from this study to the state as a whole, the regression 
models developed in CHAPTER 9 were used.  The variables were adjusted based on the best 
available information for the population of single-family homes across the state in order to derive 
adjusted estimates of outdoor household water use for the general single-family population. In 
areas where specific data were not available for adjustments we assume that patterns of outdoor 
water use from the study group are similar to those throughout the state, for example we assumed 
that the percentage of homes that practice irrigation (87%) found in this study can be applied 
across the state.  On the other hand, census data showed that the statewide household income was 
lower than the study group, so the outdoor use model was used to correct for this.   
 
Table 100 shows the baseline estimate for outdoor water use in the state after correcting for 
household income and the percent of homes that are irrigating.  In this and the following tables 
the outdoor use model from Chapter 9 was used to estimate the predicted outdoor household use.  
This value equals the product of the factors in rows one through eight of the table, plus the 
correction factor in row nine.  The baseline use is shown in row 10, which in this case is 87.103 
kgal per household.  This value stays constant in the following case studies, and savings are 
taken as the difference between the baseline use and the use predicted by varying the values for 
the test cases.  The savings per household are then multiplied by the estimated number of single-
family households that are irrigating to arrive at estimates of statewide savings projections from 
conservation in outdoor use. 

Table 100: Baseline outdoor water use corrected for percent irrigators and income 
Parameter Coefficient Study Mean Assumed 

Value 
Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3802.615 275.348 
Net Eto (in) 1.659 42.193 42.193 496.060 
Landscape Ratio 0.506 0.960 0.960 0.979 
Excess Irrigators (%) 3.130 0.505 0.505 2.076 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
Log_household_income ($1000) 0.125              83.97  83.970 1.74  
Correction -9.200   -9.200 
Observed Mean Use (kgal)    87.103 
Predicted Value (kgal)    87.103 
Savings (kgal)    0.000 
Irrigating SF Homes (87% of total)                      

8,242,701  
Total savings (kgal)*                                 

0    
Total savings (MAF)*                                 

0    
*Baseline data, therefore no savings values 
 

Using the outdoor regression model we can make projections of the likely impact on household 
water use among the 8.24 million irrigating single-family residences if various modifications are 
made to their outdoor water patterns.  In the first case we assume that the rate of over-irrigation 
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can be cut in half from the current 50.5% to 25.25% of irrigating households that are over 
irrigating.   

Table 101 shows that this simple expedient would reduce average outdoor use from 87.103 kgal 
per year to 62.152 kgal, and results in statewide savings of 0.631 million acre feet of water.  
Based on our best estimate of 4.4 MAF of single-family water use from Table 89 this means that 
a savings of nearly 15% of total single-family use could be achieved simply by cutting the 
number of over-irrigators in half--not eliminating over irrigation, but just halving it. 

 

Table 101: Outdoor case 1: reduction in rate of excess irrigators by 50% 
Parameter Coefficient Study Mean Assumed 

Value 
Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3802.615 275.348 
Net Eto (in) 1.659 42.193 42.193 496.060 
Landscape Ratio 0.506 0.960 0.960 0.979 
Excess Irrigators (%) 3.130 0.505 0.253 1.538 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
Log_household_income ($1000) 0.125             83.97  83.970 1.74  
Correction -9.200   -9.200 
Observed Mean Use (kgal)    87.103 
Predicted Value (kgal)    62.152 
Savings (kgal)    24.951 
Irrigating SF Homes (87% of total)                      

8,242,701  
Total savings (kgal)              

205,660,996  
Total savings (MAF)                            

0.631  
 
A second scenario supposes that a fraction of households‘ high-water use plants such as grass are 
replaced with climate-adapted, low-water use plants, in effect reducing their landscape ratios. 
This type of landscaping is often referred to as ―drought-tolerant‖ or ―low-water using‖ 
plantings. Southern Californians sometimes promote drought-tolerant and native plants as 
―California Friendly Landscaping,‖ it is referred to as ―Bay-Friendly‖ in the San Francisco Bay 
Area, and in Santa Rosa and in Sacramento the term is ―River Friendly.‖ Replacing grass with 
native plants, in particular, reduces water use and has other benefits including flowers that attract 
pollinators, more diverse habitat, lower fertilizer and pesticide use, less polluted runoff, and 
healthier lakes, streams, and coasts.  The California model landscape ordinance suggests a 
maximum landscape ratio of 0.8. 
 
This study found an average ―landscape ratio‖ of 0.96. The landscape ratio captures the impacts 
of different plant materials since it is the ratio of the theoretical irrigation requirement to the 
reference irrigation requirement.  Landscape professionals and agronomists use the concept of a 
crop coefficient or a plant factor to describe the water demands of different types of plants. A 
plant factor, when multiplied by reference crop evapotranspiration, determines the amount of 
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water needed by a plant. California‘s Water Efficient Landscape Ordinance, AB 1881, reports 
plant factors for different types of landscapes. The factor for low-water-use plants is 0 to 0.3, for 
moderate water use plants 0.4 to 0.6, and for high water use plants 0.7 to 1.0. Plant factors cited 
in the ordinance are derived from the Department of Water Resources 2000 publication ―Water 
Use Classification of Landscape Species.‖ 
 
For this scenario, we estimated the water savings that would result from reducing the average 
landscape ratio from its current average of 0.96 to 0.80, which is the suggested ratio in the model 
landscape ordinance.  This would be done by replacing turf and high water-using trees and 
shrubs with plants having a lower water requirement. Note that this scenario does not involve 
reducing landscaped area, since creating additional hardscape could increase impervious cover 
and runoff, and may not be a recommended practice.  Making this modification to the outdoor 
water use model achieves an additional 0.16 MAF, bringing total outdoor savings potential to 
0.790 MAF, which is an equivalent savings to 18% of the total single-family demands. 
 

Table 102: Outdoor case 2: reduction in landscape ratio to 0.80 
Parameter Coefficient Study 

Mean 
Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3802.615 275.348 
Net Eto (in) 1.659 42.193 42.193 496.060 
Landscape Ratio 0.506 0.960 0.800 0.893 
Excess Irrigators (%) 3.130 0.505 0.253 1.538 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
Log_household_income ($1000) 0.125          83.97  83.970 1.74  
Correction -9.200   -9.200 
Observed Mean Use (kgal)    87.103 
Predicted Value (kgal)    55.872 
savings (kgal)    31.231 
Irrigating SF Homes (87% of total)                      

8,242,701  
total savings (kgal)              

257,424,478  
Total savings (MAF)                            

0.790  
 
The final outdoor scenario assumes that the average irrigated area is reduced by 20% through the 
use of hardscapes, mulches, and non-irrigated areas. This would lower the average landscape 
area to 3042 sf, and would generate another 0.232 MAF of outdoor water savings.  In this case 
the total outdoor savings would amount to 1.022 MAF of water per year, as shown in Table 103. 
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Table 103: Outdoor case 3: reduction in landscape area by 20% 
Parameter Coefficient Study Mean Assumed 

Value 
Predicted 
Outdoor Use 

 Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3042 236.503 
Net Eto (in) 1.659 42.193 42.193 496.060 
Landscape Ratio 0.506 0.960 0.800 0.893 
Excess Irrigators (%) 3.130 0.505 0.253 1.538 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
Log_household_income ($1000) 0.125              83.97  83.970 1.74  
Correction -9.200   -9.200 
Observed Mean Use (kgal)    87.103 
Predicted Value (kgal)    46.692 
savings (kgal)    40.411 
Irrigating SF Homes (87% of total)                      

8,242,701  
total savings (kgal)              

333,093,996  
Total savings (MAF)                            

1.022  
 
The results of the three scenarios of outdoor water use are shown in Table 104.  The total savings 
estimated from the three outdoor conservation efforts described above range from 15% to 23% of 
the total single-family baseline water use. 
 

Table 104: Estimated outdoor water savings for single-family residences in California 

 Baseline 
Current Estimate 
of SF Outdoor 
Water Use 

Scenario 1  
Reduce Rate of 
Over-irrigation 
by 50%  

Scenario 2  
Reduce Average 
Landscape Ratio 
to 0.8 

Scenario 3  
Reduce 
Average 
Irrigated Area 
by 20% 

Income corrected 
Water Use 
                  (kgal/yr/) 87.103 62.152 55.872 46.692 
                      (MAF) 2.27 1.62 1.48  
Savings (kgal/yr)  24.95 31.23 40.41 
Savings       (MAF)  0.631 0.790 1.022 
% reduction for SF 
Outdoor use 

 
28% 35% 45% 

% Reduction of total 
SF use  

 
14% 18% 23% 
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Finally, a note about ―cash for grass‖ programs: these have become increasingly popular as tools 
for water savings, most notably in Las Vegas, which recently increased the incentive from $1.00 
to $1.50 per square-foot (Southern Nevada Water Authority 2010). We estimate that, in Los 
Angeles, each square-foot of grass replaced with ―California-friendly‖ landscaping saves 12 
gallons of water in a normal year, and up to 18 gallons in a drought year. Beyond financial 
incentives, agencies are employing other strategies to give up water-thirsty lawns for more 
appropriate land cover. These include enforcement of local landscape ordinances as described in 
the above section on new regulations. 
 
Another approach seeks to use the techniques of social marketing to convince residents of the 
many benefits of dry gardens, both environmental and aesthetic. While it is more difficult to 
measure the impact of these ―soft‖ approaches, they are important to bringing about a culture 
shift that will contribute to more sustainable use of California‘s water resources.  

Total Savings Potential from Single-Family Homes 
This study showed that a range of water savings is available from single-family homes in 
California.  Most of these savings come from the elimination of waste and use of best available 
water technologies.  Additional savings are available from changes in lifestyle such as landscape 
redesign or reduction of landscape areas. 
 
The indoor savings potential are limited by the end-point chosen for indoor household use.  In 
CHAPTER 9 we estimated a potential average savings of 20 kgal per home assuming that the 
indoor use benchmark would be 120 gphd.  In this chapter the estimate was 30 to 40 kgal per 
household assuming that benchmarks of 105 gphd could be achieved and more aggressive indoor 
technologies used.  Consequently, we can conceive of three levels of indoor water conservation 
benchmarks: a low, medium and high level at 20, 30 and 40 kgal per year per home.  Total 
indoor estimates are based on the estimate of 9.5 million single-family households in the state.   
 
Outdoor potential conservation savings have been estimated at a low of 0.631, medium of 0.790 
and high of 1.022 MAF per year. The savings in the low and medium ranges are deemed 
technically achievable, and do not require draconian demand restriction efforts. Furthermore, the 
low-end savings would more than achieve the desired 20% reduction in use.  The practicality of 
achieving savings in the high range is less clear, and closely related to the value placed on the 
saved water.   Achieving the high range outdoor savings may be achievable if residents are 
willing to scale back on the size and water requirements of their landscapes.  Table 105 shows 
the summary of the estimated potential conservation savings derived from this study.  It is worth 
repeating that what is achievable is a function of the value being placed on the saved water.  As 
water becomes scarcer its value will rise, which will make things that may not have appeared 
economically practical become so. 
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Table 105: Summary of projected statewide savings (MAFY) 

 Baseline Use Low Savings Medium Savings  High Savings 
Indoor 2.13 .58 .87 1.16 
Outdoor  2.27 .63 .79 1.02 
Total 4.4 1.21 1.66 2.18 
% of Total  27% 37% 50% 
 

Issues Concerning Potential Water Conservation in California 
There are a number of issues that need to be kept in mind when considering how water 
conservation might impact future water demands in California. 

The Post-Drought Rebound Effect 
The sampling for this study took place in the middle of a three-year drought that struck 
California from 2006- 2009. This is reflected in the governor‘s declaration of a drought in June 
2008, followed by a more serious declaration of a state emergency in February 2009. During this 
time, a statewide public education plan was conducted encouraging people to conserve water. At 
the same time, newspapers, radio, and television carried stories on the drought, usually 
accompanied by an exhortation to conserve water. During a drought, water savings come from a 
combination of changes to behavior and technology. As an example of behavioral change, 
customers may take shorter showers, or scale back on lawn watering or car washing. Some 
customers install water-saving fixtures that they purchase or receive via a giveaway or rebate 
from the utility. A ―rebound effect‖ is often observed following a drought when customers return 
to their former patterns of water use. However, a certain amount of savings are more lasting, 
partly due to the spread of water-efficient technologies, but perhaps also due to lasting 
behavioral changes. It is reasonable to assume that some households in the sample modified their 
water use based on these messages, suggesting that the sample may underestimate water use in a 
normal, non-drought year. 

Skewed nature of use and savings potential 
The distribution of water use among single-family residents is heavily skewed. It seems that 
household water use like many other quantities in social science, obeys the law of the long tail: a 
small number of households use large amounts of water. This has important implications for the 
design of conservation programs, since a small number of customers hold the biggest 
conservation potential; targeting these customers may lead to the most savings at the lowest cost. 
Yet, there are some difficulties in identifying these customers and running targeted conservation 
programs.  
 
One strategy is to use the techniques of data mining of billing data to determine households 
where water use is unexpectedly high. It may be useful to look for sudden unexplained jumps in 
water use by a customer. This may help to identify leaks in the customer‘s home which they may 
not be aware of.  
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Billing data becomes even more useful when it is linked to other kinds of information. High 
water use may be explained by a large family or a house that is on a large lot. Comparing billing 
data to property information from assessors‘ offices (often called cadastral data) may make these 
queries more informative. 
 
Agencies that use an allocation-based billing structure, based on the number of residents or size 
of the lot, already have this type of information about their customers. Irvine Ranch Water 
District in California is an example of an agency that has successfully used a ―water budget‖ 

approach for over a decade.  

Need for price signals 
Many analysts have noted that California‘s water customers do not all receive adequate price 
signals to indicate that water resources are scarce. In general, there are four kinds of rate 
structures at use in the state: flat, declining block, uniform, and increasing block rate. 
 
The California Urban Water Conservation Council has encouraged the use of ―conservation 
pricing‖ since 1991. By their definition, conservation pricing means that customers should pay 
for each additional unit of consumption. These so-called volumetric rates can include either 
uniform or increasing block rates. 
 
Economists had formerly assumed that demand for water was relatively inelastic. In other words, 
a household‘s need for demand for water is relatively fixed, and does not respond to changes in 
price. Two decades worth of research stands this notion on its head. According to Tsai et al. 
(2009), ―Literature on the price elasticity of water use – impact of water price on water demand – 
is so well-developed that meta-analysis is now possible (for example, see the meta-analysis of 64 
previous studies by Dalhuisen et al. 2003).‖

 82  Arbués and others surveyed the literature on 
residential water demand and conclude that while conservation pricing remains an important tool 
for water managers, it will be most effective when ―complemented by other instruments.‖ 
 
The fact remains, however, that water is fairly inexpensive, and comprises a small portion of a 
typical household‘s budget. A spate of recent newspaper articles publicized the profligacy of the 
biggest water users. Relying solely on rate increases to bring about savings will be difficult. 
Most agencies face some opposition from the public for any rate increase, no matter how modest. 
Raising rates can also create an unfair burden on poor families. Some have proposed allocation-
based rate systems to alleviate these concerns, where a base allocation for a household is based 
on the number of residents. 
 
As of 2006, 93% of California water agencies charged volumetric rates to residential customers, 
according to a study of water rates by the engineering firm Black & Veatch.83Inclining tiered 
rates are becoming more widespread. Before 1991, tiered rates were used by only 20% of 
suppliers. Their use spread from 38% of suppliers in 2001 to 43% in 2006,  
Figure 86.  

                                                 
82 Tsai, Y., Cohen, S., and R.M. Vogel, The impacts of water conservation strategies on water use, Journal of 

American Water Resources Association, submitted, November 2009. 
http://engineering.tufts.edu/cee/people/vogel/publications/impacts-water-conservation.pdf  

83 Black & Veatch. (2006) California Water Charge Survey.  

http://engineering.tufts.edu/cee/people/vogel/publications/impacts-water-conservation.pdf
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The study also found that water rates across the state had increased by an average of 17% over 
the three-year period from 2003 to 2006. The study‘s authors did not attribute the rate increase to 
conservation efforts but rather to ―increasing cost in construction materials, stringent water 
quality regulations and an aging infrastructure.‖ 
 

50%
(–0.2%)

43%
(+4.9%)

6.4%
(–3.1%)

0.4%
(–1.6%)

Uniform

Tier

Declining

Other

 
Figure 86: Water rate comparison for California water agencies in 2006 (percent change from 
2001 shown in parentheses) based on 289 water suppliers surveyed by Black & Veatch, 2006 
 
Research by the Public Policy Institute of California reveals that water consumption by 
households subject to a uniform volumetric rate is 13% lower than by those paying a flat rate. 
Switching to a tiered rate reduces consumption by another 10%. 
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Figure 87: Household water consumption (gallons per day) under different rate structures in 
2003 (adapted from Hanak, 2008) 
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An increasing body of evidence shows that some customers will respond to ―community norms‖ 
more readily than price signals. These efforts may fall under the heading of ―social marketing,‖ 
the use of marketing techniques to achieve specific behavioral goals for a social good. Social 
marketing has been traditionally employed to promote health and safety, with notable campaigns 
against smoking, skin cancer, and drunk driving. Campaigns such as California‘s ―Save Our 
Water‖ can be considered a form of social marketing. Overall, social marketing may use other 
forms of persuasion. 
 
An article in On Tap magazine describes how the ubiquitous water conservation cards in hotel 
rooms were modified to test their effectiveness: 
 
There was about a 37 percent compliance rate when the card carried a standard ―help save the 
environment‖ message. Altering the card‘s message to say that 75 percent of the guests in the 
hotel reused their towels, compliance climbed to 44 percent. When upping the ante by indicating 
that 75 percent of the people who stay in this room re-used their towels, compliance again rose, 
to 49 percent. 
 
A limited body of social science research supports the idea that if you tell people, ―You are 
consuming more than is normal in our community,‖ that they will respond by lowering their 
consumption. The idea goes thus: even residents for whom the price of water is inconsequential 
will react strongly to being considered in violation of normal behavior in their community. A 
study by the National Bureau of Economic Research in April 2010 indicates that these messages 
may backfire among certain segments of the population. In an electricity conservation program 
where customers were given feedback on their own and peers‘ electricity usage, they found that 
―a Democratic household that pays for electricity from renewable sources, that donates to 
environmental groups, and that lives in a liberal neighborhood reduces its consumption by three 
percent in response to this nudge. A Republican household that does not pay for electricity from 
renewable sources and that does not donate to environmental groups increases its consumption 
by one percent.‖  

Frequency of Billing 
Some have hypothesized that infrequent billing is an obstacle to conservation efforts. Customers 
who receive a water bill every three months or six months will be less likely to respond to price 
signals, or so the thinking goes. While we believe this reasoning to be sound, there has not been 
a great deal of study to back it up. In 2008, a group of researchers in Massachusetts studying 
conservation efforts in the water-stressed Ipswich River basin hypothesized that ―more frequent 
water bills would enable customers to recognized sharp increases in water use at the beginning of 
the irrigation season and respond by voluntarily reducing outdoor uses‖.84 They separately 
tracked a group of 500 customers who began receiving monthly bills, where others in the area 
received only two bills per year. The study failed to show that more frequent billing resulted in 
lower water use, perhaps because a drought resulted in regulatory water-use restrictions during 

                                                 
84 Tsai, Y., Cohen, S., and R.M. Vogel, The impacts of water conservation strategies on water use, Journal of 

American Water Resources Association, submitted, November 2009. 
http://engineering.tufts.edu/cee/people/vogel/publications/impacts-water-conservation.pdf  

 

http://engineering.tufts.edu/cee/people/vogel/publications/impacts-water-conservation.pdf
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the same summer. It is possible that other educational outreach efforts may be required in tandem 
with more frequent billing to trigger voluntary conservation. 
 
Real-time feedback 
Some utilities are beginning to upgrade water meters to so-called ―smart meters,‖ which are a 
part of what goes by the terms AMR for ―automated meter reading‖ and AMI for ―advanced 
metering infrastructure.‖ These types of metering systems can automatically transmit usage data 
to the utility, saving the time and expense of deploying meter readers. Another advantage is 
providing customers greater knowledge and control of their water use.  
 

Figure 88: Prototype online user interface for a smart water meter. (Courtesy of the East Bay 
Municipal Utility District.) 
 
California‘s experience with electric ―smart meters‖ will be a useful guide as we move forward 
with smart water meters.  A key element of at least one brand of AMI meters is their ability to 
provide real-time data on water use through a monitor installed in the home, normally on the 
refrigerator with a magnet.  This system also has a ―leak‖ detection alert. 
 
A Silicon Valley entrepreneur has launched a company called Aguacue to promote a real-time 
flow measurement technology similar to the one used in this study. The company‘s product 
consists of a measurement device they call a ―barnacle‖ that attaches to a water meter and online 
software that helps customers to monitor and better understand their water use patterns. Since 
there are no products available to measure end uses of water at home, this may help people to get 
a better idea of how much water they are using for different purposes.  
 
A study conducted by California State University, San Marcos, of households in Carlsbad near 
San Diego, revealed that customers who received real-time feedback and information about how 
much water their neighbors were using cut their water use significantly:  
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―...those who got the feedback used 20 percent less water compared with the same period the 
year before. The control group reduced its water use by only 11 percent compared with the 
previous year. The results also suggest that people who were already interested in reducing their 
water use before the study began, conserved the most once they got the devices and software.‖85 

                                                 
85 Moss, Andrea, ―Study's results show feedback helps water customers conserve.‖ North County Times, October 4, 

2009.  
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CHAPTER 11 – CONCLUSIONS AND 
RECOMMENDATIONS  

 
The research team offers the following conclusions and recommendations.   

Conclusions 
Since the signing of the original Memorandum of Understanding, the water agencies in the State 
of California have made a concerted effort to implement water conservation programs.  These 
efforts have clearly paid off in the form of reduced water use.  The data collected for this study 
has shown that indoor water uses have been reduced by 13% compared to the 1997 demand 
patterns.  The penetration rates of toilets has increased to the point that 60% or more individual 
units are ULF or better models, and 30% of all homes appear to be fully equipped with toilets 
that are flushing at two gallons per flush or less. Similarly, 30% of homes now have clothes 
washers that use 30 gallons per load or less, and these volumes are falling continuously as newer, 
more efficient models come on the market.  Showers appear to be fully saturated with 2.5 gpm 
devices.  The areas where the most interesting challenges persist are in managing leaks (and 
continuous uses that appear to be leaks) and eliminating excess irrigation applications. 
 
The fundamental conclusion of this report is that there has been significant progress made in 
single-family water conservation.  Indoor use, normalized for a family of three has declined by 
13% since the REUWS study was completed. The data show, however, that there is still a 
significant amount of remaining potential available.  This is true for both indoor and outdoor 
uses.  Tapping these potential savings could represent a major portion of the conservation 
savings goals for the state. 
 
In the most conservative case, indoor savings are estimated at approximately 20 kgal per year per 
household and outdoor savings at 25 kgal per household per year.  This equates to 45 kgal per 
household per year, or 1.2 MAF for the households in the state.  These savings represent 27% of 
the baseline single-family demand.  In the most aggressive conservation program investigated, 
the total household savings are 40 kgal per household indoors and 40 kgal per household 
outdoor.  In this case the total savings from the single-family category would amount to 2.18 
MAF per year, which equates to 50% of the baseline demand.   
 
Savings associated with the conservative estimates could probably be achieved without making 
any major adjustments to lifestyles, but they would require some technological and 
programmatic advances.  The primary indoor challenge is to develop ways to eliminate the long 
term ―leakage‖ patterns seen in some homes.  Our assumption is that most of these are true leaks 
or malfunctions of some sort.  Some additional work needs to be done to determine if there are 
legitimate uses (such as water treatment, medical or other uses) that require a constant flow of 
water.  If these uses are avoidable they would reduce overall indoor water use significantly.  
There are devices on the market for detecting and interrupting these types of flows that should be 
investigated.  For outdoor uses the challenge is to find ways of eliminating over-irrigation for 
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customers where it is occurring, without simultaneously causing irrigation use to rise for 
customers who are under-irrigating. 
 
The more aggressive conservation scenarios would require increasingly lifestyle changes.  
Additional work needs to be done to determine how these scenarios might be accomplished 
technically, economically and from the perspective of customer acceptance.  This report did not 
deal with cost-effectiveness analyses. 
 
The savings projections made in this study are based on clearly defined assumptions and 
parameters.  They are theoretically possible to achieve, and have been demonstrated to be 
achievable in pilot studies. Only future studies and efforts by agencies working with their 
customers in practical situations will demonstrate how achievable they may be and what 
techniques are most promising.  It is clear, however, that the more valuable water becomes the 
more cost-effective the conservation efforts will prove.  
 
These average savings estimates are not evenly distributed over the population.  In most homes 
the savings potential is smaller than the average, but in a few homes it is far larger than the 
average.  The skewed nature of both water use and potential savings is another key finding of 
this report, and has important implications on how to best achieve water savings in the most 
practical manner and in program design. 
 
The water use in the study homes matched the water use of the populations from which they 
were drawn in both average and median annual water use.  While geography was not one of the 
selection criteria, in cases where it was checked, as, for example in San Francisco and Los 
Angeles, the proportion of study homes in zip codes was found to match the percentage of 
single-family customers therein.   
 
The research team believes that in general the study homes in this sample were fairly typical of 
single-family homes in the state.  Exceptions to this were found in that the average occupancy of 
the study homes was slightly larger than the statewide population and the income of the study 
homes was higher than for the state as a whole. The savings estimates in the study have been 
corrected to account for these differences. 
 
The basic sample of 60 homes per study site uniformly provided sufficient accuracy in results 
such that the 95% confidence intervals around the mean values of end uses was less than 10% of 
the mean, and provided sufficient accuracy to detect whether changes in the mean use were 
statistically significant and whether the percentage of homes complying with efficiency criteria 
were significant.  The pooled sample group provided a more than adequate data set for 
performing the indoor and outdoor modeling on a range of explanatory variables. 
 
The errors and inaccuracies in the data and analysis were unavoidable given the available data 
and the fact that water use was being disaggregated by examination of a flow trace from a single 
water meter.  The errors in the data, however, were mainly random in nature, creating plusses 
and minuses in the results, and we do not believe significant systematic errors occurred.  
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The data collected for this study reveal a wide array of details about single-family household use 
in the study homes and by extension for California, and how these uses have changed over time.  
Some of the key findings are: 
 

 The annual water use in the 1.3 million single-family customers from which the study 
sample was selected was 132 kgal (176 CCF) per year. This is equivalent to 361 gphd.  
Based on the average occupancy of 2.94 persons per home, this equates to an average per 
capita use of 123 gpcd for annual single-family use. 

 Analysis of the data on an annual and seasonal basis indicates that that 47% of the single-
family household use was for indoor uses and 53% was for outdoor uses.  This equates to 
62 kgal per year for indoor uses and 70 kgal per year for outdoor uses, averaged over all 
single-family households in the study. 

 Based on data logged consumption, the total indoor water use for the study homes was 
175 gphd, which was statistically similar to both the indoor use for the entire REUWS 
group, which was 177 gphd, and just the California homes from the REUWS, which was 
186 gphd.   

 The only continuous variable found to be significant with respect to predicting indoor 
water use was the number of residents living in the home. The age of the home, 
household income, number of bedrooms or bathrooms, and the size of the home were not 
significant predictors. 

 Indoor water use is not linear with respect to the number of residents, but follows a power 
curve relationship, with the exponent of the equation less than 1.0.  

 When corrected for the number of occupants by normalizing household demands for a 
family of three, the indoor water use from the current study group was 13% lower than 
for the REUWS group. 

 As an efficiency benchmark, this study used the data from the EPA Retrofit Study, which 
showed the water use in homes that had been retrofit with high-efficiency fixtures and 
appliances.  The average indoor use for the Retrofit group was 107 gphd, although for 
projections of savings, we only sought to obtain savings down to the level of 120 gphd in 
order to be conservative. 

 There were eight indoor end uses identified, five of which are major end uses:  
o toilets (20%) 
o clothes washers (18%) 
o showers (19%)  
o faucets (18%)  
o leakage (16%)   

These account for 91% of indoor uses by volume. Baths, dishwashers and other uses 
make up the remaining 9%. 

 Of the eight indoor end uses analyzed in this study:  
o Two categories, toilets and clothes washers, showed unambiguous reductions in 

use compared to the REUWS sample. 
o Four categories, showers, faucets, leaks and baths showed increased usage.  
o Two categories: other (miscellaneous) uses and dishwasher uses remained 

unchanged. 



California Single-Family Water Use Efficiency Study  6/1/2011 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 277 

 
There were 122,869 toilet flushes recorded in the flow trace database.  
 

 According the survey data 67% of all of the toilets in the study group are ULF or better 
devices.  The data show that this rate of penetration still leaves the majority of homes 
flushing above the 2.0 gpf threshold, which is due to a combination of the mixtures of 
high volume and ULF toilets in the homes, and the fact that many ULF design toilets 
clearly flush at more than 1.6 gpf. 

 In 1999, when the REUWS was published, only 22% of all toilet flushes were at 2.5 gpf 
or less. In this study 59% of all flushes are at 2.5 or less.  That represents a major 
improvement and demonstrates the benefits of the conservation efforts that have been 
made. 

 The household use for toilet flushing decreased from 45.2 gphd in the REUWS to 37.7 
gphd in this study.  

 The average toilet flush was 2.76 gallons per flush, which compares to an average flush 
volume of 3.48 gpf in the REUWS data.  The median flush volume was 2.45 gal.   

 It appears that 75% of all homes have at least one ULF or better toilet and 25% do not. 
 Overall, 30% of the houses had average toilet flush volumes at 2.0 gpf or less.  The 

remaining 70% of homes have a mixture of toilets and would benefit from additional 
toilets upgrades or repairs.  

 The data show a clear improvement in the water use efficiency for toilet flushing, but 
they also show that there is still a considerable amount of remaining potential available. 

 The toilet flush data in this study suggest that around 30% of the homes use ULF or 
better toilets exclusively, 25% of the houses do not use ULF or better toilets to a 
significant extent, and 60% of the toilets in the population are ULF or better devices. 

 
There were 7,935 loads of clothes identified from the flow trace data during the logging study. 

 The data show clear improvements in clothes washer efficiencies. 
 In the REUWS group only 1% of the loads were washed at 30 gallons or less. The current 

data show that 29% of all homes use 30 gpl or less.  
 The household water use for clothes washing dropped from 39.3 gphd in the REUWS to 

33.2 gphd in this study. 
 The average gallons per load was 36 gpl, which compared to 40.9 gpl in the REUWS 

study. 
 If all clothes washers were high-efficiency devices, which in this study was set at only 30 

gpl, the household use could be reduced to less than 20 gpd for clothes washing.  
Obviously, if lower wash volumes provided by the more recently produced machines 
with lower water factors this would drop further. 

 
There were 17,334 showers recorded during the logging study 

 The household use for showering increased from 31.9 to 35.3 gphd from the REUWS 
group to this. 

 The average flow rate for the showers was 2.14 gpm, which is less than the 2.5 gpm 
standard. 
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 The average minutes per day for showers in the homes was 17.1 minutes.  At 1.7 gpm 
this would require 29 gphd for showering, which gives an indication of the potential for 
conservation from shower heads when compared to the 35 gphd recorded use. 

 The average volume of water used for showers in the homes was 18 gallons per shower.  
This is approximately the volume required to fill up a standard bath tub with someone 
sitting in the tub. 

 
During the 9,021 days logged in the study period the average volume of events classified as leaks 
or leak-like events was 30.8 gphd.  

 Only 7% of the homes showed volumes for leaks and leak-like events at 100 gpd or 
more, but these homes were responsible for 44% of the total volume assigned to leakage.  
A few of these homes may have devices such as reverse osmosis systems that are being 
run continuously, and this needs further study. 

 The leaks in homes with 100 gpd or more of leakage tend to be of long duration, which 
would lend themselves to interruption by various devices currently on the market. 

 The regression model of leakage showed a 12.8 gphd difference in leakage between 
manual and sprinkler irrigators.  This implies that a significant percentage of the observed 
leakage was due to leaky irrigation systems. 

 Elimination of these long and large volume ―leak‖ events should be a high priority for 
making residential water use more efficient. 

 If there are devices, such as whole house reverse osmosis systems, that create a 
continuous demand these should be documented, and criteria established for categorizing 
their use. 

 
In terms of the number of events per day, faucets rank number one.  

 There was an average of 57 faucet events per day in the homes, which lasted an average 
of 37 seconds at a flow rate of 1.1 gpm.  

 Faucet use appears to be reduced by having a dishwasher. 
 The presence of a disposal also was associated with decreased faucet use, which was not 

anticipated. 
 Faucet use accounts for 33 gphd, up slightly from the REUWS sample of 26.8 gphd.  
 A combination of reduced flow rates and devices to reduce flow durations are probably 

the best approach to reducing faucet use. 
 
The data show an increase in the penetration rates of water efficient devices in the homes. 

 In the REUWS group, only 1% of homes met high-efficiency clothes washer criteria and 
10% met efficient toilet criteria.  

 The current data show that 29% of the California homes meet clothes washer criteria and 
30% meet toilet criteria. Nearly 80% of all homes meet shower criteria. 

 It is safe to conclude that approximately 30% of all clothes washers in the single-family 
group are high-efficiency, since there is normally only one washer per home. 

 Since there are multiple toilets per home the percentage of these devices that are efficient 
would be substantially greater than the 30% percent of homes meeting the efficiency 
criteria.  The data suggest that a 30% household efficiency rate is equivalent to at least a 
60% toilet fixture rate. 
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 The quantification of the precise percentage of ULF or better toilets in the study group is 
complicated by the fact that ULF toilets often flush at more than 1.6 gpf. 

 
The average outdoor use for the group as a whole was 80.6 kgal (108 CCF) per year. 

 Approximately 87% of the homes in the sample appeared to be irrigating, or using 
significant amounts of water for outdoor purposes. 

 The split between indoor and outdoor use, while variable from site to site averaged 
approximately 40% indoor to 60% outdoor for the houses that were irrigating. 

 Irrigation use is more heavily skewed by large users than is indoor use.  The top half of 
the irrigators (those using more than the median use of 67 kgal per year) account for 
approximately 75% of the total outdoor use. 

 The average irrigated area on these lots was 3,631 sf while the median area was 2,634 sf.  
 There was a fairly good relationship between lot size and irrigated area for these homes 

which were included in the outdoor analysis. 
 The actual application rate for the sites equaled 58.3 inches, compared to the average ET 

requirement of 42.1 inches, implying that the overall application ratio was 138% of the 
required irrigation amount, but this was not evenly distributed. Most homes are not over-
irrigating. 

 Roughly 50% of the irrigators, 42% of all homes are over-irrigating. 
 The average volume of over-irrigation was 27.9 kgal per year for all irrigators. 
 The average excess irrigation on just the lots that were over irrigating was 60 kgal. 

 
Since most of the water agencies were following similar practices in their water conservation 
programs it was difficult to identify differences in water use patterns that could be attributed to 
individual conservation programs. 
 
Most of the survey respondents had little knowledge about how much water they use or how 
much money they spend on water. Most respondents also did not consider price when deciding 
how much water to use either indoors or outdoors.  Only 16% of respondents agreed with the 
statement ―I conserve water mainly for environmental reasons,‖ while 80% of respondents 
disagreed with this statement. This may simply point out that there are more reasons for 
conserving water than just the environmental benefits.  
 
The factors that were found to be significant in modeling indoor water use were:  

 the number of residents in the home,  
 whether there was a significant leak,  
 whether youth were present, and  
 the presence of high-efficiency fixtures and appliances.  

 
The factors that affected outdoor use included: 

 ET,  
 irrigated area,  
 household income,  
 landscape coefficient,  
 pool,  
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 sprinkler system,  
 Whether the home is over-irrigating. 

 
The water use models derived from the study data were used to project water use and water 
savings for the general population of single-family homes across the state. As shown in Table 
105, these resulted in projected water savings ranging from a low of 1.21 MAF per year to a high 
of 2.18 MAF per year of water from the single-family customers. This equates to 27% to 50% of 
the baseline single-family demands.   
 
The data lead to the conclusion that in order to achieve maximum savings the following things 
would need to be done: 

 Reduce average indoor water use from 175 gphd to somewhere between 105 and 120 
gphd. 

o Reduce average leakage to less than 10 gphd. 
o Install HET toilets over time. 
o Use high-efficiency clothes washers in all homes. 
o Use water smart shower-heads at 1.7 gpm, where compatible with existing 

plumbing so as to avoid scalding hazards due to incompatible flow rates.   
o Reduce faucet run times by >10%. 

 Reduce outdoor use to an average of 46.7 kgal per year from current average of 86.1. 
o Reduce rate of over-irrigation from 50% to 25% of irrigators. 
o Reduce landscape ratio from 0.96 to 0.80. 
o Reduce average irrigated area by 20%, from 3802 sf to 3042 sf. 

 
This study did not deal with the costs to achieve each of these savings or other issues 
surrounding economics or customer acceptance.  The main goal of this study was to quantify the 
potential savings based on an analysis of the water use patterns circa 2007. 
 
The conclusions on water savings included in this study are based on what has been shown to be 
technically feasible with respect to reducing both indoor and outdoor single-family residential 
water use.  The study, however, did not deal with the cost-effectiveness of any individual 
conservation program aimed at making these reductions.  The entire issue of cost-effectiveness 
and the economics of water conservation are topics for future studies. 

Recommendations 
One of the key recommendations from this study is that more attention needs to be given to the 
performance of customers measured by their water use, rather than the counting of activities such 
as rebates, audits and other conservation practices.  Accounting for activities is a necessary part 
of evaluating a conservation program, but it is not sufficient technique on its own.  The approach 
of tracking changes in measured water use is also reflected in the recent revisions to the BMP 
programs, which focus on reductions of water use by the customers.  Such performance-tracking 
could be accomplished by the creation of annual reports that are based on normalized parameters 
(e.g. gphd annual and winter use, gallons per sf of irrigated area) which can be compared and 
tracked over time.  The use of total gallons of water deliveries divided by estimated population is 
too imprecise a measure for good analysis. 
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The State of California has specified that per capita water use is to be used as the primary 
measure of water use efficiency.  The 20% reduction in water use called for by the legislature 
means that the per capita water use is to decline by 20%.  Barring a massive increase in the 
number of residents per household, a 20% reduction in single-family per capita water use is 
equivalent to a 20% reduction in household water use.  
 
Since it is difficult to accurately determine the population served, and small errors in these 
estimates can change per capita use estimates significantly we recommend that the procedure 
used in this study be followed, where household use is first analyzed for scientifically selected 
samples of customers, and then normalized on the basis of population.  This technique made it 
possible to identify a 13% reduction in indoor water use shown in Table 73, which was not 
evident in just the raw household use data. 
 
The number or residents per household is a highly significant factor in predicting indoor water 
use.  The fact that this relationship is non-linear has implications for the establishment of water 
budgets.  Since the water use does not rise proportionally with the number of persons in the 
home then establishing water budgets in a linear manner will results in artificially large budgets 
for larger households and inadequate budgets for small households. Some agencies, such as 
IRWD, deal with this by providing a minimum budget based on a default value for their 
residences. 
 
Use of household consumption as a primary performance indicator implies that when evaluating 
the effectiveness of a water conservation program, actual levels of household use by residential 
customers must be determined, and that a reduction of these numbers should be demonstrated 
based on a standard number of residents. This reduction in household (and per capita) use should 
be given more weight than the numerical BMP implementation numbers as is required by the 
revised MOU.  
 
The notion that water savings due to specific BMPs such as toilet and clothes washer retrofits 
will automatically carry through as household water use savings is supported by this study.  The 
study showed that there was a total reduction in toilet and clothes washer use of nearly 17 gphd, 
but that indoor water use did not decline by this amount. These data show that water savings 
from installation of higher efficiency devices tended to get obscured by increased water use 
elsewhere.  This may be an example of the rebound effect (also known as the Jeavons paradox).  
This is an area that needs additional work, and should be pursued. 
 
Water agencies should keep track of and report the number of single-family accounts, their 
average and median annual use, seasonal use and non-seasonal use.  This will allow household 
water use to be continuously compared against known efficiency benchmarks to see how well the 
conservation targets are being met.  
 
It would also be very useful if water agencies could expand their customer information systems 
to include the number of residents per home, irrigated areas, and other key parameters shown to 
be important for predicting water use in CHAPTER 9.  This would make it possible to make 
adjustments to billing data information as needed to account for changes in these key parameters 
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so that changes, say in the number of persons per house, do not mask or masquerade as changes 
in efficiency. 
 
The data in this study indicate that logical goals for indoor water conservation should be to 
achieve consumption levels of 120 gallons or less per household per day for an average home.  
Outdoor goals should be based on halving the occurrence of excess irrigation, design of 
landscapes that have landscape factors no greater than 0.8, and where more aggressive measures 
are needed, a reduction in irrigated area.  Each community will need to decide which of these it 
wishes to emphasize based on local policies. 
 
This study did not deal with the costs of achieving specific efficiency levels, only the technical 
feasibility of doing so.  Additional studies need to be done to quantify the types of measures that 
could lead to the target efficiency levels and the costs of their implementation.  It is possible that 
many of these can be developed that involve little or no cost to the customer or agency.  As the 
marginal cost of water increases, so will the value of conserved water and the cost-effectiveness 
of water conservation efforts. 
 
The fact that, according to the survey, few customers are even aware of the cost of water or how 
much water they are using suggests that there may be benefits from using rate structures that 
send strong price signals for customers that fall into the excess use category. Communication of 
this over-use (and hopefully avoiding it) could be improved by implementing improved methods 
of providing real-time information to the customers on their water use. 
 
Even though there are problems in doing so, it would make sense to express water bills in terms 
of gallons instead of billing units (hundreds of cubic feet).  Customers find billing units or CCF 
to be highly confusing and do not know how to interpret the information.  Given that water-using 
devices in the home are measured in gallons, the basic unit of measurement in the United States, 
is seems reasonable to bill in units of gallons where practical to do so. 
 
We know of no better way of sending price signals than by developing water budgets linked to 
indoor and outdoor use.  The results of this study show clearly that the water savings available in 
the population derives from a relatively small number of users.  This is especially true for highly 
skewed categories such as leakage and excess irrigation use.  It is very inefficient and difficult to 
devise programs to be applied to the general population in order to reach a small number of 
customers.  Water budgets automatically identify the customers in need of attention, and provide 
incentives to the customers to address their water use problems in the form of price signals. 
 
To the extent that water budgets or highly tiered water rates are used, it becomes more important 
to provide the customers with real-time information on their water use.  Fortunately, there are an 
increasing number of ways to do this as more systems install AMR/AMI metering systems.  
Providing customers with targets from their water budget and feedback on their real-time 
consumption should be considered as two sides of the same coin. 
 
Even though significant progress has been made in the areas of clothes washers and toilets, just 
less than one third of the potential has been achieved for these devices.  So, continued efforts 
need to be made in upgrades to HET devices and repairs of malfunctioning units. That does not 
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mean, however, that this necessarily involves rebates.  Building codes, water budgets, retrofit on 
sale ordinances and other incentives may be a more cost-effective method of accomplishing 
upgrades and replacements of obsolete devices.   
 
Additional research should be done on the degree to which toilets that are rated as ULF models 
are actually flushing at their design levels, and on ways to correct the problem of over-flushing 
through repairs and design changes. A significant number of toilets in this study that were 
flushing between 1.6 and 3.5 gpf may be malfunctioning ULF devices. 
 
Leakage is a category that has increased as a dilemma.  Leaking water does nothing useful, and 
should be eliminated to the degree practical.  There are increasingly effective technical devices 
such as smart meters, and sensor linked valves that are capable of recognizing and interrupting 
leaks.  The issue of what types of ―uses‖ of water may be creating continuous demands that 
mimic leaks also needs further investigation.  A water budget rate structure is effective at leak 
reduction by making the customer aware of their excess consumption through their bills. 
 
Faucet use has also been shown to decrease with the presence of dishwashers and disposals, and 
with increased knowledge about water use and costs.  One-touch faucets and hands-free faucet 
controllers could help shorten the duration of faucet events.  Clearly these are expensive devices 
which would have to be introduced on a voluntary basis, subject to customer acceptance and 
after additional investigation.  
 
The data showed a strong correlation between automatic sprinkler systems and leakage.  One 
excellent way to reduce leakage in sprinkler systems is to equip these systems with master valves 
which de-pressurize the system when active irrigation is not taking place.  When a zone valve is 
open this acts to reduce pressure in the system so most of the water goes to the actively irrigating 
zone.  When all zone valves are closed, the pressure in the system rises, and any leaks are 
exposed to the full static pressure of the system.  These leaks will continue indefinitely.  A 
master valve, however, shuts off the water at the top end of the system, and will eliminate 
leakage. Master valves should be required on all automatic sprinkler system to the extent it is 
practical to do so. 
 
Adopting more aggressive building codes provides an opportunity to ensure that new homes 
constructed in the state use the best available technologies described above.  The most practical 
time to install water conserving devices is when the home is built. The CalGreen building codes 
were adopted in California in 2010.   
 
The results of this study suggest some items that should be considered for new homes and 
retrofits of existing homes: 

 WaterSense fixtures and appliances. 
 High-efficiency clothes washers meeting Tier 2 or 3 standards of the Consortium for 

energy efficiency. (i.e. using 4.5 gal/cf or less of water per load) 
 Hands free faucet controllers, or other devices for limiting run times, for kitchen and 

bathrooms should be investigated to determine their effectiveness in reducing faucet use 
and the acceptability to customers. 

 Real time feedback on water use for the customer. 
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 Devices that sense and interrupt continuous uses of water due to leakage. 
 Master valves on irrigation systems. 
 Landscapes that have landscape factors or 0.8 or less. 
 Appropriate limits on irrigated areas. 
 Systems that discourage over-irrigation while allowing deficit irrigation to continue. 
 Water budgets for all single-family residential customers based on WaterSense criteria 

for indoor uses and locally appropriate water conserving landscapes outdoors. 
 
The State of California has adopted a goal of reducing per capita water use by 20% by the year 
2020.  Single-family residential water use can meet or beat this goal by reducing waste and 
leakage, use of high-efficiency fixtures and appliances, reducing the number of  customers who 
are over-irrigating and by making modest modifications to landscape plant material and irrigated 
area. 
 
Efforts at improving single-family residential water use efficiency should not be discontinued, 
but should be refocused on achieving measurable reductions in household water use towards the 
efficiency benchmarks described in this report.  By doing so in an aggressive manner, savings 
from 1.2 to 2.2 million acre feet per year are achievable from existing single-family households. 
 
The approach of sampling scientifically selected groups of customer and collecting highly 
detailed information on their water use and other characteristics could provide a way of 
understanding baseline use and changes in water use patterns in the state‘s single-family 
customers on a much timelier basis than reliance on reports prepared from billing data.  Small 
changes in water use can be identified using the data logging technique, which are not apparent 
from billing data analysis.  Just as the comparison between this study and the 1997 REUWS 
results provided information on changes in residential water use, future studies using similar 
techniques can provide additional information on how water demands in the single-family sector 
are changing during coming years.  
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Preface to the Revision 
 
 
The present revision to the Cost and Savings Study has taken place in two parts.  This 
document contains both parts, completed in the first and second year respectively of the 
revision process.  The following sections have been revised—or added to—the Cost and 
Savings Study. 
 

• A new chapter on Program Cost Accounting has been added (Chapter 3) 
• Section 1 has been slightly revised to include two new tables—one regarding BMP 

requirements and the other summarizing costs and savings.  The matrix table has also 
been revised to reflect the additional conservation devices and activities. 

• A new section for each of the following topics 
o Conservation Pricing 
o ET Controllers 
o Food Service Equipment 
o Film Processing (X-Ray) 

• A revised section on the following topics: 
o High Efficiency Washers 
o Hot Water on Demand and Circulating Systems 
o Metering 
o Large Landscape 
o Residential Ultra Low Flow Toilets 
o CII Ultra Low Flow Toilets 
o Residential Surveys 
o CII Surveys, Cooling 
o System Audits and Leak Detection 
o Residential plumbing retrofits (minor revision) 

 
Other sections of the document remain unchanged. 
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1 Introduction 
 
 
1.1 Purpose and Caveats 
 

The California Urban Water Conservation Council (CUWCC) is charged with 
implementing The Memorandum of Understanding Regarding Urban Water Conservation in 
California (MOU). To this aim, CUWCC developed and published its “Guidelines to Conduct 
Cost-Effectiveness Analysis of Urban Water Conservation Best Management Practices,” in 
1996, which hereafter is referred to as the “CEA Guidelines”.1  CUWCC’s Measurement and 
Evaluation Committee commissioned this report to extend the previous efforts at developing 
methods and data to enact the economic analysis provisions of the MOU. 

 
What this document attempts to do: 

 
• To supplement CUWCC’s existing CEA Guidelines by explicitly linking conservation 

program costs and water savings to the MOU’s set of Best Management Practices 
(BMPs); 

• To identify and summarize the best available information about program costs and water 
savings; 

• To assess the reliability and generalizability of information currently available for 
quantifying and valuing conservation activity and for preparing cost-effectiveness 
exemption claims; and 

• To identify the absence of, and note critical deficiencies in, cost and savings estimates 
needed to quantify and to gauge the cost-effectiveness of specific BMPs. 

 
What this document does not do: 
 

• Provide or endorse the use of single, uniform estimates of programs costs and water 
savings.  Differences in each agency’s service area characteristics preclude a 
‘cookbook’ approach to calculating the costs and the effectiveness of conservation 
programs.    

• Pretend to provide definitive or complete estimates.  Indeed, a conscious effort has been 
made to highlight the limitations of currently available estimates of program costs and 
water savings.2  

• Repeat material already covered in the companion, CEA Guidelines. 
 
 
 
 
 
 
                                                 
1 See “Guidelines to Conduct Cost-Effectiveness Analysis of Urban Water Conservation Best 
Management Practices,” prepared by A&N Technical Services for CUWCC, September 1996. 
2 The Measurement & Evaluation Committee strongly recommends that the CUWCC consider ways of 
remedying these deficiencies and that the information in this document be reviewed and updated on an 
annual basis. 
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Caveat: Generalizability3 

 
 The conservation savings estimates summarized in this document are drawn from a 
variety of studies conducted using different methods (e.g., engineering estimates developed in 
laboratory settings versus measuring changes in actual household water use following a ULFT 
retrofit); at different times (e.g., during versus after a drought episode, or during the earlier 
versus later stages of market saturation); in different geographic regions; and for different 
customer groups (e.g. owners versus renters; residential versus non-residential sectors). 
Careful thought should always be given to factors that may limit the applicability or 
generalizability of the cost and savings estimates developed by the studies summarized in this 
document.  In some cases, it may be necessary to use service area specific information or 
professional judgment to adjust the estimates reported in this document to more meaningfully fit 
the distinctive characteristics and circumstances of different service territories.  When making 
such applications and judgments, one must bear the burden of showing that they are warranted, 
reasonable and appropriate. 
 

Caveat: Economic Terminology 

Often, the cost-effectiveness of conservation is expressed in dollars per unit (for 
example, $/AF).  Note also that conservation activities are often referred to as “cost-effective” if 
they have dollar valued benefits that exceed costs (for example, positive net present value, 
NPV).  This mix of usage has led to some confusion regarding the distinction between “cost-
effectiveness analysis” and “cost-benefit analysis.”  The MOU, for example, defines a BMP as 
“cost-effective” when the present value of its benefits exceeds the present value of its costs—
that is, when NPV is positive.  The CEA Guidelines closely follow the original MOU 
nomenclature.  In contrast, this document employs nomenclature intended to more formally, and 
more properly, distinguish between cost-benefit analysis and cost-effectiveness analysis.  We 
also seek to clarify the distinction with definitions (below) and the example presented in 
Appendix A. 
 

Caveat: Common Errors in the use of Conservation Savings Estimates 
 

The following list of common errors is important to remember at the outset of an analysis 
of conservation savings: 
 

• Not accounting for ongoing savings due to natural replacement; 
• Not identifying whether savings are “net” of other possible causes aside from the 

conservation program under consideration; and 
• Not accounting for the decay in conservation savings, should such decay exist. 

 
                                                 
3 In addition to the issue of generalizability, studies of conservation savings and costs need to be 
concerned with threats to reliability and validity.  Has random measurement error contributed to incorrect 
statistical conclusions?  Has an event occurred in the test period that could influence the outcome of a 
study?  We urge the careful consideration of such questions when drawing on the results summarized in 
this document to analyze water savings of BMP conservation practices.  This document only begins the 
discussion of reliability, validity, and generalizability of savings and cost results; future research is needed 
to address these issues rigorously. See also Hollis, M., A. Bamezai, and D. Pekelney, “The Reliability and 
Validity of Conservation Measures,” Proceedings of the American Water Works Annual Conference 
(1998). 
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1.2 Definitions of Key Concepts Used in this Report 
 

This section seeks to standardize the language used to discuss and describe 
conservation BMPs and their analysis.  Thereby, we hope to minimize ambiguous 
communication and to move toward standardized BMP cost-effectiveness reporting: 
 

A conservation device is a piece of equipment or hardware used to conserve water.  
Low-flow showerheads, ultra-low-flush toilets (ULFTs), and cooling tower controllers are 
examples of conservation devices. 
 

A conservation activity is an action performed to conserve water.  Water audits and 
surveys, irrigation timer adjustments, leak detection, public service announcements, and school 
education programs are conservation activities.  Some, but not all, conservation activities may 
involve the installation of conservation devices (for example, residential surveys that include 
installation of low-flow showerheads). 
 

A conservation program is a means by which devices are installed and activities are 
performed.  Examples of programs include ULFT rebate programs to promote installation of 
ultra-low-flush toilets and commercial, industrial, and institutional (CII) survey programs to 
promote more effective adjustment of cooling tower controllers.  When considering costs, it is 
important to address the administrative time and overhead related to the delivery of devices and 
activities. Likewise, when considering savings, it is important to distinguish between various 
program delivery mechanisms if these options result in different amounts of water saved. 
 

Important perspectives of analysis include the total society perspective, the supplier 
perspective, the supplier perspective with cost sharing, and the customer perspective.  The total 
society perspective concerns itself with summing all of the costs and benefits to society.  The 
supplier perspective is concerned with summing the cost and benefits to the supplier, with and 
without cost sharing with other agencies such as wastewater agencies.  Likewise, the customer 
perspective sums the costs and benefits to customers—both those participating in the program 
and those not participating.  Chapter 1 of the CEA Guidelines describes the perspectives of 
analysis most central to the MOU’s exemption process, including the total society perspective, 
the supplier perspective, and the supplier perspective with cost sharing.  One of the goals 
of this document is to assemble data for the supplier and total society perspectives. 
 
 Perspective of analysis is one of several key factors that influence the estimation of 
costs and water savings of water conservation programs.  Other key factors include the natural 
replacement rate of conservation devices and the existence of uniform plumbing standards.  In 
what follows, this section defines these factors and describes ways to account for them when 
analyzing the costs and benefits of BMPs. 
 
 The benefits of water conservation programs include all of the positive results of 
program efforts to increase water use efficiency.   Benefits are determined first by measuring 
water savings, which are quantified in physical units (e.g., gpd) by comparing water 
consumption with and without conservation devices or activities. When conducting cost-benefit 
analysis, water savings are expressed in dollar terms.  The dollar value of water savings is 
determined by assessing factors such as the avoided costs of water supply and the avoided 
costs of wastewater treatment.  Benefits also include environmental benefits; for an introduction 
to environmental benefits valuation readers should look to the CEA Guidelines. 
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When determining conservation savings, it is important to identify incremental savings 

that the program produces—that is, water savings that would not have resulted without the 
program.  Active conservation refers to incremental savings resulting from supplier-assisted 
conservation programs.  Passive conservation refers to water savings resulting from customer 
actions and activities which do not involve, or depend on, direct assistance from supplier-
assisted conservation programs. The additional increment of active conservation above passive 
conservation is the savings needed for cost-effectiveness calculations of suppliers’ programs.  
Consider, for example, the water savings resulting from replacing an older toilet with a new 
water efficient model.  If the replacement would not occur otherwise, but is motivated by a utility-
sponsored rebate program, the resulting water savings should be counted as active 
conservation.  But if the customer replaces a broken toilet that needs to be replaced 
immediately even without the rebate program, the savings should be counted as passive 
conservation.4   The difference between active and passive savings has a direct bearing on 
program cost-effectiveness. 

 
Customers who participate in a rebate program, but who would have conserved without 

the program, are known as free riders.  When assessing program cost-effectiveness, water 
savings accruing as the result of program participation by free riders should not be credited to 
the program.  In other words, savings from installation of conservation devices by free riders 
does not represent an additional increment of savings due to the program.  For this reason, free 
riders reduce the cost-effectiveness of utility-sponsored conservation programs. 

 
If there is no water efficiency plumbing code or other standards, then there may be 

competing technologies for water consuming appliances such as washing machines, and not all 
of the competing technologies may be water efficient.  In this circumstance, rebate programs 
may influence not only the customer’s decision of when to replace an appliance (acceleration of 
savings), but also the decision of what to purchase.   Incremental savings are thus the sum of 
savings due to acceleration of replacement and savings due to the choice of high efficiency 
technologies (for example, a high efficiency clothes washer).5 
 

Where possible, this report relies on field studies and impact evaluations.  The 
important distinction between field studies and mechanical/engineering estimates is that field 
studies measure conservation savings in actual use rather than in the lab or on the design table.  
Field studies are designed to account for variable human behavior, physical performance decay, 
and other factors encountered in the field. 
 

There are at least three factors intervening between potential savings estimated by 
engineering/mechanical calculations and actual (or realized) savings measured in field studies: 

 
• Whether the measure is actually implemented--something that can only be known with 

certainty through independent, on-site verification; 
• Validity issues—for example, ANSI sanctioned tests used to measure ULFT flushing 

performance may not validly capture the dynamics of in-home use; and  
• Discretionary behavior—for example, increasing shower time after retrofitting a shower 

with a low-flow showerhead. 

                                                 
4 Plumbing codes, city ordinances and discretionary behaviors influenced by a personal “conservation 
ethic” are the most common factors responsible for passive conservation savings. 
5 See Appendix A for a discussion of how accelerated savings affect cost-effectiveness calculations. 
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These and other factors can instrumentally affect the amount of water actually saved by 

a water efficient device.  Where field studies are not available, engineering estimates and 
assumptions are used.  Where neither field nor engineering studies are available, the estimates 
used in this report are based on professional judgment. 

 
The difference between field studies and mechanical/engineering estimates makes it 

important to distinguish between savings potential and actual savings achieved.  For 
example, CII surveys often yield a set of recommendations for conservation devices and 
activities, which—if fully implemented—would yield a certain level of water savings.  But to know 
if these potential savings are actually realized, it is necessary to know if all of the recommended 
measures are actually implemented.  Failure to properly account for the difference between 
potential and actual savings can cause program-related water savings to be over-estimated. 
 

Another important factor in correctly estimating conservation savings involves the 
persistence of savings over time.  Savings may decay over time due to lack of maintenance, 
physical deterioration, and decline in behavioral compliance with conservation activities.  As an 
example of savings decay, large landscape savings often rely on a combination of conservation 
devices, such as timers, leak repair and sprinkler adjustment, and seasonal timer adjustments.  
However, if there is a change in landscape contractors, the behavioral component of these 
measures may be lost without additional training.  An example of high persistence is high 
efficiency washers which do not require additional maintenance or adjustment over time to 
continue conserving water. 

 
The amount of potential water savings available to a utility-sponsored conservation 

program depends, in part, on program timing and scale.   Incremental savings are measured 
relative to a “no program” alternative—that is, the case where the active conservation program 
is not implemented.  If the background saturation rate of conserving devices is increasing over 
time due to passive conservation (for example, plumbing code and natural replacement), then 
active conservation programs will yield diminishing incremental savings.  The expected savings 
from the installation of a conserving device is less as time goes on because on average, there 
will be fewer and fewer low efficiency devices left in the customer population, and thus a lower 
chance of the active conservation program resulting in the replacement of a low efficiency 
device.  This same background saturation rate may account for declining savings over time after 
the device is installed.  The important implication is that declining savings from active 
conservation means declining program cost-effectiveness.  Conversely, implementing a 
program sooner rather than later and increasing the scale of the program may, under certain 
circumstances, increase cost-effectiveness. 

 
 The costs of conservation programs include costs to customers, capital and operation 
and maintenance expenditures for conservation programs, program administration and 
implementation costs, and environmental costs.  The CEA Guidelines provide categories of 
costs that should be included for various perspectives of analysis.  For example, for the total 
society perspective, valid cost categories include participant program costs, supplier program 
costs, and external costs.  Program costs can include staff salaries and overhead; vehicle costs; 
administrative costs to develop, administer, and monitor the program; material costs; and 
marketing. 
 
 Program costs and savings may differ according to program design or “delivery 
mechanism.”  For example, CII surveys may be carefully targeted, which increases both their 
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costs and presumably their potential for conservation savings compared to less carefully 
targeted programs. 
 

It is important to identify the incremental costs of the conservation device or activity.  
For example, when determining the labor costs associated with a conservation program or 
activity, it is important to include overhead. But only that share of overhead associated hours 
actually spent working on the conservation activity should be counted.  If standard overhead 
multipliers include cross-subsidies to unrelated functions, they should be corrected to the extent 
practical. 

 
 Cost-effectiveness analysis (CEA) is the comparison of costs of a conservation device 
or activity, measured in dollars, with its benefits, expressed in physical units (for example, 
$Costs per AF of savings).  Cost-benefit analysis (CBA) is the comparison of costs of a 
conservation device or activity, measured in dollars, with its benefits, expressed in dollar terms 
(for example, $Net Benefits = $Benefits - $Costs).  The most meaningful measure for purposes 
of cost-benefit analysis is net present value (i.e., NPV = $PresentValueBenefits – 
$PresentValueCosts).  NPV compares costs and benefits that occur at different periods of time 
by discounting to determine their present value.  The CEA Guidelines discuss these calculations 
in greater detail. 
 
 Sometimes it is not clear whether to represent a particular item as a cost or a benefit.  
For example, from the customer’s perspective, energy savings that result from some 
conservation devices--such as high efficiency washing machines--imply a reduction in energy 
costs compared to the no program alternative.  Should these energy savings be counted as a 
reduction in costs or as an increase in benefits?  When calculating NPV, it does not matter 
because, whether characterized as a “negative cost” or a “positive benefit” it still will be part of 
the NPV calculation.  However, for cost-effectiveness calculations (i.e., cost per AF), it needs to 
be decided whether to subtract the energy savings from the costs of the conservation program.  
The CEA Guidelines would characterize the energy savings as a benefit, not a cost; for this 
document, we extend this convention. 
 
1.3 Devices and Activities Potentially Applicable to BMPs 
 

Table 1 shows the BMPs contained in the MOU and summarizes the requirements of 
each one.  To fulfill the BMPs, suppliers may put together packages of conservation activities 
and devices.  Table 2 shows categories of conservation devices and activities and indicates 
how they may be related to the BMPs contained in the MOU.  Note that some activities and 
devices relate to more than one BMP.  “X” indicates that the device/activity is widely understood 
to be associated with the BMP or PBMP and “O” indicates potential association.6   
 

Table 2 also illustrates the organization of this report.  The report consists of separate 
sections that contain savings and cost estimates for each device/activity category for which 
water savings have been quantified.  Within each section there is a range of relevant activities 
and devices.  Note that some of the device/activity categories do not have sections in this report 
because they do not currently have water savings quantified.  Rather than obscure the 
limitations of currently available information, this report purposely highlights existing deficiencies 
in an attempt to help the CUWCC identify areas where additional, or improved, information is 
                                                 
6Table 1 is not intended to be proscriptive, authoritative, nor limiting to the creativity of future ways to 
better implement BMPs. 
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needed. The report format leaves room to “fill in the blanks” as additional BMP savings are 
quantified in the future, and as savings and cost estimates are improved.  Indeed, it is strongly 
recommended that the program cost and water savings estimates contained in this report be 
reviewed and updated annually. 
 

For each conservation device/activity category, the report includes: 
• Device/Activity Description 
• Applicable BMPs 
• Available Water Savings Estimates 

- Summary of Savings Estimates 
- Persistence 
- Limitations 
- Confidence in Estimates 

• Program and Device/Activity Cost Estimates 
- Program Costs 
- Limitations 
- Confidence in Estimates 

• Water Savings Calculation Formula(s) 
- Calculations 
- Factors to Consider in Applying the Formula 

• Example Calculations 
• Questions to Ask 
• Sources 

 
The “Confidence in Estimates” sections designate levels of high, medium, or low 

confidence in the reliability and accuracy of specific estimates.  These designations are 
subjective judgments that are meant to indicate the strength of the evidence for savings and 
cost estimates relative to one another.  The “Questions to Ask” sections suggest items to help 
identify important variables to consider when determining BMP costs and savings. 

 
Table 3 provides an illustrative summary of selected costs and savings with references 

to the corresponding section of this document. 
 
 
1.4 Example of CBA and CEA 

 
Appendix A provides numerical examples of CBA and CEA that illustrates their 

differences and the mechanics of their calculation in a spreadsheet.  The examples include, but 
are not limited to, the following topics described so far: 
 

• Perspectives of analysis; 
• Presence or absence of plumbing code (low efficiency alternatives); and 
• Incremental savings and costs. 
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1.5 Known Areas Where Future Research is Needed 
 

The following is a list of areas that require additional future research: 
 

• Savings decay over time 
• Free riders 
• Discount rates 
• Natural replacement rates 
• Device saturation rates 
• The affects of key program design variables like timing, scale, and targeting 
• The types and amounts of costs utilities avoid by implementing conservation programs 
• Expressing program benefits in dollar terms     

 
These areas are addressed in the CEA Guidelines in terms of practical methods for 

calculation.  Future research in these areas is intended to further develop or add to these 
methods as well as the cost and savings studies cited in this document. 
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Table 1 -  Urban Water Conservation Best Management Practices 
 

# 
 

BMP 
 

 
Requirements 

1 Water Survey Programs for Single 
and Multi Family Residential 
Customers 

Survey 15% of residential customers within 10 years 

2 Residential Plumbing Retrofit Retrofit 75% of residential housing constructed prior to 
1992 with low-flow showerheads, toilet displacement 
devices, toilet flappers and aerators 

3 System Water Audits, Leak 
Detection and Repair  

Audit the water utility distribution system regularly and 
repair any identified leaks 

4 Metering with Commodity Rates 
for All New Connections and 
Retrofit of Existing Connections  

Install meters in 100% of existing un-metered accounts 
within 10 years; bill by volume of water use; assess 
feasibility of installing dedicated landscape meters 

5 Large Landscape Conservation 
Programs and Incentives  

Prepare water budgets for 90% of commercial and 
industrial accounts with dedicated meters; provide irrigation 
surveys to 15% of mixed-metered customers 

6 High-Efficiency Washing Machine 
Rebate Programs  

Provide cost-effective customer incentives, such as 
rebates, to encourage purchase of machines that use 40% 
less water per load 

7 Public Information Programs  Water utilities to provide active public information programs 
to promote and educate customers about water 
conservation 

8 School Education Programs  Provide active school education programs to educate 
students about water conservation and efficient water uses 

9 Conservation Programs for 
Commercial, Industrial, and 
Institutional Accounts  

Provide a water survey of 10% of these customers within 
10 years and identify retrofitting options; OR reduce water 
use by an amount equal to 10% of the baseline use within 
10 years 

10 Wholesale Agency Assistance 
Programs  

Provide financial incentives to water agencies and cities to 
encourage implementation of water conservation programs 

11 Conservation Pricing  Eliminate non-conserving pricing policies and adopt pricing 
structure such as uniform rates or inclining block rates, 
incentives to customers to reduce average or peak use, 
and surcharges to encourage conservation 

12 Conservation Coordinator  Designate a water agency staff member to have the 
responsibility to manage the water conservation programs 

13 Water Waste Prohibition  Adopt water waste ordinances to prohibit gutter flooding, 
single-pass cooling systems in new connections, non-re-
circulating systems in all new car wash and commercial 
laundry systems, and non-recycling decorative water 
fountains 

14 Residential Ultra-Low-Flush Toilet 
Replacement Programs  

Replace older toilets for residential customers at a rate 
equal to that of an ordinance requiring retrofit upon resale 
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2 Conservation Devices and Activities: Costs 
and Savings 

 
 

This section contains descriptions for each of the following categories of water 
conservation devices and activities, grouped by sector: 

 
 

Residential Sector 
• ET Controllers (Residential) 
• Graywater Systems 
• High Efficiency Washing Machines 
• Hot Water Demand Units 
• Metering 
• Pricing 
• Residential Plumbing Retrofit Devices 
• Residential Surveys 
• Ultra Low Flush Toilets (Residential) 

 
 

Commercial, Industrial, and Institutional Sector 
• CII Surveys, Cooling 
• Film Processing 
• Food Service 
• Self-Closing Faucets 
• Ultra Low Flush Toilets (CII) 
• Urinals 

 
 

Landscape Sector 
• Large Landscape Devices 

 
Distribution System 

• System Audits and Leak Detection 
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2.1 ET Controllers (Residential) 
 
 
2.1.1 Device/Activity Description 
 
This section addresses technologies that automatically adjust irrigation controllers according to 
the needs of the landscape.  A number of such technologies have been developed to adjust 
schedules according to real time measures of evapotranspiration (ETo), including systems that 
use historical weather data, soil moisture sensors. There are also systems that transmit 
information to the irrigation controller by satellite pager, systems that transmit and receive via 
telephone lines, and combinations thereof all of these technologies (CUWCC 2003). 
 
 
2.1.2 Applicable BMPs 
 
ET controllers do not fit into any of the BMPs directly.  However, they are technologies related to 
surveys and retrofits in BMPs 1 or 2.  The recent technological developments allow ET 
controllers to serve the single-family sector as well as smaller commercial sites.  Studies 
conducted to date do not directly apply to BMP 5 but are associated technologies. 
 
2.1.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
IRWD (2001), the “ET Controller Study,” tested a system of controllers that were automatically 
adjusted using a broadcast signal based on weather conditions.  The test group was compared 
to both a control group without intervention and a group that received postcards with ET 
information but no automatic controller adjustments.  The controllers fitted to the test homes 
were all pre-programmed with the same irrigation schedule, which was then modified each week 
by the broadcast signal.  Total household consumption was estimated to decline 7 percent in 
the post-retrofit year—roughly a 16 percent reduction in outdoor consumption--controlling for 
weather.  This translates into a reduction of 37 gallons per household per day.  The author 
cautions the reader against simplistically applying these savings results to other customers as 
the program was voluntary and evidence was presented to indicate the study group 
conservation potential was less than for average customers who had similar initial water 
consumption.  [The Residential Runoff Reduction Study results will be included as soon as the 
study is finalized.] 
 
Aqua Conserve (2002) reports that ET controllers adjusted with historical data and temperature 
sensors successfully conserved water for high-volume residential customers in Colorado and 
California.  Total outdoor water savings were 21 percent in Denver, with an average savings per 
participant of 21.47 percent. [A symmetric distribution of savings was reported]  For the City of 
Sonoma, total outdoor savings were 23 percent, with an average savings per participant of 7.37 
percent.  [Here, a more skewed distribution of water savings was reported.]  Valley of the Moon 
Water District reported 28 percent total savings with an average savings per participant of 25.1 
percent. [A symmetric distribution of water savings was also reported here] Savings were 
calculated as post-intervention consumption relative to five-year historical consumption.  A 
control group was used to control for test-year weather. 
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Aquacraft (2003) reports that of the 10 sites included in their study, savings averaged 26,000 
gallons per year per site; savings from the 5 largest-saving sites were 68,000 gallons per site.  
As a group, water application by the controllers was 94 percent of ETo, or 28 inches of water.  
The sites were a combination of volunteer sites and those with high volume water use; all were 
residential except for one commercial site. 
 
Bamezai (1996) reports savings in a study that considered the effects of connecting multiple 
meters to a central irrigation controller that controls watering based on ET for each meter.  
Controlling for climate and landscape size, the average savings per meter at the site was 34 
percent.  Most of the savings were achieved on sloped areas with diverse plant materials. 
 
Persistence 
 
Bamezai (2001) reports the results of an analysis of savings in the second year following the 
retrofit with ET controllers as described in IRWD (2001).  Water savings for the entire household 
was 8.2 percent in the second post-retrofit year, compared to 7.2 percent in the first year.  Since 
these sites were not separately metered, an approximation was used to estimate savings 
attributed to outdoor use and the ET controller program.  Using this approximation, the outdoor 
savings was 18 percent. 
 
DeOreo (1998) reports the results of a study of soil moisture sensors that work in conjunction 
with conventional irrigation timers to stop watering during rain and whenever soil moisture is 
otherwise adequate.  The study reports that after five years, the sensors “successfully match 
irrigation applications to requirements with the seasonal applications” … “ranging from 52% to 
124% of the theoretical, and the average equaling 76 percent.” The wide range is because the 
controllers were set to maximum in this test. 
 
Limitations 
 

• For ET controllers to be fully effective, the existing irrigation system must be operated 
and maintained properly. 

• Some studies had to approximate the outdoor water consumption because target sites 
had one meter. 

• The studies more frequently selected large volume customers and volunteers. Care 
should be taken in generalizing these results as large customers tend to generate large 
absolute savings figures (not necessarily larger percent savings, however) and 
volunteers tend to be relatively more receptive to conservation than average. 

 
Confidence in Estimates 
 

Medium. 
 
 
 
 
2.1.4 Program and Device/Activity Cost Estimates  
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Program Costs 
 
Participant program costs may include: 
 

• Cost to purchase, install, operate, and maintain.  Some systems have monthly fees. 
 
Supplier program costs may include: 
 

• Cost to purchase, install, operate, and maintain if supplier shares costs 
• Administration 
• Contractors 
• Marketing 

 
IRWD (2001) states that ET controllers are expected to cost $100 per unit to purchase and $75 
to install.  The installations were all with a standard set of settings.  The monthly signal fee is $4 
and the expected life is 10-15 years. 
 
Aquacraft (2003) reports that installations of the ET controllers took between 2.25 and 4 hours 
per site.  The installation process included detailed hydro zone measurement and setting the ET 
controller accordingly.  Some sites included moisture sensors. 
 
DeOreo (1998) reports the results of a study of soil moisture sensors that work in conjunction 
with conventional irrigation timers to stop watering during rain and whenever soil moisture is 
otherwise adequate.  The total costs “for repairs and replacements” were $270 (original 
installation costs not reported).  The estimated budget for average annual repairs and 
replacement was estimated to be $12 per controller. 
 
Limitations 
 

• Cost of equipment may depend on volume purchase and installation contracts. 
• Program design is particularly important to estimating costs because the same 

equipment can be used in conjunction with either simple or elaborate tailoring to the 
particular site or varying levels of outreach and support over time. 

 
Confidence in Estimates 
 
Medium-High. 
 
 
2.1.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
Estimating prospective savings from a landscape program that utilize ET controllers involves a 
comparison of the expected consumption without the controller program to the expected 
consumption with the program. 
 

Savings = Water_Use_Without_Program  -  Water_Use_With_Program 
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Expected water use without the program can be projected using historical data.  Whitcomb 
(1994) and A&N Technical Services (1997) present ways of determining weather-normalized 
consumption. 
 
The following water budget equation appears in CUWCC’s BMP 5 Handbook (Whitcomb, J., G. 
Kah, and W. Willig 1999 as reproduced from Walker, Kah, and Lehmkuhl 1995): 
 

Water_Use_Budget = Irrigated_Area x Adjustment_Factor x Conversion_Factor x 
(( ETo x KL ) – Effective_Rainfall ) x ( 1 / 
Irrigation_Efficiency ) 

 
where: 
 

• Water_Use_Budget is applied water use requirement for hydro zone during billing 
period.  Overall site water use budget is obtained by summing over all hydro zones. 

• Irrigated_Area is landscape area irrigated in hydro zone (typically measured in square 
feet) 

• Adjustment_Factor is scalar between 1.0 and 0.0 determining the allowable stress on 
the plant material. 

• Conversion_Factor is the number converting measurement units into consistent terms. 
• ETo is reference evapotranspiration for the billing period. ETo is a measure of the 

weather’s effect on the need for water by plants. 
• KL  is the coefficient relating a specific plant type’s water requirements to reference ETo. 
• Effective_Rainfall is the depth of rain effective in offsetting ETo during a billing period. 
• Irrigation_Efficiency is a factor between 1.0 and 0.0 measuring the efficiency of irrigation 

system. 
 
Factors to Consider in Applying the Formula 
 

• These figures do not fully reflect behavior that may impact actual savings. For example, 
maintaining the irrigation equipment in good condition is important to achieve savings. 

• The formula is a general budget formula.  To be most accurate, consider the specific 
capabilities of the ET controller under consideration.  The controllers do not use the 
same variables and calculation methods. 

• The historical use figures need to be commensurate with the water budget to calculate 
savings.  Thus, one needs to determine outdoor use historically to use in the savings 
calculations. 

• For prospective policy analysis, the water budget can serve as a projection of use if one 
assumes that the system applies water just in accord with the calculated budget. 

• This calculation method above is for one month (or billing period) only; it should be 
repeated for each month (or billing period) of the year. 

• ETo can be expressed in different units. In this example Normal Year ETo, is expressed 
in terms of monthly (or billing period) totals.  More or less detailed calculations can be 
made with the formula (e.g., daily or yearly). 

 
 
 
2.1.6 Example Calculation 
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Tables 1 and 2 show the calculation of a monthly water budget and savings for a sample 
landscape site with three hydro zones.  The three hydro zones are distinguished by plant type, 
which is indicated in the budget formula by the plant factor (Ash 1998).  ETo is expressed in 
terms of normal year ETo as a monthly total, assuming there is monthly billing with which to 
compare historical use. 
 
 

 

 
 
2.1.7 Questions to Ask 
 

• What is the program design that goes along with the ET controller?  For example, is 
there a detailed hydro zone measurement and review, or a simple set of adjustments to 
the controller? 

• How much of the savings can you get with a less costly version of the same program? 
• What are the life cycle costs including installation, ongoing fees, and maintenance, etc. 
• How well does the local weather station fit a particular microclimate? 

 
 
 
2.1.8 Sources 
 
A&N Technical Services (1997), “Landscape Water Conservation Programs: Evaluation of 
Water Budget Based Rate Structures,” prepared for the Metropolitan Water District of Southern 
California, September. 
 
Aqua Conserve (2002), “Residential Landscape Irrigation Study using Aqua ET Controllers,” 
Information from the CUWCC ET and Weather-Based Irrigation Controllers Workshop, March 
2003. URL: http://www.cuwcc.org/et_controllers. lasso. 
 
Aquacraft (Undated, Downloaded 2003), “Performance Evaluation of WeatherTRAK Irrigation 
Controllers in Colorado.”  URL: www.aquacraft.com. 
 
Ash, T. (1998), “Landscape Management for Water Savings: How to Profit from a Water 
Efficient Future,” Municipal Water District of Orange County. 

Hydrozone

Irrigated 
Area 

(sq.ft.)
Adjustment 

Factor
Conversion 

Factor

ETo 
(inches/ 
month)

Plant 
Factor KL

Effective 
Rainfall 
(inches)

Irrigation 
Efficiency

Water 
Budget 

(ccf)
Warm Season Turf 1,000     1.0              0.000833    3           1.00         1.0         0.63         2.64      
Shrubs 500        1.0              0.000833    3           0.60         1.0         0.63         0.53      
Natives 500        1.0              0.000833    3           0.40         1.0         0.63         0.13      
Total 2,000     3.31      

Table 1 - Water Budget (One Month Billing Period)

Historical Weather 
Adjusted Outdoor 

Use (ccf)

Water 
Budget 

(ccf)
Savings 

(ccf)
10.0                        3.3         6.7              

Table 2 - Savings from ET Controller
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Ash, T. (2002), “Using ET Controller Technology to Reduce Demand and Urban Water Run-Off: 
Summary of the Technology, Water Savings Potential & Agency Programs,” American Water 
Works Association Water Sources Conference Proceedings. 
 
Bamezai, A. (1996), “Do Centrally Controlled Irrigation Systems Use Less Water? The Aliso 
Viejo Experience,” prepared for the Metropolitan Water District of Southern California, October. 
 
Bamezai, A. (2001), “ET Controller Savings Through the Second Post-Retrofit Year: A Brief 
Update,” prepared for the Irvine Ranch Water District, April. 
 
CUWCC 2003, “ET and Weather-Based Irrigation Controllers Workshop: Product Information,” 
California Urban Water Conservation Council, March. URL: 
http://www.cuwcc.org/et_controllers.lasso. 
 
DeOreo, W.B., et al. (Undated, Approximately 1998), “Soil Moisture Sensors: Are They a 
Neglected Tool?”  
 
IRWD (2001), “Residential Weather-Based Irrigation Scheduling: Evidence from the Irvine “ET 
Controller” Study,” Irvine Ranch Water District, the Municipal Water District of Orange County, 
and the Metropolitan Water District of Southern California, June. 
 
Walker, W., G. Kah, and M. Lehmkuhl (1995), “Landscape Water Management: Auditing,” 
Irrigation Training Research Center, California Polytechnic State University, San Luis Obispo. 
 
Whitcomb, J.(1994), Contra Costa Water District, “Weather Normalized Evaluation,” August. 
 
Whitcomb, J., G. Kah, and W. Willig (1999), “BMP 5 Handbook: A Guide to Implementing Large 
Landscape Conservation Programs as Specified in Best Management Practice 5,” California 
Urban Water Conservation Council, April. 
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2.2 Graywater 
 
 
2.2.1 Device/Activity Description 
 
Developed pursuant to the Graywater Systems for Single Family Residences Act of 1992 (AB 
3518), the State of California now has graywater system standards in the State Plumbing Code 
(DWR 1994).  "Graywater is untreated household waste water which has not come into contact 
with toilet waste." Graywater, "Includes: used water from bathtubs, showers, bathroom wash 
basins, and water from clothes washing machines and laundry tubs."  Graywater, "Does not 
include: waste water from kitchen sinks, dishwashers, or laundry water from soiled diapers."  
(California Graywater Standards; Title 24, Part 5 of the California Administrative Code).  A 
typical graywater system includes a plumbing system, a surge tank, a filter, a pump and an 
irrigation system (DWR 1994). 
 
 
2.2.2 Applicable BMPs 
 
Although graywater is not mentioned in BMP 1 – Residential Water Surveys, other means of 
conserving landscape irrigation water are included.  Graywater recommendations or evaluations 
could be included as part of the residential surveys; however, the BMP does not have provision 
for gaining credit towards BMP compliance for doing so. It does not appear that graywater could 
be used toward compliance with BMP 2. 
 
 
2.2.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
Whitney et al. (1999) estimate the savings from a graywater system to be 446,200 gallons over 
a 15 year life span.  The per capital annual average discharge to the landscape site was 20.4 
gallons per day.  
 
The California Department of Water Resources Graywater Guide (1994) estimates daily 
graywater flows for each occupant in a single family residence.  Graywater flow per day per 
occupant is the sum of flow from showers, bathtubs, wash basins, and clothes washers. Water 
savings is estimated as the amount of graywater flow that displaces landscape water use that 
would occur otherwise. 
 
A direct method of estimating savings per household in a specific service area is to multiply 
graywater flow per person by the average number of persons per household in the agency 
service area.  Presumably graywater displaces fresh irrigation water only for the part of the year 
that landscape is irrigated. Note that usable yield depends on gray water storage capacity and 
the irrigation requirements at the site, which under current health codes, can be met using 
graywater. 
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Persistence 
 
A study that considers the persistence of savings from household graywater systems has not 
yet been found. 
 
Limitations 
 
Savings estimates are situation specific and need to account for slope of landscape, vegetation, 
climate, level of maintenance and other factors. 
 
Confidence in Estimates 
 
Medium-Low.  Future efforts should include empirical measurement of water savings 
considering behavior (e.g., maintenance), the presence of other low flow devices (e.g., low flow 
showerheads, faucet aerators, and washing machines), and persistence of savings.  Savings 
estimates may be confounded if wastewater were to be recycled (potential overestimate) or if 
water percolates to the groundwater basin rather than lost to the sewer (potential 
underestimate).  
 
 
2.2.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Whitney et al. (1999) estimate the costs of equipment and installation for a graywater system 
fulfilling all legal requirements.  Capital costs are estimated to be $5,400 per site, including 
$1,250 for equipment and $4,150 for labor.  Over a 15 year life span, the cost of energy for the 
pump is estimated to be $100, and back-wash water cost is $20. 
 
DWR’s Graywater Guide (1994) also estimates the equipment costs of installing a typical 
graywater system.  The costs depend on whether the system uses drip or leach field design.  
Table 1 summarizes these costs, without labor. 
 

Plumbing Parts 121.00$         
Tank Parts 233.00$         
Pump 150.00$         
Drip Parts (or) 253.00$         
Leachfield Parts 230.00$         
Total Drip 757.00$         
Total Leachfield 734.00$         

Table 1 - Equipment Costs of Typical 
Graywater System ($1994)

Source: DWR Graywater Guide
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Limitations 
 
Often it is complex to get legal permits for graywater systems.  Costs depend greatly on the 
housing construction—whether it is slab foundation, whether it is two story, and/or whether it is 
new or retrofit construction. 
 
Confidence in Estimates 
 
Medium-Low. Better cost data is also needed to account for differences in housing construction 
types (slab foundation, two story, retrofit, etc.).   
 
2.2.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
The potential graywater savings is calculated by multiplying persons per household times 
graywater flow per person per day times the percent of irrigation that is saved.  Note that the 
graywater per person per day includes a clothes washer; this figure would be less at sites 
without clothes washers. 
 
S = PPH * Graywater_PPH_Day * Percent_Irrigation_Saved 
 
where: 
 

• S is Savings (gpd per household system) 
• PPH is persons per household 
• Graywater_PPH_Day is the sum of: (1) showers, bathtubs and wash basins 25 gal. per 

day/occupant (DWR 1994) and (2) clothes washers 15 gal. per day/occupant (DWR 
1994) 

• Percent_Irrigation_Saved is the percent of irrigation days saved (depends on the service 
area; suggested range of 4 to 8.5 months per year irrigation saved in the example) 

 
Factors to Consider in Applying the Formula 
 
Savings estimates should account for site characteristics. 
 
Example Calculation 
 
The following assumptions were used in the sample calculations: 
 

• Graywater_PPH_Day is the sum of: (1) showers, bathtubs and wash basins 25 gal. per 
day/occupant (DWR 1994) and (2) clothes washers 15 gal. per day/occupant (DWR 
1994) 

• Percent_Irrigation_Saved is the suggested range of 4 to 8.5 months per year irrigation 
 
Table 2 summarizes estimates for three hypothetical agencies in three climate zones in 
California, each with a different number of irrigation days that are potentially replaced with 
graywater. 
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2.2.6 Questions to Ask 
 

• Is the graywater system installed at the time of construction of is it a later retrofit? 
• What is slope of the yard and what type of soil is present? 
• What is the configuration of the graywater sources relative to the irrigation site (close or 

far, in basement or first floor)? 
• What are the irrigation needs of the local climate and particular landscape?  
• What are the permit requirements? 

 
 
2.2.7 Sources 
 
DWR (1994) California Department of Water Resources, "Using Graywater in Your Home 
Landscape: Graywater Guide," December.  
 
Whitney et al. (1999) [A. Whitney, R. Bennett, C.A. Carvajal, and M. Prillwitz], “Monitoring 
Graywater Use: Three Case Studies in California,” (undated, assume 1999). 
 

Table 2 - Potential Graywater Savings Calculation

Example Agency (irrigation season)
Single Family 

Persons/Household

Single Family 
Savings 

(gpd/system)
Water Agency A (4 months irrigation) 2.00 26.7
Water Agency A (4 months irrigation) 3.00 40.0
Water Agency A (4 months irrigation) 4.00 53.3
Water Agency B (6 months irrigation) 2.00 40.0
Water Agency B (6 months irrigation) 3.00 60.0
Water Agency B (6 months irrigation) 4.00 80.0
Water Agency C (8.5 months irrigation) 2.00 56.7
Water Agency C (8.5 months irrigation) 3.00 85.0
Water Agency C (8.5 months irrigation) 4.00 113.3
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2.3 High Efficiency Washing Machines 
 
 
2.3.1 Device/Activity Description 
 
High efficiency washing machines are those designed to save energy and water. 
 
2.3.2 Applicable BMPs 
 
BMP 6 – High-Efficiency Washing Machine Rebate Programs calls for the CUWCC to develop 
reliable water savings estimates.  In addition, one of the criteria to determine implementation 
status is to offer “cost-effective” financial incentives.  To make this determination, water savings 
needs to be quantified. 
 
 
2.3.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
Early studies found some users tended to fill front-loading washers to less than full capacity, 
highlighting the difference between savings potential and actual savings.  The field studies 
below measure actual savings. 
 
The THELMA project (The High Efficiency Laundry Metering & Marketing Analysis) consisted of 
lab testing and field testing.  The Field testing was at 26 locations (26 machines) in the Pacific 
Northwest and California.  The project also included focus groups which were conducted in 
Bellevue, Washington and Concord California in February 1995. Table 1 shows savings 
estimates with confidence intervals derived from THELMA (1997). 
 

Oak Ridge National Laboratory conducted a field study of high efficiency washers for the U.S. 
Department of Energy (Oak Ridge National Lab 1998, Pugh and Tomlinson 1999).  More than 
100 participants in a town of with a population of 200 (Bern, Kansas) washed over 20,000 loads 
of laundry over a five month period.  The study considered energy and water consumption, 
customer habits and perceptions, and community-wide water and wastewater system impacts.  
Savings were estimated to be 37.8 percent. 
 
The Consortium for Energy Efficiency (CEE 1995) has implemented a High-Efficiency Clothes 
Washer Initiative in an effort to promote water and energy conservation.  CEE approves efficient 

Time Period Per Week Per Year
Mean Savings 97.8 5,085.6
90% C.I. Range 87.7 - 107.9 4,560.4 - 5,610.8
95% C.I. Range 85.7 - 109.9 4,456.4 - 5,714.8
Source: Mitchell (1998) derived from THELMA (1997) data.

Table 1 - Estimated Water Savings (gallons/unit of time)
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washers, which are then promoted by utilities.  CEE studies have reported 37.5 gallons per 
load, on average, for conventional machines in use and 24.2 gallons per load for high efficiency 
machines. CEE (2004, 2002) estimated the savings potential from high efficiency washers 
promoted in its Residential Clothes Washer Initiative to be up to 59%, or equivalently, up to 
9,000 gallons annually. 
 
The Tampa Water Department study conducted by Aquacraft found a 46.8 percent decrease in 
water use in clothes washers (Aquacraft 2004, Table 3.3). 
 
The SWEEP study reported 15.2 gallons saved per cycle [PNNL 2001]. 
 
The East Bay Municipal Utilities District study conducted by Aquacraft found a 36.7 percent 
decrease in water for clothes washers (Aquacraft 2003, Table 4.6). 
 
The Seattle Home Water Conservation Study (Aquacraft 2000) found 37.7 percent water 
savings for high efficiency washers. 
 
CUWCC (2004) used a value of 1,170 gallons of water savings per year per water factor 
increment—“derived on CEC savings estimates.” 
 
The Boston Washer Study found savings of 41 percent in terms of gallons of water used per 
pound of laundry (ORNL 2003). 
 
 
Persistence 
 
No study considering the persistence of savings from high-efficiency washers has been found. 
 
Limitations 
 
Savings estimates do not consider that some customers will purchase high efficiency machines 
even without the existence of an active conservation program.  As the market for these 
machines matures and if the price comes down as expected, this free rider impact may grow. 
 
Confidence in Estimates 
 
High for estimates based on the recent field evaluations such as the THELMA project. 
 
 
2.3.4 Program and Device/Activity Cost Estimates 
 
Program Costs 
 
Participant program costs may include: 
 

• Difference in cost for high efficiency machine, less rebate if it exists. 
• Installation cost if higher or accelerated compared to no program alternative. 

 
Supplier program costs may include: 
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• Staff time to develop rebate program 
• Rebate costs, if they exist 
• Administration 
• Contractors 
• Marketing 

 
THELMA (1997) reports the incremental cost of high efficiency washers is $400 more than 
comparable conventional washers. The study reports that a typical customer would save 
between $43 and $106 per year in energy, water, and wastewater costs.  (Note that energy and 
wastewater savings are benefits of the high efficiency washers and should not be included in as 
“net costs” when calculating cost per AF, given the convention established in the CEA 
Guidelines and this document.) These figures assume: 
 

• 6.7 loads per week 
• 60 percent of loads using warm or hot water 
• $0.0835 per kWh 
• $0.002011 per gallon of water 
• $0.002362 per gallon of wastewater 

 
Another potential cost savings is detergent.  Although high efficiency machines use less 
detergent, special detergent is necessary for some models (although the special detergent may 
be more expensive per unit). 
 
Consumer Reports (1998) collected retail price data on the major front-loading and top-loading 
models of washing machines available in the U.S. (Table 2).  Rebates would reduce the cost to 
the customer and increase the cost to the supplier.  The incremental costs of a high-efficiency 
washing machine program are the difference between their cost and the costs that would be 
incurred without the program (e.g., the difference between front- and top-loading machines for 
natural replacements). 
 

Consumer Reports (2000) states that the cost of meeting the Year 2007 efficiency standards for 
clothes washers is uncertain and with wide variations among analysts.  This source summarizes 
the estimates of environmentalists ($50-100 more per machine, type unspecified) and the DOE 
($240 more per machine for efficient top loaders than existing). 
 
The CEC staff report on residential appliance efficiency (CEC 2003) used a value of $66 for the 
incremental cost of an 8.5 water factor machine and $130 for a 6.0 water factor machine. 
 

Type
Retail Price Range

$1998
Front Loading $700-1600
Top Loading $300-600
Source: Consumer Reports (1998)

Table 2 - Washing Machine Costs
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The U.S. EPA and DOE (2004) report that the typical price premium for an Energy Star certified 
washing machine is $300.  Not all energy star rated machines are considered high efficiency in 
terms of their water use. 
 
A search of the keywords “Front Load Washers” at the Epinions.com shopping website brings 
up a list of machines that range in price from $520 to $1399.  The reader is cautioned when 
regarding the use of these figures in analysis because they are not summarized with scientific 
methods. 
 
It is important to note that, like other devices and activities, the costs of the high efficiency 
washers may be different for the different perspectives of analysis.  From the total society 
perspective, the cost is as described above—the difference between conventional washers and 
the high efficiency counterparts.  For the customer, however, the costs might be less because of 
a purchasing rebate program.  Likewise, the cost from the agency perspective is the cost of the 
rebate, which may not be the entire difference in costs—something less than $400 for each 
washer. 
 
Limitations 
 
As the market for high efficiency washers develops, the price difference between high efficiency 
and conventional machines is expected to decrease, so prices should be monitored by CUWCC 
to keep current. 
 
Confidence in Estimates 
 
High for estimates based on current market data.  Less so for projections of future costs, 
although, costs are expected to decrease as production scale increases. 
 
 
 
 
2.3.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
S = Savings_per_Load * Water_Use_per_Load * Loads_per_Person * PPH 
 
where: 
 

• S is savings (gpd/machine) 
• PPH is persons per household 

 
Factors to Consider in Applying the Formula 
 
Loads per person may vary among demographic segments of the population, so a demographic 
distribution assessment could improve savings calculations. 
 
 
2.3.6 Example Calculations 
 
Savings estimates from this numerical example are summarized in Table 3.  When washing 
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machines are shared, savings per machine can be estimated by multiplying savings times the 
number of households per machine (e.g., number of apartments per machine in an apartment 
building).  In this example, it is assumed that multi-family buildings have 5 households per 
machine.  For coin-operated laundries, multiply the number of loads per machine (calculated by 
dividing the revenue by the price) times (Savings_per_Load * Water_Use_per_Load).  Savings 
and water use will vary for large commercial machines (double and triple loaders).  The 
following assumptions were used in the example: 
 

• Savings_per_Load is 25% for maximum fill, 10% for minimum (THELMA).  Oak Ridge 
National Laboratory (1998) reports 37.8% savings. 

• Water_Use_per_Load is 48.5 gallons per load (mean of HUD values reported in 
Waterplan 1988). 

• Loads_per_Person is .3 loads per capita per day (HUD value reported in Waterplan 
1988) to .45 loads per day (calculated from data reported in Oak Ridge National 
Laboratory 1998). 

 
 

2.3.7 Questions to Ask 
 

• Does the energy provider(s) and/or wastewater agency(ies) covering your water service 
area offer incentives for the purchase of these machines?  

• Are there other agencies that you can partner with to make your program more cost 
effective? 

• Does your agency have access to grant or other partnership type funding? 
• Which models are included? 
• Are savings estimates associated with models you have selected? 
• Will utilization be tracked (e.g., housing density)? 

 
 
2.3.8 Sources 
 
Aquacraft, Inc., “Residential Indoor Water Conservation Study,” prepared for the East Bay 
Municipal Utilities District and the U.S. EPA, July  2003. 
 
Aquacraft, Inc., “Seattle Home Water Conservation Study,” prepared for Seattle Public Utilities 
and the U.S. EPA, December 2000. 
 

Supplier SF PPH MF PPH
SF_Savings 
gpd/machine

MF_Savings 
gpd/machine*

Supplier A 2.00 1.50 14.4 53.8
Supplier B 3.00 2.25 21.5 80.7
Supplier C 4.00 3.00 28.7 107.7
*Assuming 5 households per machine.

Table 3 - High-Efficiency Clothes Washers
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Aquacraft, Inc., “Tampa Water Department Residential Water Conservation Study,” January 
2004, prepared for Tampa Water Department and the U.S. EPA. 
 
California Energy Commission, “Update of Appliance Efficiency Regulations for Residential 
Clothes Washers,” Staff Report, publication # 400-03-021. Placed Online: September 19, 2003. 
 
CEE (1995) Consortium for Energy Efficiency High Efficiency Clothes Washer Initiative, 
“Program Description” with Appendices, December. 
 
Consortium for Energy Efficiency (CEE), “Residential Clothes Washer Initiative Fact Sheet,” 
URL: http://www.cee1.org/resid/seha/rwsh/rwsh-main.php3, downloaded July 2004. 
 
Consumer Reports, “What Will Energy Efficiency Cost?” URL: www.consumerreports.org, 
August 2000. 
 
CUWCC, “Projected Water Demand Reductions Derived From CEC Proposed Water Factor 
Standards,” statement filed by CUWCC, January 21, 2004. URL: http://www.cuwcc.org. 
 
Epinions.com, “Front-Load Washer Prices,” URL: www.epinions.com, downloaded April 2004. 
 
Fryer, James, “THELMA Update,” Memorandum, Marin Metropolitan Water District, November 
21, 1995. 
 
HUD (1984) U.S. Department of Housing and Urban Development, Office of Policy  
 
Development and Research, Building Technology Division, Survey of Water Fixture Use, Brown 
and Caldwell Consulting Engineers, March. 
 
Mitchell, David (1998), “Ad Hoc H-Axis Committee Interim Savings Recommendations,” memo 
prepared for CUWCC, March. 
 
Oak Ridge National Laboratory (1998) “Bern Clothes Washer Study: Final Report,” prepared for 
the U.S. Department of Energy, March. 
 
Oak Ridge National Laboratory (ORNL), “The Boston Washer Study,” prepared for the U.S. 
Department of Energy, URL: www.eere.energy.gov, January, 2003. 
 
Pacific Northwest National Laboratory (PNNL), “The Save Water and Energy Education 
Program: SWEEP: Water and Energy Savings Evaluation,” prepared for the U.S. Department of 
Energy, May 2001. 
 
Pugh, C.A., and J.J. Tomlinson, "High-Efficiency Washing Machine Demonstration, Bern, 
Kansas," proceedings of Consev99, 1999. 
 
THELMA (1995a) “THELMA The High Efficiency Laundry Metering & Marketing Analysis,”  
Executive Summary and Chapter 5.  
 
THELMA (1995b) Diekmann, J. and W. Murphy, “Laboratory Testing of Clothes Washers,” 
prepared by Arthur D. Little, Inc. for the EPRI Customer Systems Group, Final Report, 
December. 
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THELMA (1997) “THELMA Impact Analysis,” EPRI Retail Market Tools and Services, prepared 
by SBW Consulting, Hagler Bailly Consulting, Dethman & Associates, and the National Center 
for Appropriate Technology, March. 
 
U.S. EPA and Department of Energy, “Energy Star Qualified Clothes Washers,” URL: 
www.eere.energy.gov, downloaded July 2004. 
 
Waterplan (1988) Synergic Resources Corporation, “Waterplan Benefit/Cost Analysis Software 
for Water Management Planning,” prepared for California Department of Water Resources, 
November. 
 
 
 
 
2.4 Hot Water Recirculation On Demand (Residential) 
 
 
2.4.1 Device/Activity Description 
 
Hot water recirculation-on-demand systems deliver hot water to a faucet or shower without 
having to drain the cold water in the pipes between the water heater and the fixture.  To re-
circulate “on demand” using a valve and a pump, the device temporarily opens a loop between 
the hot and cold water lines, pumps the cold water sitting in the hot water pipe into the cold 
water pipe and back into the hot water heater tank.  When the hot water in the hot water pipe 
arrives at the unit and the water temperature rises, pumping stops, the loop closes, and the 
plumbing system is returned to conventional functioning--now with hot water at the tap.  To re-
circulate on demand, the system can be started with buttons or with a remote control. 
 
Related technologies not included in this section include 1) continuous hot water recirculation, 
more typical in the commercial or multi-family residential sectors; 2) hot water heated on 
demand using a tankless heater; and 3) hot water heated on demand at the point of use, such 
as an instant hot water faucet for tea and coffee, or a hot water unit for a remote bathroom. 
 
 
2.4.2 Applicable BMPs 
 
Hot water recirculation-on-demand systems are related to BMP 2 – Residential Plumbing 
Retrofits.  Although not mentioned in the BMP, the units are a type of plumbing retrofit.  It is not 
clear that this technology could be used toward compliance with BMP 2. 
 
 
2.4.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
Advanced Conservation Technology Metlund Inc. has conducted a small scale survey of 
households that have been retrofitted with hot water recirculation-on-demand units.  A four-page 
survey was sent to 30 randomly selected households.  Respondents self reported by following 
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directions on the survey on how to measure water loss (e.g., respondents measured length of 
wait time for water to get hot, and flow rate of device by measuring with a quart container).  A 
total of 26 out of the 30 households responded. 
 
The California Energy Commission (CEC) conducted a case study analysis of the water and 
energy savings from a hot water demand unit in a single-family residential setting (Klein 1995).  
The CEC analysis included bucket measurements of lost water and stopwatch measurements of 
warm up time. 
 
Water savings depend on the number of "cold start" hot water runs from the water heater to the 
faucet or shower.   Water is saved only when water in the pipe is cold, not when water is already 
hot.  Furthermore, although runs per day will clearly be higher in households with more persons, 
it is not clear that "cold-start" runs will increase in proportion to household residents; the greater 
the frequency of use of a fixture, the more likely that it is already hot.  In most cases, un-
insulated pipes cool down in about 10 minutes. 
 
Water savings is not simply the volume in the pipe between the water heater and the faucet.  
The CEC measurements indicate that approximately twice the pipe volume is needed to warm 
up the water at the faucet because of the need to warm up the pipes along the way.   
Not all of the houses in a region will be able to realize the full savings from the hot water 
recirculation-on-demand system because of the design of their plumbing system.  
 
The Palo Alto study (ORNL 2002) of hot water recirculation on demand found “water savings for 
a household of four occupants varied from about 900 gallons to about 3000 gallons per point of 
use, per year. Point of use is a single location at a home--for example a faucet where hot water 
is available. Based on these figures, the water savings in a home with four points of use, on the 
average, would be 3,600 to 12,000 gallons per year.” 
 
Klein and Lutz (2004) analyze water loss in residential settings.  Although the study does not 
estimate savings, it covers the sources of water loss in depth, including losses that are meant to 
be mitigated by hot water recirculation-on-demand systems.  See also Klein 2004. 
 
Santa Clara Valley Water District (2002) found per household water use decreased by 2% 
(8.6gpd) in the treatment year relative to the control year.  In Phase II of the study, discretionary 
water use decreased by .6 gallons per day.  Neither of these values were reported to be 
statistically significant, in part due to small sample sizes, but also because the systems were not 
activated frequently—only three times per day on average. 
 
 
Persistence 
 
No study considering the persistence of savings from hot water recirculation-on-demand units 
has been found. 
 
Limitations 
 
An important limitation is data regarding the number and type of sites with plumbing that is 
configured to take advantage of the hot water demand system. 
 
Confidence in Estimates 
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Medium.  More evidence needs to be developed regarding the number existing plumbing 
configurations that would effectively save water if retrofitted with hot water recirculation on 
demand systems, the number of cold-start runs per person per day, how the number of cold-
start runs scales as more people live in the same household (scaling factor), and the mean and 
distribution of savings per run that can be expected under different circumstances. 
 
 
2.4.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
One estimate of costs of hot water recirculation on demand units is $500 per unit installed 
(Stranz 1996).  These cost figures are derived from information supplied by the manufacturer.  
ACT Metlund indicates that the latest model reduces installation labor time by 50 percent 
compared to previous models, and that its cost is $208 for the parts without labor 
(www.chilipeperapp.com 1999). 
 
The Palo Alto study (ORNL 2002) states the cost of the hot water circulation on demand system 
used in the study was $399 (it does not specify whether this included installation costs). 
 
ORNL (2003) estimated the cost of adding a recirculation on demand system to an existing 
house is $694 for the parts and labor.  The cost of including the system to new home 
construction, with design improvements, was estimated to be $1880.  This includes un-insulated 
copper pipe in the lowest cost sample house.  Water waste per month ranged from 68 to 308 
gallons—the maximum technical potential savings. 
 
 
 
 
Limitations 
 
(1) The savings figures are for retrofits.  If the house is plumbed to take full advantage of the hot 
water demand unit, then greater savings are likely to occur.  One important savings factor is the 
distance between the fixture (e.g., shower or sink) and the trunk water line from the water 
heater.  Short branches are better.  Only one demand unit is needed if the fixtures are arrayed 
in series along the trunk line (the unit is installed at the furthest point from the water heater).  If a 
radial design is used, then a unit is needed at the end of each branch, which would be costly.  
Other factors that influence savings include the distance between the water heater and the 
fixtures (most houses in California have water heaters in the garage), and pipe location and 
insulation (pipes are often un-insulated and in attics or basements).  (2) Most of these devices 
are installed in the single family residential sector, although the multi-family sector has potential.  
(3) Some new homes are built with re-circulating hot water systems similar to those used in the 
commercial sector.  In these houses, this  technology would not save additional water if hot 
water is circulated continuously back through the dedicated hot water return line. It could 
however,  be used to save energy by operating the re-circulating system on-demand rather than 
continuously. 
 
Confidence in Estimates 
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Medium-Low.  Costs will depend on plumbing layout. 
 
 
2.4.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
S = Cold_Start_Hot_Water_Runs * Savings_per_Run * Plumbing_Factor where: 
 

• S  is savings (gpd/hot water demand unit) 
• Cold_Start_Hot_Water_Runs = PPH * Hot_Water_Runs * Scale_FactorPPH 
• Savings_per_Run is the water savings per hot water run. 
• Hot_Water_Runs is the number of times the water is heated up at the faucet. 
• Scale_Factor is the degree to which hot water runs are reduced as persons per 

household increases, because the likelihood of water already being hot is higher 
(judgment; CEC 1995). 

• PPH  is persons per household. 
• Plumbing_Factor is represents the ability house to realize savings because of the 

configuration of the plumbing system and its ability to take advantage of the hot water 
demand unit (e.g., 1/2 get 50 percent savings, the other half get 100%, so together the 
plumbing factor is .75). 

 
Factors to Consider when Applying the Formula 
 
Additional data would allow stratification that could be used to develop separate models for 
different site types. 
 
 
Example Calculations 
 
The following assumptions were used in the sample calculations: 

• Savings_per_Run is a mean of 4.0 gallons per hot water run; with a range of 2-12 
gallons per run (ACT Metlund 1995; CEC 1995). 

• Hot_Water_Runs has a mean of 6 hot water runs per day per person and a range of  2-
10 (based on ACT Metlund 1995; CEC 1995; Davis Energy Group 1988). 

• Scale_Factor is .8 is the degree to which hot water runs are reduced as persons per 
household increases, because the likelihood of water already being hot is higher 
(judgment; CEC 1995). 

• Plumbing_Factor is .75.  
 
Table 1 shows the results of using these assumptions, and  another plausible set of 
assumptions.  It  demonstrates the need for better data; savings estimates can be widely 
different under different conditions. 
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2.4.6 Questions to Ask 
 

• Is the hot water demand unit installed at the time of construction or retrofit? 
• Is the plumbing configuration closer to an “in-line” or “hub-and-spoke” layout? 
• How many pump and controller units would be needed to use the system at the most 

important output locations (bathroom and kitchen)? 
 
 
2.4.7 Sources 
 
Acker, Larry (1995), ACT Metlund Systems, Telephone interview, 21 December. 
ACT Metlund Systems (1995), “Home Test Audit Report,” Metlund Hot Water Demand Systems, 
July 18. 
 
Davis Energy Group (1988), “Residential Water Heating Study: Technical Report,” Use Pattern 
Assumptions in Appendix F, Table F-2, prepared for the California Energy Commission, 
Contract Number 400-88-003 (1988 contract), as reported by Klein (1995). 
 
Klein, G. (1995), California Energy Commission Staff, Telephone interview, 25 December. 
 
Klein, G., “Saving Energy and Water in Residential Hot Water Systems,” AWWA 2004 Water 
Sources Conference Proceedings. 
 
Klein, G., and J. Lutz, “Hot Water Distribution Losses in Residential Buildings: Draft Scoping 
Study,” California Energy Commission and Lawrence Berkeley National Laboratory, August 
2004 
 
Oak Ridge National Laboratory (ORNL) “Water and Energy Savings using Demand Hot Water 
Recirculating Systems in Residential Homes: A Case Study of Five Homes in Palo Alto 
California,” with the City of Palo Alto Public Utility Commission, October 2002. 
 

Supplier SF PPH

Cold-Start Hot 
Water Runs 

(runs/day/unit)
Savings 

g/day/unit
Supplier A* 2.0 7.7 23.0
Supplier B* 3.0 9.2 27.6
Supplier C* 4.0 9.8 29.5
Supplier A** 2.0 8.0 6.0
Supplier B** 3.0 12.0 9.0
Supplier C** 4.0 16.0 12.0
*saving per run: 4 gal; runs per person per day 6; scale factor .8; plumbing factor .75
**saving per run: 1 gal; runs per person per day 4; scale factor 1; plumbing factor .75

Table 1 - Hot Water Demand Unit
(savings gpd/unit)
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Oak Ridge National Laboratory, “Evaluation of Residential Hot Water Distribution Systems”  
Draft Final Report prepared for the Davis Energy Group and the California Energy Commission, 
May 2003. 
 
Oak Ridge National Laboratory, “Residential Hot Water Demand System,” for the City of Palo 
Alto Public Utilities and the U.S. Department of Energy, updated January 2003, URL: 
www.eere.energy.gov. 
 
Santa Clara Valley Water District, “Hot Water Re-circulation Pilot Study,” March 2002. 
Stranz, Blake (1996), “Hot Shot: Innovative Hot Water System Saves Money, Energy and Time,” 
America How-To, March/April. 
 
www.chilipeperapp.com (1999), Chilipepper Hot Water Appliance. 
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2.5 Metering and Sub-metering 
 
 
2.5.1 Device/Activity Description 
 
Metering for conservation consists of installing water meters in existing customer sites where 
they do not currently exist, and at  new construction sites.   Metering can also be used to 
separately measure indoor from outdoor use.  Another aspect of metering is meter service and 
rate of replacement. In terms of conservation, such activity may “true up” the price signal sent to 
customers.  It is important to note that meters are instrumental to a number of conservation 
efforts because they provide information on water use to consumers. 
 
Meters can also be added to individual units in a multi-family building; so called “sub-metering” 
allows separate household-level water usage measurement where there was previously only a 
master meter.  Note that this section includes sub-metering but not ratio utility billing systems 
(RUBS). 
 
2.5.2 Applicable BMPs 
 

• BMP 4 – Metering with Commodity Rates. 
• Metering is a necessary condition for implementing BMP 11 – Pricing. 

 
 
2.5.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
Speedwell (1994) analyses data from a sample of 590 multi-family buildings in New York City 
and a sample of 676 multi-family buildings in Jamaica, New York.  The Jamaica service area 
was metered and the New York City buildings were not.  A statistical model was developed, 
regressing housing density, median income in the census tract, building size water use, and a 
dummy variable for Jamaica service area on water use.  Controlling for these independent 
variables, metered billing resulted in a 36 percent decrease in water use, which the authors 
attribute to metered water consumption. 
 
Bishop and Weber (1995) report the results of a statistical analysis of Denver’s universal 
metering program.  The average annual water savings is reported as 28 percent, with a summer 
peak seasonal reduction of 38.4 percent in 1991.  The authors cite landscape irrigation as the 
reason for the large summer savings with metering. The authors report that controlling for 
season, weather, and the effect of metering and conservation practices, 98 percent of the 
monthly variation is explained in the model.  However, savings estimated in the statistical model 
cannot be separated from savings from concurrent programs used to promote the installation of 
conservation devices, such as bathroom retrofits.  The savings effect is also not separated from 
the effect of newly metered accounts that may have systematic differences in lot size, income, 
or housing density. 
 
Leblanc (1997) notes that the Residential Water Metering Study in Greater Vancouver assumed 
that “residential water meters, an appropriate rate structure and bimonthly billing would result in 
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a 20 percent reduction in single family residential consumption, “based on the experience in 
other areas.” 
 
Lovett (1992) reports water savings from the addition of universal metering has been in the 
range of 25 to 40 percent where it has been implemented in several Canadian locations. 
 
Koch and Oulton (1990) report that single family dwellings that have been converted to 
individual meters save on average 20 to 30 percent. 
 
CUWCC (2003) estimates that metering with volumetric pricing reduces demand by an average 
of 20 percent.  Water consumption in un-metered service areas is considerably higher than in 
metered service areas. 
 
Maddaus (2001) found an average reduction in water use of 18 percent due to the addition of 
meters with “associated publicity” in Davis, California.  The study also found higher percent 
savings for high use customers. 
 
Brown and Caldwell (1984) compiled water savings estimates in Table 1, here reproduced from 
Michell (2002) who reproduced the table from the original report. 
 
Lund (1984) compiled water savings estimates in Table 2, here reproduced from Mitchell (2002) 
who reproduced the table from the original report. 
 
 

Table 1 – Compilation of Savings Estimates 
Study Location Study 

Duration 
Sample size Water Savings % 

Small cities    
Milan, Tennessee 1946-1948 Citywide 45% 
Kingston, New York 1958-1963 Citywide 27% 
Zanesville, Ohio 1958-1961 Citywide 22.5% 
Large Cities    
Philadelphia, Penn 1955-1960 27% of service area 28.5-45% 
Boulder, Co 1950s-1960s Citywide 36% 
Calgary, Alberta 1968 14,755 metered, 61,575 

flat-rate 
45% 

Central Valley cities, California 1970 Citywide 30% 
Denver    
John Hopkins Study 1961-1966 Four flat-rate 

neighborhoods, study 
areas in other western 
cities 

Little difference noted 
between metered and flat-
rate residential in-house 
use; however, sprinkling 
use was much less for 
metered residences 

Green’s Thesis 1972 Three of four flat-rate 
areas from John 
Hopkins project plus 
surrounding metered 
areas 

13-30% 

Beck Report 1966-1968 Two flat-rate areas plus 
two metered areas from 
Aurora 

Results similar to John 
Hopkins study. 
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Bryson’s Thesis 1971 90,290 flat-rate 
residential service, 
19,080 metered 
residences 

25% 

Source: Reproduced from Brown and Caldwell (1984) as reported in Mitchell (2002) 
 

Table 2 – Estimates of Use Reduction from Water Metering 
City Year % Reduction Reference 
Kingston, NY 1958-63 20% Cloonan, 1965 
Philadelphia 1955-60 28% Cloonan, 1965 
Boulder, CO 1960-65 40% Hanke & Flack, 1968 
various, USA 1963-65 34% Howe & Linaweaver, 1967 
Israeli apts. - 14-34% Darr et al., 1975 
Malmoe, Sweden 1980 34% Hjorth, 1982 
Solomon Is. 1969-70 50% Berry, 1972 
Flyde, UK 1970-72 10% Smith, 1974 
Malvern, UK - 20% Smith, 1974 
Malvern, UK 1970-75 6% Phillips & Kershaw, 1976 
 

Sub-metering 
 
Rosales, Weiss, and DeOreo (2002) report savings of 7 to 12 percent from sub-metering in two 
mobile home communities. 
 
Griffin (2001) estimates demand drops from 6 to 39 percent with individual utility billing. 
 
Industrial Economics (1999) reported median savings values of 39 percent in terms of gallons 
per year per resident, and 18 percent in terms of gallons per year per square foot, with common 
areas included. 
 
Aquacraft (2004) found, in a national study, that sub-metering saved 15.3 percent, or 
equivalently 21.8 gallons per unit per day. 
 
The City of Portland (undated) reports 15 percent less water per resident in an apartment 
building with sub-metering compared to a similar building without sub-metering. 
 
Goodman (1999) and Goodman and Lee (1999) estimate that water consumption will drop by 
50 percent when a customers go from zero marginal cost per unit of water (flat un-metered rate) 
to the national average of $21.56 for the first 1,000 cubic feet. 
 
Koch (undated) estimated savings in warm water consumption are 52% as compared to the 
norm, and 55% as compared to the real consumption prior to the installation of the energy 
conservation systems. The results for cold water savings are 68% and 37% respectively. The 
average heat economies are 45% and 23% respectively.  
 
 
Source: Reproduced from Lund (1984) as reported in Mitchell (2002) 
 
Persistence 
 
No study considering the persistence of savings from water metering has been found. 
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Limitations 
 
None of the studies have fully controlled for all possible and reasonable explanatory variables.  
In particular, other conservation programs may have been concurrent with the metering program 
evaluations. 
 
Confidence in Estimates 
 
Low.  Future efforts should include empirical measurement of water savings considering an 
appropriate range of explanatory variables.  It is important to consider the interactive effect of 
metering along with other conservation programs; savings from metering and other conservation 
programs may not be additive.  Savings may also be considerably different depending on the 
amount of outdoor use. 
 
 
2.5.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Participant program costs may include: 
 

• Meter installation cost, if not paid by the supplier. 
 

Supplier program costs may include: 
 

• Staff time to develop meter program and new rates structure 
• Meter and installation costs, if the supplier pays. 
• Administration 
• Contractors 
• Marketing 

 
Denver Water Department (1993) reports the average cost per meter setting to be $425, 
including purchase, installation, repair of deteriorating lines, and public education. 
 Bishop and Weber (1995) report costs in the range of $250 to $750 per meter for purchase and 
installation. The cost to install a meter in a new construction residence is cited as $175. 
 
 
Leblanc (1997) reports that the cost of meter purchase and installation is $210 for indoor and 
$450 for outdoor.  [We assume Canadian dollars, although it is not specified in the article]. 
 
Westerling and Hart (1995) develop a cost minimization model to determine the optimal period 
of time between meter replacements.  Their sample calculations indicate a range between 7 and 
14 years. 
 
CUWCC (2003) report the costs of the installing meter retrofits vary depending on the size of 
the meter.  For example, costs are in the range of $500-$1000 for single-family dwellings in 
Central Valley/per meter, and $500-$3000 for multi-family dwellings & commercial connections.  
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There are additional costs to read the meter and bill the residential customer with a volumetric 
rate. 
 
Mitchell (2002) assembled the estimates of water meter installation costs in Table 3. 
 
Aquacraft (2004) reported cost in new construction of $125 for meter, transmitter, and 
installation ($300 for retrofits), $25 for receiver, computer, and software, and an annual service 
fee of $36. 
 
 
 
 
 

Table 3 -- Estimates of Use Reduction from Water Metering 
Water Supplier Region Avg. Cost Per Meter 

Installation 
Notes 

Sacramento 
Suburban 

Sacramento 
Valley 

$910 per residential meter Most residential connections in 
backyards.  Meter, box, and meter 
setter cost $240. Installation, 
which includes up to 28 sq ft of 
landscape restoration is $670. 

San Juan Water 
District 

Sacramento 
Valley 

$246 to install residential 
meter and box plus additional 
$207 if service upgrade 
required.  Combined cost is 
$453. 

Cost information provided by field 
operations manager for San Juan 
Water District 

Citrus Heights Water 
District 

Sacramento 
Valley 

$890 (contractor install) 
$533 (district staff install) 
 
These are costs for residential 
meters 

Based on 6,996 contractor and 
2,056 district staff installations.  
Cost for contractor installation 
includes district inspection cost of 
about $40/meter. 

City of Carmichael Sacramento 
Valley 

3/4”, 1” - $1,500 
11/2”, 2” - $2,000 
3” - $1,775 
4” - $2,500 

Detailed cost spreadsheet with 
itemization available. 

City of Roseville Sacramento 
Valley 

<$775 per residential meter Estimated cost was $775, but 
actual cost turning out to be 
somewhat less 

Fair Oaks Water 
District 

Sacramento 
Valley 

$700 per residential 
installation 

Install cost can run as high as 
$1,500 when landscape or 
hardscape need to be replaced. 

City of Davis Sacramento 
Valley 

$450 per residential 
installation (1994 dollars) 

All installations were front 
easements. 

City of Fresno San 
Joaquin 
Valley 

$300-$350 per retrofitted 
residential meter (1990 
dollars); $150 per new 
residential installation 

 

Source: Reproduced from Mitchell (2002)  
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Limitations 
 
Payments conventions may vary from supplier to supplier.  For example, where new 
development takes place, metering cost may be incurred by the developer and new owners, not 
by the supplier.  Alternatively, retrofit costs may be incurred by the supplier. 
 
Confidence in Estimates 
 
Low. 
 
 
2.5.5 Water Savings Calculation Formula(s) 
 
S = Household_Water_Consumption * Savings_Percent  
 
where: 
 

• Household_Water_Consumption is the pre-metering consumption 
• Savings_Percent is the percent savings assumed to result from metering 

 
Factors to Consider in Applying the Formula 
 
Household water consumption may variable considerably by socioeconomic status, climate, and 
landscape variation. 
 
 
2.5.6 Example Calculation(s) 
 
With available information, savings can be calculated by taking a service area water use and 
multiplying by percentage savings.  Table 4 shows sample calculations for different levels of 
water use. 

 
 
2.5.7 Questions to Ask 
 

• Are there other agencies that you can partner with to make your program more cost 
effective? 

• Does your agency have access to grant or other partnership type funding? 
• Are current un-metered connections in easements behind the residences or in front in 

public property? (1) 

Water Use (gpd) 20% 30% 40%
20 4 6 8
40 8 12 16
60 12 18 24
80 16 24 32
100 20 30 40
120 24 36 48

Table 4 - Savings from Meters (gpd)
Percent Savings
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• If in easements behind residences, does your agency maintain leak histories, which 
would indicate the need to replace the easement mains? (1) 

• Are there currently shutoff valves with spacers (for future meter installations) inside 
meter boxes for your un-metered connections? (1) 

• If service line shutoff valves are not already in place, are the locations of your agencies 
service lines known where meter boxes, shut off valves and meters are to be installed? 
(1) 

• What is the typical distance from main to meter? (1) 
• Based on the meter manufacturer chosen, what is the availability and cost of remote 

(radio frequency) reading? (1) 
• What is the cost of meters in bulk? (1) 
• Would your agency install meters or use contractors? (1) 
• Can your agency bill metered customers prior to completing your meter program for all 

customers? 
• Will your agency meter all customers within the shortest cost effective period, or spread 

implementation over the 10 years allowed by the BMP? (1) 
• Would your agency read meters on a monthly or bimonthly basis? (2) 
• Does your agency currently have a metered billing system, or would such a system have 

to be designed and/or purchased? (2) 
• Is the water bill designed to communicate water consumption and compare like months 

or periods for current and past years? (2) 
• What is the age of the housing stock (opportunity for leak detection)? 
• How often is meter accuracy checked? 

 
(1)  Your metering cost will vary substantially based on the responses you obtain for these 

questions.  Hint - your operations department should be able to provide this information 
or direct you to those within your agency who can. 

(2)  Your operational cost will vary depending on your responses to these questions.  Hint - 
your accounting and/or your information systems department(s) should be able to 
provide you with these responses. 

 
 
2.5.8 Sources 
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Aquacraft, Inc, et al., “National Multiple Family Submetering and Allocation Program Study” with 
East Bay Municipal Utility District, 2004. 
 
Berry, N.S.M. (1972), “The Effect of Metering on Water Consumption in Honiara-British 
Solomon Islands,” Journal, of the Institution of Water Engineers, Vol. 26, No. 7 (October), pp. 
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Goodman, J. (1999), “Water Conservation From User Charges in Multifamily Rental Housing,” 
National Multi Housing Council, June 1999. 
 
Goodman, J. and E. Lee (1999), “Multifamily Housing: Direct Billing Spurs Water Conservation,” 
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2.6 Conservation Pricing 
 
 
2.6.1 Device/Activity Description 
 
Conservation pricing provides incentives to customers to reduce water use. 
 
Applicable BMPs 
 

• BMP 4 – Metering and Commodity Rates—metering is a prerequisite for volumetric 
pricing 

• BMP 11 – Conservation Pricing 
 
 
2.6.2 Available Water Savings Estimates 
 
The report from the first phase of the CUWCC urban water rates project, Setting Urban Water 
Rates for Efficiency and Conservation: A Discussion of the Issues provides a good introduction 
to understanding how urban water demand responds to price. Table 1 provides a summary 
drawn from Chapter 1 of the Phase I report.  
 

 
 
  
 
 

Table 1: Lessons about how Rates affect Water Demand  
Lesson 1: Rates influence demand. 
Lesson 2: “Price elasticity” is the percentage change in demand induced by a one percent 

change in price, all other factors being constant. 
Lesson 3: Demand can be thought of as the sum of demands for different end uses of water. 
Lesson 4: Demand for outdoor uses is more price-elastic than demand for indoor uses. 
Lesson 5: Demand for water during peak (summer) periods is greater than demand during 

off-peak (winter) periods. 
Lesson 6: Residential water demand is inelastic. The response of residential demand to rate 

changes, though not zero, is small. 
Lesson 7: Demand is more elastic in the long run than in the short run. 
Lesson 8: Demand is influenced by forces other than price—including population growth, 

the economic cycle, weather fluctuations, and income growth.  
Lesson 9: The response of demand is more difficult to predict for large changes in price. 
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Summary of Individual Studies 
 
An important step in conservation pricing is accounting for water demand’s response to changes 
in the real price of water. A “first-order” estimate of demand response can be obtained by 
multiplying the scheduled change in price by a price elasticity (assuming EtaPrice approx. = - .09) 
to produce a predicted change in use. For example, 10 percent increase in price would 
approximately yield approx. one percent decrease in use (DeltaP × EtaPrice =.10 × (- .09)). 
   

The reason why predicting demand response is difficult is obviously not due to the intricate 
algebra—change in price times the price elasticity. Instead, demand response predictions go 
wrong because inaccurate values are used in the prediction. The change in price, DeltaP, 
should be expressed in inflation-adjusted “real” terms. When wastewater costs are recovered 
through a commodity charge on water use, this adds an additional price to water consumption 
that needs to be incorporated into the measure of price. The other parameter in the equation 
(the price elasticity parameter EtaPrice ) has similarly been the subject of much misunderstanding 
and dispute.  
 
Persistence 
 
There are two applicable estimates of water savings than can result from conservation pricing: 

1. Water reductions that can be expected in the long run and 
2. Water reductions that can be expected in the short run. 

 
An often cited summary of empirical price elasticity estimates, taken from Dziegielewski, et al. 
(1991), refers to long run price elasticities: 
 
  

Table 2: Summary of Long Run Elasticity Estimates for Planning Purposes  

Single Family Residential Customers Range of Estimates 

  Winter season -.10 to -.30 

  Summer season -.20 to -.50 

Multiple Family Residential Customers  

  Winter season -.00 to -.15 

  Summer season -.05 to -.20 

Source: Dziegielewski, et al. (1991) 
 

Analysts should note that these ranges apply to long run price elasticity estimates for the 
purposes of long run water planning. These are the estimates that would be required for 
estimates of the long run costs that are avoided by implementation of conservation planning. 
They are not sufficient for rate design and financial planning.  
 
Revenue prediction for rate design requires a short run price elasticity estimate that would 
reflect the demand response possible within a one or two year period. Most of the published 
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empirical literature on price elasticity focuses on long run estimates. Estimates of short run price 
elasticities are not as common. CUWCC’s Handbook on Designing, Evaluating, and 
Implementing Conservation Rate Structures provided the following recommended ranges for 
short run price response:  
 

Table 3: Short Run Elasticity Estimates for Conservation Rate Design  

Single Family Residential Customers Range of Estimates 

  Winter season -.00 to -.10 

  Summer season -.10 to -.20 

Multiple Family Residential Customers  

  Winter season -.00 to -.05 

  Summer season -.05 to -.10 

Source: Designing, Evaluating, and Implementing Conservation Rate Structures, July 1997 

 

In rate design, it is important not to make the mistake of using long run response estimates 
developed for planning purposes. If an elasticity estimate used in rate design is too low, then 
this fact can be adjusted for in the next rate redesign. Agencies concerned about uncertainty 
surrounding the price elasticity should conduct sensitivity analyses to see how much predicted 
revenue will change with different price elasticity assumptions.  
  
Limitations 
 
The estimates above provide a good starting point for incorporating residential demand 
response. The demand response of commercial and industrial customers would be more 
variable. In general, nonresidential demand response is thought to be greater than residential 
demand response. The method of predicting demand response to rate changes provided above 
operates on average water demand. Block rate structures, however, require more than a model 
of average (mean) water demand. Revenue prediction requires a model of the entire demand 
distribution (Chesnutt, et al. 1995b). This, in turn, may require a better understanding of how 
price affects specific end uses. 
 
Confidence in Estimates 
 
Medium.  Considerable empirical research has been conducted on the response of water 
demand to changes in price. Important areas for future research include how different end uses 
response to price, how end uses during peak periods respond to price, and quantification of the 
synergism between conservation pricing and conservation programs. 
 

 



Conservation Pricing 

 

 

California Urban Water Conservation Council      2-37 

2.6.3 Program and Device/Activity Cost Estimates 
 
Program Costs 
 
Conservation pricing may involve somewhat higher costs for designing and evaluating rates. No 
study attempting to document or analyze this hypothesis has been found.  
 
Limitations 
 
Cost estimates vary with the scale of the program.  
 
Confidence in Estimates 
 
There is great uncertainty in any cost estimate for conservation pricing. 
 
 
2.6.4 Water Savings Calculation Formula(s)  
 
Calculations 
 
Water Savings = Price Elasticity * Change in Real Price of Water * Expected Water Demand  
 
Factors to Consider in Applying the Formula 
 
The calculation will have more accuracy if it is performed by customer class since the price 
response varies by class. Similarly, greater accuracy will be attained if the calculation is 
separated by time of year. The real price of water should be inclusive of any volumetric 
wastewater charge and should appropriately adjust for inflation 
 
 
2.6.5 Example Calculations 
 
Continuing the example started above, a 10 percent increase in price would yield the following 
approximate decreases in water use if we take some price elasticity assumptions from Table 3: 
 
DeltaP × EtaSF, Price =.10 × (- .10) approx. one percent decrease in Single Family winter use 

DeltaP × EtaSF, Price =.10 × (- .20) approx. two percent decrease in Single Family summer use 

DeltaP × EtaMF, Price =.10 × (- .05) approx. 0.5 percent decrease in Multiple Family winter use 

DeltaP × EtaMF, Price =.10 × (- .10) approx. one percent decrease in Multiple Family summer use 

 
 
2.6.6 Sources 
 
American Water Works Association (1992), Alternative Rates, Denver, Colorado: American 
Water Works Association, AWWA Manual M34. 
 
American Water Works Association (2000), Principles of Water Rates, Fees, and Charges, 
Denver, Colorado: The American Water Works Association, AWWA Manual M1, Fifth Edition. 
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Beecher, J.A. and P.C. Mann (1991), Cost Allocation and Rate Design for Water Utilities,  
Denver, Colorado: The American Water Works Association Research Foundation, March 1991. 
 
Beecher, J. A., P.C. Mann, and J.D. Stanford (1993), Meeting Water Utility Revenue 
Requirements: Financing and Ratemaking Alternatives, Columbus, Ohio: The National 
Regulatory Research Institute, November 1993. 
 
Beecher, J.A., P.C. Mann, Youssef Hegazy, and John D. Stanford (1994), Revenue Effects of 
Water Conservation and Conservation Pricing: Issues and Practices.  Columbus, Ohio: The 
National Regulatory Research Institute, Appendix A, Chapter 4, 1994. 
Bishop, D.B. and J.A. Weber, (1996), Impacts of Demand Reduction on Water Utilities, A report 
for AWWARF and AWWA by Montgomery Watson Americas, 1P-5C-90690-2/96-CM. 
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Revenue Instability and Conservation Rate Structures, American Water Works Association 
Research Foundation and AWWA, 1P-5C-90681-9/95-CM. 
 
Collinge, R. A. (1996), "Optimal Conservation by Municipal Water Customers: A Revenue-
Neutral `Feebate' System," in Journal American Water Works Association, pp. 70-78, January.  
  
Martin, W.E. and J.F. Thomas (1986), “Policy Relevance in Studies of Urban Residential Water 
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2.7 Residential Plumbing Retrofits 
Low Flow Showerheads And Other Devices (Excluding ULFTs) 
 
 
2.7.1 Device/Activity Description 
 
Low flow (LF) showerheads are showerheads designed to provide water at lower rates of water 
flow.  Flow is typically measured in gallons per minute and low flow showerheads are rated at 
2.5 gallons per minute (gpm) or less (at pressure levels up to 80 psi).  California state law 
currently requires that all showerheads sold in the state meet the 2.5 gpm standard.  Toilet 
displacement devices come in a variety of designs that all displace some water volume in the 
toilet tank.  Since less water is needed to refill the tank, less water is used per flush.  Toilet leak 
detection is typically performed with dye tablets.  Faucet aerators reduce flow from faucets. 
 
 
2.7.2 Applicable BMPs 
 

• BMP 1 – Residential Water Surveys.  Residential surveys may involve plumbing retrofits. 
• BMP 2 – Residential Plumbing Retrofit. 

 
 
2.7.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
The savings estimates presented below are based on a series of rigorous field studies that 
examined the change in metered water consumption of more than 27,000 households and 
customers in the Cities of Irvine, Los Angeles, San Diego, and Santa Monica.  Because the 
exact number and type of devices contained in a retrofit kit can and has varied significantly, 
device-level estimates assist the comparison across studies. 
 
 
Showerheads 
The water savings estimates below represent a statistical estimate of the mean change in water 
use observed over a large number of residential households.  We present a subset of estimates 
from these field studies that: (1) are based on a large sample size, (2) represent a multiple year 
period, and (3) have statistically controlled for non-plumbing related factors and ongoing 
conservation.  It is desirable to have a large sample size so as to increase the precision of the 
estimate.  A multiple year period is needed to examine patterns over time.  Careful control for 
biasing effects is required to ensure the estimates represent net water savings, not gross water 
savings—that is, savings from conservation programs, not from other factors such as household 
characteristics. Table 1 provides a summary of these estimates. 
 
The probability of a showerhead actually being replaced can vary widely.  The probability of 
replacement depends in part on the method of distribution (e.g., “hang and pray”).  Field studies 
of retrofit kit distributions in Irvine (Source 5) and Los Angeles (Source 7) have found initial 
installation probabilities that range from 49 percent to 59 percent.  Not all showerheads that are 
replaced are retained.  Since both estimates reflect self-reports, they may overstate the true 
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installation probability.  The same two field studies found that 7-9 percent of installed LF 
showerheads were later removed.  Direct install programs allow a direct count of the number of 
installed showerheads; only the probability of removal then needs to be estimated. 
 
MWDSC and MWDOC (2002) report the results of an extensive study of the saturation of 
conservation devices in Orange County.  The study found that county-wide surveys of low flow 
showerhead saturation provide good estimates of the saturation of the individual agencies within 
the county.  Saturation was found to be near 75 percent. 
 
 
Other Devices 
 
Table 2 shows water savings estimates for the other plumbing retrofit devices from a field study 
in Los Angeles (Source 4).  Even with the large sample size of this study, these estimates of the 
expected change in metered household water consumption are less precise than the 
showerhead estimates.  In the two field studies of plumbing retrofit programs mentioned above 
(Sources 5 and 7), toilet dams exhibited somewhat higher self-reported installation rates and 
higher removal rates. Estimates of the installation rate for faucet aerators also come from self-
reported data and, as such, should also be considered speculative.  The field study in Irvine 
Ranch found that 13 percent of respondents reported the use of leak detection tablets.  
Estimates of the rate of toilet leakage derive from Sources 1, 4, 7, and 11. 
 

Koeller (2002) reports results from an MWD study: “installation of the wrong flapper in a water 
efficiency fixtures could result in water consumption amounts as high as 4.4 gallons for non-
adjustable flappers and 3.4 gallons for adjustable flappers.”  
 

Estimates Margin Time Period Sample Size Source
5.5 gpd/LFSH
   Single Family +/- 1.5 gpd 1990-92

~2,900
SF Dwellings (3)

5.8 gpd/LFSH
   Single Family +/- 2.6 gpd 1990-93

~3,000
SF Dwellings (4)

5.2 gpd/LFSH
   Multi-Family +/- 1.1 gpd 1990-92

~2,300
MF Complexes

(9.5 Units/Complex) (3)

Table 1 - Statistical Estimates of Low Flow Showerhead Savings

Retrofit Device
Savings

(gpd/device) Error Margin
Toilet Dams 4.2 gpd +/- 2.6 gpd
Faucet Aerators 1.5 gpd +/- 2.6 gpd
Leak Detection Tablets 8 gpd +/- 2.6 gpd
Source: (4)

Table 2 - Statistical Estimates of Savings
 from Other Retrofit Devices



Residential Plumbing Retrofits 

 

 

California Urban Water Conservation Council      2-41 

Koeller (2004) reports that only 11 percent of the studied toilet fixtures had leaking flapper 
valves.  The study also found, “approximately 52 percent of all aging toilet fixtures inspected are 
flushing at a rate of 1.7 gpf or higher.”  Approximately 12 percent were flushing below 1.4 gpf. 
 
 
Persistence 
 
Showerhead savings estimates have been measured in recent programs.  Since these field 
studies examined water use over a multi-year period, the estimates reflect the multi-year period 
average and they embed any retention and decay effects.  There is some evidence that future 
programs may yield less water savings due to the increasing saturation of LF showerheads in 
most service areas.  State plumbing code requiring sale of LF showerheads tends to increase 
the saturation of low flow showerheads over time.  Direct evidence of background saturation 
rates can be derived from data collected during home water surveys. Table 3 shows flow rates 
of existing showerheads as measured in recent residential surveys in Los Angeles and San 
Diego. 

 
Limitations 
 
Since conserving showerheads are required in plumbing code, background saturation rates are 
likely to be higher now than during the study periods referred to above. 
 
Confidence in Estimates 
 
Medium to High.  Considerable empirical research has been conducted regarding the savings of 
low flow showerheads.  Important areas for future research include background saturation rates 
and persistence of savings over time.  
 
 
2.7.4 Program and Device/Activity Cost Estimates 
 
Program Costs 
 
Participant program costs may include: 
 

• Cost of retrofit kit if not fully subsidized 
• Installation cost if not fully subsidized 

 
Supplier program costs may include: 

Home Survey 
Location

Flow Rate of Existing 
Showerheads Time Period Sample Size Source

Los Angeles 3 gpm Summer 1993 5,502 SF Residences (10)

San Diego 3.08 gpm FY 1994-95
3,666 SF Residences 

and 489 MF (11)

Table 3 - Flow Rate of Existing Showerheads



Residential Plumbing Retrofits 

 

 

California Urban Water Conservation Council      2-42 

 
• Staff time to contact building departments, developers, and plumbing supply outlets 
• Retrofit kits: showerheads, toilet displacement devices, and installation costs 
• Administration 
• Contractors 
• Marketing 

 
The following are professional judgments of costs by conservation program coordinators and 
managers, as reported in A&N Technical Services (1995): 
 

• Low flow showerheads, kit: $2 
• Low flow showerheads, direct install: $10-15 

 
Limitations 
 
Cost estimates vary with the scale of the program.  
 
 
2.7.5 Confidence in Estimates 
 
Medium. 
 
 
2.7.6 Water Savings Calculation Formula(s)  
 
Calculations 
 
Water Savings = Device_Savings * Number_of_Devices * Probability_of_Installation * Lifespan 
 
Factors to Consider in Applying the Formula 
 
Per device water savings from field studies embed behavioral responses (longer showering 
times) and mechanical/engineering estimates do not.  Water savings decay can be very site 
specific. Water supplies with high mineral content can degrade showerheads relatively quickly. 
This affects the background saturation rate, degradation of new showerheads, and ongoing 
device replacement rates. The probability of installation/retention  is both site-specific and 
uncertain. 
 
Example Calculations 
 
Table 4 summarizes savings rates, life spans and decay rates for low flow showerheads and 
other retrofit devices.  Method 1 is a method to account for savings decay by accounting for the 
savings over a number of years representing the device life span.  Method 2 is an alternative 
method, whereby the savings are reduced by the indicated percent over the period of analysis 
(percent year over year, exponential) or until savings approach zero. 
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2.7.7 Questions to Ask 
 

• Are there other agencies that you can partner with to make your program more cost 
effective? 

• Does your agency have access to grant or other partnership type funding? 
• Are devices to be provided on “hang and pray” or “directly installed” basis? 
• Will the selected method be accomplished with agency’s own personnel or using a 

contractor? 
• Does your agency allow your agency personnel or contractor personnel to enter the 

customer’s home? 
• What marketing technique will be used to accomplish the selected method? 
• What devices and actions are included? 
• Will your personnel or the contractor’s personnel install the devices?  If not, how will 

installations be verified? 
• Do you have estimated or comparative cost for device components and method selected 

to implement the program? 
• Are you going to design and maintain a database covering program results? 
• What is the age of the housing stock? 
• Can you influence how the cost of this program is accounted for?  If capitalized, the cost 

impact will be spread over “x” number of years and reduce the rate impact.  If expensed, 
will the cost of your program have to be recovered in one year?  

 
 
2.7.8 Sources 
 
Bamezai, A. and T.W. Chesnutt, Residential Water Audit Program: Evaluation of Program 
Outcomes and Water Savings, A report for the Metropolitan Water District of Southern 
California, December 1994. 
 

Method 1 Method 2

Device
Initial Savings

(gpd per device)
Device Life

Span
Device Decay
Rate per Year

Low Flow Showerheads 5.5 gpd 3-7 years 20-30 percent
Toilet Displacement Devices 4 gpd 2-5 years 40-60 percent
Faucet Aerators 1.5 gpd 1-3 years 40-60 percent

Toilet Leak Detection

.64 gpd (8 gpd per repaired 
leaking toilet; 8 percent of 

toilets leak) 7-10 years 1-2 percent

Other Household Leak Check

.5 gpd (12.4 gpd per 
household repair; 4 percent of 

households with leaks) 7-10 years 1-2 percent
Turf Audit 12.2 4 years 40-60 percent

Turf Audit with Timer
25.9 gpd (12.2 gpd for turf 

audit plus 13.7 if timer) 4 years 40-60 percent
Source Field Studies Judgment Judgment

Table 4 - Retrofit Device Savings
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Brown and Caldwell, Residential Water Conservation Projects, Summary Report, U.S. 
Department of Housing and Urban Development, June 1984. 
 
Chesnutt, T.W., C.N. McSpadden, and A. Bamezai, Ultra Low Flush Toilet Programs: Evaluation 
of Program Outcomes and Water Savings, A report for the Metropolitan Water District of 
Southern California, July 1995. 
 
Chesnutt, T.W., C.N. McSpadden, and D.M. Pekelney, What is the Reliable Yield from 
Residential Home Water Survey Programs?, Presented at the AWWA Conference in Anaheim 
CA, June 1995. 
 
Chesnutt, T.W., C. N. McSpadden, S. A. Adnan, and A. Bamezai, A Model-Based Evaluation of 
Irvine Ranch Water District Residential Retrofit and Survey Water Conservation Projects, A 
report for the Metropolitan Water District of Southern California, August 1992. 
 
Chesnutt, T.W., Bamezai, A., and C.N. McSpadden, Continuous-Time Error Components 
Models of Residential Water Demand, A report for the Metropolitan Water District of Southern 
California, June 1992. 
 
Chesnutt, T.W. and C.N. McSpadden, A Model-Based Evaluation of the Westchester Water 
Conservation Programs, A report for the Metropolitan Water District of Southern California, 
January 1991. 
 
Chesnutt, T.W. and C.N. McSpadden, The Evaluation of Water Conservation Programs:  What 
is Wrong with the Industry Standard Approach?, A report for the Metropolitan Water District of 
Southern California, January 1991. 
 
Chesnutt, T.W. and C.N. McSpadden, Improving the Evaluation of Water Conservation 
Programs, A report for the Metropolitan Water District of Southern California, January 1991. 
 
Hahm, W. and T.W. Chesnutt, Data Used in the Evaluation of the Los Angeles Department of 
Water and Power Home Water Survey, A report for the Los Angeles Department of Water and 
Power, September 1994. 
 
Metropolitan Water District of Southern California (MWDSC) and the Municipal Water District of 
Orange County (MWDOC), “ Orange County Saturation Study,”  July 2002. 
 
Steirer, M. A. and M. I. Broder, Residential Water Survey Program Final Report for Fiscal Year 
1994-95, Prepared by the City of San Diego Water Utilities Department Water Conservation 
Program, November, 1995. 
 
Pekelney, D.M., and T.W. Chesnutt, “Reference Document: Program Design Tool and Savings 
Estimates,” A&N Technical Services (1995), for MWDSC. 
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2.8 Residential Surveys 
 
 
2.8.1 Device/Activity Description 
 
Residential home surveys target both indoor and outdoor water use. In practice, home surveys 
usually imply a site visit by trained staff that (1) solicit information on current water use practices 
and (2) make recommendations for improvements in those practices.  Sometimes indoor 
plumbing retrofit devices are directly installed when appropriate.  The outdoor portion of the 
survey can vary widely, ranging from an intensive outdoor water efficiency study (turf audit, 
catch can test, and written recommendations for irrigation scheduling or landscape changes) to 
provision of a brochure on outdoor watering practices. 
 
 
2.8.2 Applicable BMPs 
 

• BMP 1 – Residential Water Surveys. 
• BMP 2 – Residential Plumbing Retrofit.  Residential surveys may involve plumbing 

retrofits. 
• BMP 6 – High Efficiency Washing Machines.  Residential surveys may result in washing 

machine replacement.  
• BMP 10 – Wholesale Agency Assistance.  Surveys are applicable to wholesale 

assistance and incentive programs. 
• BMP 14 – Residential ULFT. Residential surveys may result in ULFT replacement.  

 
 
2.8.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
The Contra Costa County Water District (CCWD) conducted a residential water audit evaluation 
that was designed to determine the water savings from a program that was implemented from 
1989 to 1993 (Source 4).  Of the 4,390 audits CCWD conducted, 2,216 were selected for the 
evaluation study because the customers: (1) had complete audits (indoor and outdoor), (2) had 
only one audit, and (3) stayed in the same home for the five-year study period.  After statistically 
controlling for indoor and outdoor household characteristics, the study determined that audit 
savings were between 6 and 24 percent with an average of 16 percent.  The study found that 
water savings were higher in the summer and homes with irrigation timers used more water 
than homes without timers. 
 
Two methods of estimating savings from residential home surveys are provided.  The first 
estimates one total number for survey savings and the second estimates a number for each of 
the components of the survey.  Both sets of figures are derived from the statistical analyses of 
data collected in field studies.  The second method allows design of the survey using different 
components. 
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Total Survey Savings Method 
 
Savings from Intensive Home Surveys Targeted to High Water Users: 
 

• 32.2 gpd per single family household (weighted average of targeted surveys in Sources 
1 and 2). 

 
Savings from Untargeted Intensive Home Surveys: 
 

• 21 gpd per household (1/3 the above amount, observed ratio in Source 1). 
 
Survey Components Method 
 
The savings estimates in Table 1 indicate the device savings from various survey components. 
One can estimate savings from different design surveys by choosing the component savings 
from the table. Method 1 accounts for savings decay by showing the savings over a number of 
years representing the device life span.  Method 2 provides  alternative, whereby the savings 
are reduced by the indicated percent over the period of analysis or until savings approach zero. 
 

Persistence 
 
The persistence of water savings is one of the central issues to estimating the cost-
effectiveness of residential home surveys. This issue is rarely addressed in empirical impact 
evaluations because of the expense and intrinsic difficulty of providing a multiple-year measure 
of impact. One such example was based on data from a field study in Los Angeles (2). 
Examining early participants and four years of post-intervention water use data, the following 
graph was developed. 
  
Figure 1 plots the average annual net water savings for each year following the initial home 

Method 1 Method 2

Survey Component Device
Initial Savings

(gpd per device)
Device Life

Span
Device Decay
Rate per Year

Low Flow Showerheads 5.5 gpd 3-7 years 20-30 percent
Toilet Displacement Devices 4 gpd 2-5 years 40-60 percent
Faucet Aerators 1.5 gpd 1-3 years 40-60 percent

Toilet Leak Detection

.64 gpd (8 gpd per repaired 
leaking toilet; 8 percent of 

toilets leak) 7-10 years 1-2 percent

Other Household Leak Check

.5 gpd (12.4 gpd per 
household repair; 4 percent of 

households with leaks) 7-10 years 1-2 percent
Turf Audit 12.2 4 years 40-60 percent

Turf Audit with Timer
25.9 gpd (12.2 gpd for turf 

audit plus 13.7 if timer) 4 years 40-60 percent
Source Field Studies Judgment Judgment

Table 1 - Component Savings
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survey. The net water savings held up surprisingly well during the first three years. The fourth 
year appears to give some evidence of a decline in water savings, but some caveats are in  
order. First, there is a greater amount of uncertainty surrounding the savings in the fourth year. 
This is due to the smaller sample size of Phase I participants that possessed four years of post-
intervention water use. The broader bands of uncertainty surrounding the fourth year of water 
use make it more difficult to discern any decline in water savings. Second, the estimated level of 
water savings in the fourth year may also reflect characteristics of the smaller sample of early 
participants that does not reflect later participants. The authors caution against drawing too 
much inference about the magnitude of decay in water savings from this early evidence and 
recommend more long-term follow-up of conservation program results. 
 
The CCWD (1994) study calculated water savings persistence in three time periods subsequent 

to audit implementation:  “Savings over the first year, second year, and beyond average 17 
percent, 16 percent, and 13 percent respectively.” 
 
Limitations 
 
The persistence of water savings from residential surveys remains a difficult quantity to predict.  
 
Confidence in Estimates 
 
Low. 
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2.8.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Participant program costs may include: 
 

• Cost of survey devices/materials if not fully subsidized 
• Installation cost if not fully subsidized 

 
Supplier program costs may include: 
 

• Staff time to develop survey materials, target sites, and conduct survey (if not contracted 
out) 

• Survey equipment and devices 
• Administration 
• Contractors 
• Marketing  

-Whitcomb 1994 (CCWD) estimated their program costs as they were incurred in their 1993 
program implementation, and reported in 1994. 
 
The following are professional judgments of costs by conservation program coordinators and 

managers, as reported in A&N Technical Services (1995): 
 

• Survey, targeted indoor/outdoor: $200 
• Survey, untargeted indoor: $40 
• Low flow showerheads, kit: $2 

Action Hours Costs
Labor

Audit 1.25@ $15.43/Hour $19.28
Administrative Costs 5.86$    
Labor Subtotal 25.14$  

Equipment
Showerhead 0.61@ $2.49 1.52$       
Toilet dam 1.54@ $1.20 1.85$       
Bucket (1993 only) 1.80$       
Faucet aerator 1.19$       
Information material 3.50$       
Hose nozzel 0.99$       
Milage 17 mi.@ $.28/mi. 4.76$       
Equipment Subtotal 15.61$     

Total 40.75$     
Reproduced from CCWD 1994.

Table 2 - Cost of Residential Audit
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• Moisture sensor, residential: $125 
• Irrigation timer, residential: $230 
• Swimming pool/spa covers: $5-150 
• Low flow showerheads, direct install: $10-15 

 
 
Plumbing retrofit costs are estimated in Water Resources Engineering, Inc. (2002) as follows: 
“Device or material costs were obtained from large manufacturers/providers throughout the 
United States.  Labor costs were assumed at $36 per hour for a laborer and $60 per hour for a 
technician or a plumber.  The times required to complete the various tasks were approximated 
from literature on the subject and/or information from professionals in the field.”  Additional 
estimated costs are listed in Table 3. 
 

Table 3 – Estimated Costs of Implementation for Retrofit Strategies 
Install low-flow faucet aerators $2 
Install low-flow showerheads $5-$17 
Install toilet displacement devices $1 
Install quick-closing flappers in toilets $14-$22 
Adjust water level in toilets $20-$32 
Detect and repair toilet leaks $11-29 
Detect and repair faucet leaks $6 
Detect and repair showerhead leaks $6-$10 
Install free aerators, showerheads, toilet 
inserts 

$12 installation cost per set for each 
apartment unit 

Source: Reproduced plumbing retrofit costs from Water Resources Engineering, Inc. (2002) 
 
 
Limitations 
 
Costs vary with scale of the program and the weather—hot and dry periods make for easier 
marketing to many residential customers.  
 
Confidence in Estimates 
 
Low-Medium.  Achieved conservation from residential home water surveys can vary widely 
depending upon: (1) the content of the survey, (2) the targeted marketing, and (3) the water and 
wastewater rate structures in place. 
 
 
 
2.8.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
Water Savings = Survey_Savings * Number_of_Surveys 
 
Factors to Consider in Applying the Formula 
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Survey savings can vary greatly depending on weather, water rates, and follow-up.  Multiplying 
by “Number_of_Surveys” as shown above allows the calculation of program savings, not just 
from a single survey, assuming constant savings by scale.  Survey_Savings is an average over 
the years of estimation, with decay imbedded. 
 
Example Calculation 
 
Water Savings = Survey_Savings * Number_of_Surveys 
 
11,000 gpd per 1000 Surveys = (5.5gpd + 4gpd + 1.5gpd)  * 1000 Surveys 
 
 
2.8.6 Questions to Ask 
 

• Are there other agencies that you can develop partnerships with to make your program 
more cost effective? 

• Does your agency have access to grant or other partnership type funding? 
• Is the survey targeted, and to whom? 
• What marketing technique(s) will be used to enlist customer participation and will the 

selected technique(s) include incentives? 
• How many times are customers contacted? 
• What are climatic conditions, and do you have the ETo for determining the right 

application of water? 
• Are the landscape areas generally small or large, are most watered by hand or by 

automatic sprinkler system? 
• Do you intend to conduct the surveys with agency personnel or contract out? 
• Does your agency allow your personnel or contractor to enter the customer’s home? 
• What are the elements of the survey (devices, actions, etc.)? 
• Do you have estimated or comparative costs for survey/device components and method 

selected to implement the program? 
• If you intend to provide devices (BMP 2) or ULFTs (BMP 14) with your survey program, 

will your personnel or the contractor install the devices and/or ULFTs.  If not, how will 
installations be verified? 

• How will you use the survey results and will results be tied to a customer specific 
database (customer conservation screen)? 

• Are you going to design and maintain a database covering all participants and program 
results? 

• Can you influence how the cost of this program is accounted for?  If capitalized, the cost 
impact will be spread over “x” number of years and reduce the rate impact.  If expensed, 
will the cost of your program have to be recovered in one year? 

 
 
2.8.7 Sources 
 
Bamezai, A. and T.W. Chesnutt, Residential Water Audit Program: Evaluation of Program 
Outcomes and Water Savings, a report for the Metropolitan Water District of Southern 
California, December 1994. 
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Chesnutt, T.W., C.N. McSpadden, and D.M. Pekelney, What is the Reliable Yield from 
Residential Home Water Survey Programs?, presented at the AWWA Conference in Anaheim 
CA, June 1995. 
 
Water Resources Engineering Inc., “Retrofitting Apartment Buildings to Conserve Water,” for 
U.S. Department of Housing and Urban Development, May 2002. 
 
 
 
Pekelney, D.M., and T.W. Chesnutt, “Reference Document: Program Design Tool and Savings 
Estimates,” A&N Technical Services (1995), prepared for the Metropolitan Water District of 
Southern California. 
 
Whitcomb, J.B., Residential Water Audit Evaluation, prepared for Contra Costa Water District, 
August 1994. 
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2.9 Ultra Low Flush Toilets (Residential) 
 
 
2.9.1 Device/Activity Description 
 
“Ultra-low-flush” (ULF) toilets are low-water-using toilets. Specifically, ULF toilets must use no 
more than 1.6 gallons per flush.  ULF toilets employ gravity fed technology optimized for 1.6 gpf, 
pressure assist technology, and tip-bucket technology—the latest design introduced to the 
market. 
 
“High-efficiency” toilets (HET) are defined as those with flush volumes 1.3 gpf or better (Koeller 
2004).  HET ‘s currently  employed dual-flush and pressure-assist technologies. 
 
 
2.9.2 Applicable BMPs 
 

• BMP 1 – Residential Water Surveys.  Complete residential surveys may result in ULFT 
replacement. 

• BMP 2 – Residential Plumbing Retrofit.  Concerns toilet retrofit devices rather that ULFT 
replacements. 

• BMP 13 – Wholesale Agency Assistance.  ULFT replacements are applicable to 
wholesale assistance and incentive programs. 

• BMP 14 – Residential ULFT Replacement.  Fully applicable for the residential sector. 
 
 
2.9.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
The most rigorous ULF toilet savings estimates to date are based on a series of field studies 
that examined the change in metered water consumption of more than 23,000 residential 
households and customers in Los Angeles, San Diego, and Santa Monica.  Based on these field 
studies we present a primary method for estimating ULF toilet savings that adjusts the per toilet 
saving estimate for household density--number persons per household. Separate extrapolation 
equations are provided for both single family and multiple family sectors.  Statistical models 
were estimated from the field study data to examine the relationship between savings and 
household density. 
 
Also presented is a secondary method for estimating toilet savings based upon the number of 
first, second, and third toilets replaced. One of the findings from field studies was the declining 
marginal effectiveness of ULF toilets--two toilets do not save twice as much as one toilet.  When 
information on the number of replaced toilets per household is available to conservation 
planners, this secondary method can yield more accurate estimates of ULF toilet conservation 
potential.  
 
Per capita extrapolation assumes that the number of persons per household among participants 
is precisely equal to that of the service area in question. This relationship may not hold true 
depending upon how the ULF toilet programs are marketed.  For example, many of the single 
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family toilet rebate program participants exhibit, on average, a lower household density than the 
service area average.  Several possible explanations for the difficulty of reaching high density 
households exist.  Because density and income are inversely related, low income households 
may face tighter cash flow constraints.  Conservation planners should give careful thought to the 
assumption of persons per household that drives per capita estimates of ULF toilet water 
conservation potential. 
 
The number of persons per dwelling is often used as the primary adjustment factor in 
mechanical estimates of conservation potential.  To illustrate, consider an often used reduction 
factor of 15.6 gpcd (gallons per capita per day).7  A short list of the most important problems 
with this method to estimate savings for ULF toilets includes:8 
 

(1) It assumes a constant per capita effect for both single family and multiple family 
households. There are many reasons why multiple family savings should differ from that 
experienced by the single family sector. Existing multiple family toilets tend to be older, 
less well maintained, and less likely to be retrofitted with a toilet displacement device. 
Further, one cannot rule out the possibility of fundamental differences in toilet use habits. 
In sum, an equivalence in ULF toilet saving potential would be far more surprising than 
any differences9. 

 
(2) It assumes strict linearity in savings.  The assumption of perfect proportionality (four 

persons save four times as much as one) also runs afoul of findings from field studies. 
The water savings per household do not increase in a one-to-one relationship with the 
number of inhabitants.  As documented in A&N Technical Services (1992a, Appendix B) 
functions were estimated from field data to fit observed conservation from ULF toilet 
replacement.  Separate functions were estimated for single family households and for 
multiple family households.  Both functions tested for and rejected the hypothesis of a 
linear per capita effect at high levels of confidence.  The estimated functions were 
referred to as conservation “mappings” because they map from household 
characteristics (persons per household and ULF toilets replaced per household) to 
expected household water savings. 

 
(3) It provides no guidance for situations of less than complete ULF toilet replacement. 

 
(4) It requires knowledge of the number of persons per household. 

 
Field studies show that the first two assumptions do not exist in real world conservation 
programs.  Problem (1) can be addressed by separately estimating extrapolation equations for 

                                                 
7This is based on 4 flushes per day and 3.9 gallons per flush savings. The source is Brown and Caldwell, 
Residential Water Conservation Projects, Summary Report, U.S. Department of Housing and Urban 
Development, June 1984, also known as Athe HUD Study@. This was an important early empirical study 
of residential water conservation. Its quick adoption and wide use for extrapolation in the water industry 
attests to its ground-breaking nature. We cite the report both because it is widely used and because 
extrapolations citing the report are often poorly implemented.    
8Additional problems not addressed here are more technical in nature. Even if the functional form were 
accurate, a gpcd extrapolation yields an Abiased@ estimate and produces no estimate of uncertainty. 
Both of these issues are documented in A&N Technical Services (1992c) pp. 12-13. 
9The oft-cited AHUD Study@ (op. cit.) only includes single family households and therefore cannot offer 
any empirical weight to bear on questions of multiple family water savings differences. 
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single family and multiple family sectors.  Problem (2) can be addressed by permitting the 
estimated equation to take on a nonlinear form.  The primary method of estimating expected 
savings involves estimation of separate single family and multiple family equations (see below). 
 
Stratus Consulting (2002) estimates free riders in four service territories that includ rebate, 
voucher, and free installation programs.  Free riders are defined as “program participants who 
would have replaced their toilets within 12 months of the time they did even if the program did 
not exist.”  The results show free riders from the rebate programs of Contra Costa Water 
District, and  Municipal Water District of Southern California to be 60.1% and 62.5% 
respectively. Free riders attribute for 44.9% for the voucher program by the San Diego County 
Water Authority, and 31.7% for the free distribution program by the Los Angeles Department of 
Water and Power. 
 
Niagra (2003) states that their “Flapperless” tip-bucket toilet “uses 54% less water than a 
common 3.5 gallon toilet.” 
 
Canada Mortgage and Housing Corporation (2001) report that 50 percent of 6-liter toilets tested 
had a flow rate greater than 6 liters. 
 
NAHB (2002) report the results of performance testing of ULF toilet fixtures.  The study shows 
that there is an important difference in the performance characteristics between various toilet 
models.  Further, replacement of flapper valves with generic flappers not particularly designed 
for the toilet in question resulted in flow rates of 1.03 to 4.66 gpf.  Of the 33 models tested with 
the generic flapper, 28 used more than 1.6 gpf, with an average of 2.91gpf. 
 
A&N Technical Services (2001) found savings of 21.8 gallons per day per toilet replacement, 
which corresponds to a 10.6 percent reduction in total water consumption among participants. 
 
 
Veritech Consulting and J. Koeller (2003, 2004) report the results of performance testing of a 
wide range of ULF toilets.  Of the 44 “off the shelf” toilet models tested, only 24 met the 250 
gram performance benchmark.  Of the 24, 11 met a 500 gram test. 
 
 

Dual-Flush and Flapperless Toilets 
 
Koeller (2002) extracts flush-volume results from three recent studies for the inefficient fixture 
before replacement and the dual-flush under study: 
 
Canada Mortgage and Housing Corporation (2002, first source in table 1) reports also that dual-
flush toilets reduced consumption by 26 percent more than 6-liter toilets. 
 
Aquacraft (2000, second source in table 1) found that the ULF toilets that were installed, which 
included some dual-flush toilets, saved an average of 10.9 gcd.  The dual-flush installations 
saved 24 percent more than the 1.6 ULF toilets.  Double-flush frequency differences were not 
statistically significant for either the before / after or the ULF toilets / dual flush comparisons. 
 
PNNL (2001, third source in table 1) also reports toilet savings of 2.6 gpf, representing a 67 
percent savings, and that toilet savings are the largest category of savings among all, which 
included clothes washers, dishwashers, showerheads, and aerators. 
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Table 1 – Flow Volume for Dual-Flush Toilets 
Veritec Consulting/CMCH (2002) 3.72 gpf 1.11 gpf 
Aquacraft/Seattle (2000) 3.61 gpf 1.25 gpf 
PNNL/Oregon (2001)  3.9 gpf  1.3 gpf 
Source: Primary sources summarized in Koeller (2002). 
 
Aquacraft (2004) found flush volumes for the Niagra Flapperless toilet to be 1.57 gpf with a 
standard deviation of .14. 
 
Aquacraft (2003) found flush volumes for the Niagra Flapperless toilet to be 1.7 gpf with 9 
gallons per capita per day.  The Coroma dual-flush averaged 1.34 gpf with 9.9 gallons per 
capita per day—higher than the Flapperless due to a higher number of flushes. 
 
Mohadjer (2004) reports 21.8 gallons per day savings from the Niagra Flapperless toilet, and 
26.8 gallons per day from the Caroma dual-flush.  The Gerber ULF toilet saved 19.8 gallons per 
day.  These figures represent the saving from the lower flush volume of the new toilets.  The 
study identified savings from eliminating leaks in the old toilets separately from the savings from 
decreased flush volumes; 46 percent of the total savings can be attributed to leak repair—an 
average of 19.3 gpd. 
 
Persistence 
 
The most recent field study tested for, and could not detect, any downward trend in the level of 
water savings amongst early participants in ULF toilet programs in Los Angeles and Santa 
Monica.  It had been hypothesized that much of the water savings initially observed from ULF 
toilet replacement came from the removal of previously leaking toilets.  If this were the case, 
one might expect to see a distinct decline in the level of water savings over time; as ULF toilets 
age, they too would eventually become as leaky as the toilets replaced.  Results from the first 
three years of ULF toilet programs cannot discern any such downward trend in water savings.  
Data from single family survey programs in Los Angeles and San Diego also suggest that the 
magnitude of leaking toilet problem may be overstated.  Leakage rates among toilets tested 
were 4-5.6 percent among participants in the City of San Diego Water Conservation residential 
surveys and 7 percent among participants in the City of Los Angeles Home Survey Program.  
Another hypothesis for savings decay is that background saturation levels of ULFTs is 
increasing, cutting into incremental savings. 
 
University of Arizona (2000) report in their follow up of aging low consumption toilets that the 
actual flow rate was on average 24 percent higher than the 1.6 gpf design rating, as well as a 
somewhat higher rate of flapper leaks and double flushing. 
 
 
 
 
Limitations 
 
More research needs to be done on the persistence of savings and savings at different levels of 
background saturation.  Saturation rates may have changed since the studies were conducted. 
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Confidence in the Estimates 
 
High.  These estimates are based on rigorous field studies. 
 
 
2.9.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Participant program costs may include: 
 

• Cost of ULF toilet and installation not reimbursed by rebate 
 

Supplier program costs may include: 
 

• Staff time to administer rebate program 
• Rebate incentive 
• Administration 
• Contractors 
• Marketing 

 
City of Santa Monica planning documents for their BAYSAVER Phase I and II Programs 
estimate cost of ULF toilets in different sectors (Santa Monica 1989 and 1992).   A&N Technical 
Services (1995) also examine the cost of ULF toilets in its study of toilet savings.  As 
demonstrated in the CUWCC Cost-Effectiveness Guidelines, these figures can be used to show 
that costs vary not only by sector but by delivery mechanism—rebate or direct install programs.   
The ULFT Study reports retail toilet purchase costs of $130 and the BAYSAVER Phase II 
Proposal reports that ULF toilet prices are falling and are available for as low as $100.  Bulk 
purchases were made at approximately $60 per toilet. The purchase cost estimate comes from 
the direct installation program in the City of Santa Monica. 
 
A key determinant of cost of the BAYSAVER Program is the delivery mechanism for the ULF 
toilets.  About half of the single family ULF toilets were delivered with the “rebate” option and 
half were directly installed.  In contrast, the majority of multi-family and commercial ULF toilets 
were directly installed.  With the rebate, the participant purchases and installs the toilet, after 
which the City provides a rebate check ($75 in BAYSAVER Phase II).  With direct installation, 
the City purchases and installs the toilet and the customer provides a co-payment ($35 in 
BAYSAVER Phase II).  
 
With the rebate, customers purchase the ULF toilet at retail; with direct installation, the City 
purchases the toilets in bulk at wholesale.  Although single family installation costs are 
approximately $70, they are considerably less when negotiated in large numbers by the City for 
direct installation and for multiple family sites where economies of scale become apparent ($50 
and $40 respectively).  Other costs of the program include rebate processing, advertising, and 
workshops. 
 
With the rebate, from the customer perspective, costs include the acceleration in toilet 
replacement costs, including installation, less the rebate.  Table 2 shows the costs to replace a 
new toilet.  With direct installation, from the customer perspective, costs include only the $35 co-
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payment—again, this should be the acceleration in costs. From the total society perspective, 
costs include the acceleration in the costs of the toilet, its installation, and other costs.  From the 
supplier perspective, costs include of the direct installation program including the toilet, its 
installation, and other costs, less the customer co-payment. 
 

Dual-Flush and Flapperless Toilets 
 
Canada Mortgage and Housing Corporation (2002) reports the costs of the toilets used for their 
dual-flush study were “approximately $160 for the Aris 6-litre, $170 for the Flapperless 6-litre, 
$300 for the Drake, $300 for the Tasman dual-flush and $400 for the Caravelle dual-flush.” 
 
Limitations 
 
Costs depend on program design.  Rebate programs, direct installation, and other programs 
need to be clearly defined.  Cost estimates should be viewed in light of the time that has 
elapsed since the above figures were reported and with respect to the scale of the program 
under consideration (volume purchases).  Finally, some of the early toilet replacement programs 
faced the problem that installed ULFTs did not work well and suppliers faced unforeseen costs 
of replacements. 
 
Confidence in Estimates 
 
Medium. 
 
2.9.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
Savings Calculation Primary Method:  Toilet Savings Adjusted for Household Density 
 
These equations assume that only household density information is available and savings 
estimates are desired on a per ULF toilet basis.  (If information on both persons per household 
and toilets per household were available, the conservation mappings could be directly used to 
produce predicted household water saving.  See Appendix B of A&N Technical Services 
1992a).  The resulting prediction of conservation from ULF toilets forms the dependent variable 
for the extrapolation equations.  Estimates of the parameters of the equations are obtained 
through the following regression models: 

Sector
Toilet Cost 

[1]
Installation 

[2]
Rebate

[3]

Other 
Costs

[4]

Participant 
Costs

[5]

Supplier 
Costs

[6]

Total 
Society 

Costs [7]
Single Family Rebate $120 $70 $75 $40 $115 $115 $230
Single Family Direct $60 $65 $40 $35 $130 $165
Multi-Family Direct $60 $55 $40 $35 $120 $155
Source: CUWCC Guidelines
All costs are dollars per ULF toilet
[4] “Other Costs” includes contract inspections and processing, advertising, workshops, and toilet recycling.
[5] = [1]+[2] - [3] for Rebate and $35 Copayment for Direct Installation 
[6] = [3]+[4] for Rebate and [1]+[2]+[4] - [3] for Direct Installation
[7] = [1]+[2]+[4]

Table 2 - Program Costs ($/ULFT)
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SSF =  6.693  * Persons_Dwelling  -  0.529  *  (Persons_Dwelling)2  +  7.826 
 
SMF = 19.138  *  Persons_Unit  -  0.942  *  (Persons_Unit)2  +  2.181  
 
Savings Calculation Secondary Method:  Toilet Savings Adjusting for Completeness of Retrofit 
 
The primary method of estimating toilet savings does not address problems (3) and (4). The 
secondary method addresses both problems--it corrects for the declining marginal effectiveness 
of ULF toilet replacements and requires no knowledge of the expected household density 
among program participants.  It only requires knowledge of number of toilets replaced per 
household. 
 
SSF =  29.9  *  Number of First Toilets Replaced + 
 20.6  *  Number of Second Toilets Replaced + 
 19.1  *  Number of (Third or higher) Toilets Replaced 
 
SMF =  44  *  Number of First Toilets Replaced + 
 34  *  Number of Additional Toilets Replaced 
 
Source: A&N Technical Services (1995) Table III-3 and III-4. 
 
Factors to Consider in Applying the Formula 
 
Additional secondary adjustments can also be made. Information on the distribution of 3.5 
gallon per flush and 5 to 7 gallon per flush toilets can be incorporated using methods 
documented in the CUWCC Memorandum of Understanding, Exhibit 6, Section II, amended 
March 9, 1994.  Few conservation planners, however, have access to accurate information on 
the mix of pre-existing toilets. 
 
Example Calculation 
 
Table 3 shows results from calculations of water savings for three hypothetical suppliers with 
different housing density. The calculations are based on the primary savings calculation method 
described above.  Examples of the complete cost-benefit analysis and cost-effectiveness 
analysis are illustrated in the CEA Guidelines, Chapter 4. 
 
      

Table 3 - Residential ULFT Savings Sample Calculation 

Supplier Yr 

Single Family 
Persons per 
Household 

Multi- Family 
Persons per 
Household 

Single Family 
Savings 

gpd/ULFT 

Multi-Family 
Savings 

gpd/ULFT 
Supplier A 1995 2.50 2.00 21.2 36.7
Supplier B 1995 3.50 3.00 24.8 51.1
Supplier C 1995 4.50 4.00 27.2 63.7
 
2.9.6 Questions to Ask 
 

• Are aging drain lines adequate to provide flow from 1.0 gpf toilets? 
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• Are there other agencies that you can partner with to make your program more cost 
effective? 

• Does your agency have access to grant or other partnership type funding? 
• What is the age of the housing stock in the relevant service area (pre or post code)? 
• Is the program targeted, and to which sector (SF, MF, low income, other) 
• Is your water service area metered or un-metered?  (Marketing and incentives will 

definitely vary based on your response to this question.) 
• Will your program be a free distribution; co-pay (customer and agency share in the cost); 

direct install (when use, often limited to low income and elderly); or rebate? 
• Will your program be conducted using agency personnel or contracted out? 
• Will your agency limit the approved models to those  toilets that have been tested for long 

term water savings and customer satisfaction? 
• Are installations verified? 
• Will results be tied to a customer specific database (customer conservation screen)? 
• Are you going to design and maintain a database covering all participants and program 

results? 
• Is this program in combination with other measures (showerheads, surveys, public 

education, price changes)? 
• Can you influence how the cost of this program is accounted for?  If capitalized, the cost 

impact will be spread over “x” number of years and reduce the rate impact.  If expensed, 
the cost of your program will have to be recovered in one year?  

• When applying an existing savings estimate, how similar is the service area in terms of 
socioeconomic characteristics and conditions? 
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2.10 CII Surveys, Cooling 
 
 
2.10.1 Device/Activity Description 
 
Commercial, Institutional, and Industrial (CII) surveys can range from short “walkthroughs” to 
sophisticated water efficiency studies.  Customers are targeted with a marketing strategy and 
incentives. Recommendations are made to reduce water consumption at the facility.  The 
recommended actions may then be implemented by the site managers.  One challenge is 
understanding the actual water savings that results from surveys; most of the published 
literature estimates saving from recommended conservation measures, but not the actual 
savings determined in a follow up study. 
 
Recommended measures include sanitation, irrigation, kitchen, industrial, cooling, laundry, 
wastewater, and others.  Savings and cost data for faucets, urinals, ULF toilets, and landscape 
irrigation are examined in other sections of this document.  This section focuses on cooling 
towers and industrial process savings. 
 
Two broad categories of water loss in cooling towers include bleed-off (draining cooling water) 
and uncontrolled losses (drift loss from mist and leaks).  In some parts of California nearly all 
cooling towers are re-circulating systems (as opposed to single pass systems) and many of 
these have conductivity controllers to automatically manage total dissolved solids by adjusting 
bleed-off and make-up.  Water savings potential for multi-pass systems are related to (1) better 
tuned conductivity controllers and (2) adding conductivity controllers if not present.  
 
Industrial process savings are a large category of potential savings, but they are as diverse in 
nature as the industrial base.  Industrial processes may include: metal plating, electronics 
fabrication, photographic processing, product water and rinses, in-plant cleaning, sterilizers, 
container cleaning, kitchens and water treatment and regeneration. 
 
 
2.10.2 Applicable BMPs 
 
BMP 9 – Conservation Programs for Commercial, Industrial, and Institutional Accounts.  
Implementation of this BMP includes: 

a) identifying and ranking CII customers according to use, 
b) establishing targets for ULFT replacements in the CII sector, and EITHER 
c) implementing water-use surveys and incentives to 10 percent of CII customers within 10 

years, OR 
d) achieving water use reductions equal to or exceeding 10 percent over 10 years.  

 
 
2.10.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
Western Policy Research (1996) has analyzed data for the Metropolitan Water District of 
Southern California on its CII survey program.  Three types of CII surveys have been 
conducted--analyst surveys, consultant surveys, and water efficiency studies--depending on the 
size of the site. 
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 Table 1 shows potential water savings from the three types of surveys.  Total potential savings 
shown in the table are based on implementing the full range of conservation recommendations. 
Table 2 shows the breakdown of potential savings by type of conservation measure.  Note that 
cooling savings, although sizable for analyst surveys and consulting surveys, are a small 
proportion of savings from water efficiency studies (the largest sites). 

PPI (2004) reports on water use surveys of a variety of commercial, institutional, and industrial 
facilities in the Santa Clara Valley Water District service area.  Particularly useful is the cross 
tabulation of savings by facility, industry, process, and conservation technology or activity.  
Table 3 shows the savings and costs estimated for conductivity controller recommendations for 
cooling towers in the hotel, electronics, food, and retail sectors.  Table 4 shows water and 
wastewater recycling system recommendations, and Table 5 shows savings estimated from 
process modifications and equipment upgrades. 

n
Median 

Reduction Factor
Mean Reduction 

Factor
Median Savings 
Potential (AF/yr)

Mean Savings 
Potential (AF/yr)

Analyst Surveys 145 20.3% 17.9% 1.9                       3.3                       
Consultant Surveys 22 18.0% 11.0% 8.4                       7.4                       
Water Efficiency Studies 12 17.8% 29.2% 15.6                     72.1                     
Source: WPR (1996)

Table 1 - CII Survey Potential Savings 

End Use Water Use Pot.Savings Water Use Pot.Savings Water Use Pot.Savings
Sanitary 33.3 50 9.3 24.6 4.8 5.1
Cooling 14.9 14 10.8 14.2 6 1
Irrigation 23.6 18.5 15.7 22.5 5.4 6.1
Other 28.2 17.5 64.2 38.7 83.8 87.8
TOTAL 100 100 100 100 100 100
Source: WPR (1996)

Wat. Eff. StudiesConsultant SurveysAnalyst Surveys

Table 2 - Percentage Breakdown of Water Use
 and Potential Savings By Broad End Use

Recommendation

Total Potential 
Water Savings 

(gals)

Percent of 
Total Water 

Savings

Total Annual 
Cost 

Savings

Estimated 
Technology 

Cost ($)

Payback 
Period 
(yrs) Industry

EmbassySuites(CR=3) 547,000           0.15% 2,091$         4,000$          1.9 Hotel
Maxim#1(CycleRate=4) 122,500           0.03% 249$            4,000$          16.1 Electronics
Maxim#2(CycleRate4) 238,000           0.06% 483$            4,000$          8.3 Electronics
Maxim#3(CycleRate2.5) 1,424,500        0.39% 2,892$         4,000$          1.4 Electronics
MohawkPackaging#1(CR=1.1) 159,684           0.04% 1,036$         4,000$          3.8 Food
MohawkPackaging#2(CR=1.1) 159,684           0.04% 1,033$         4,000$          3.8 Food
MohawkPackaging#3(CR=1.1) 159,684           0.04% 1,033$         4,000$          3.8 Food
MohawkPackaging#4(CR=1.1) 159,684           0.04% 1,033$         4,000$          3.8 Food
MohawkPackaging#5(CR=1.1) 159,684           0.04% 1,033$         4,000$          3.8 Food
MohawkPackaging#6(CR=1.1) 159,684           0.04% 1,033$         4,000$          3.8 Food
Safeway#1(CR=3) 365,000           0.10% 1,396$         4,000$          2.9 Retail
Source: Table reproduced from PPI, Inc. 2004, Table 3.7; industry information from Appendix B.

Table 3  -  Conductivity Controllers Recommendations for Cooling Towers
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Sweeten and Chaput (1997) report analyses of CII surveys at a broad range of sites, ranging 
from large industrial facilities to smaller commercial and institutional sites (source data for the 
WPR study cited above).  Overall, the surveys identified a potential savings of 29 percent, 30 
percent of which was reported to be implemented in follow-up telephone calls.  The study further 
reports that large industrial sites have the greatest potential savings, but technical complexity 
makes achieving those savings challenging.  Successful savings at large industrial facilities 
would be facilitated by working with performance-based contractors or manufacturer’s 
representatives with an interest in the efficient operation of process equipment. 
 
Ploeser, Pike, and Kobrick (1992) present estimates of use and savings potential for cooling 
towers for different types of CII sites. The savings programs may have included conductivity 
controllers, cooling water management (sulfuric acid, filtration, etc.), addition of recirculation 
system, or air cooling systems.  The study only makes gross savings potential estimates so 
these conservation methods are indistinguishable from each other. 
 
 
 
Lelic and Blair (2004) reported a 21 percent decrease in cooling tower make up water as a 
result of variable speed drives for cooling fans. Energy savings are reported as well. 
 
Gentili (2003) reports the savings from increasing the cycles of concentration with controllers of 
1,850,000 and 1,250,000 gallons per year respectively from two large cooling towers. 
 

Company Facility

Total 
Potential 

Water 
Savings 

(gals)

Percent of 
Total Water 

Savings
Total Annual 
Cost Savings

Estimated 
Technology 

Cost ($)

Payback 
Period 
(yrs) Industry

Accretech 2,800,000 0.76% 20,608$        26,000$         1.7 Electronics
CAPaperboard 58,968,000 15.95% 170,000$      230,000$       0.6 Paperboard
ConAgra 52,000 0.01% 9,966$          3,700$           0.4 Food
Komag 26,748,000 7.23% 225,242$      100,000$       0.5 Electronics
MaximIntegrated 25,762,464 6.97% 285,751$      185,000$       1.0 Electronics
MohawkPackaging 520,000 0.14% 2,512$          3,700$           1.5 Food
NovellusBuilding81 5,493,124 1.49% 27,143$        75,000$         1.7 Electronics
NovellusBuilding4000 14,000,305 3.77% 106,122$      85,000$         0.8 Electronics
PrudentialOverallSupply 2,080,000 0.56% 21,525$        65,000$         3.0 Laundry
SJValleyPlating 1,231,360 0.31% 5,430$          45,000$         N/A Metal Finishing
SmurfitStone 73,584,000 19.90% 529,453$      750,000$       1.4 Paperboard
SmurfitStone(FelShowers) 23,652,000 6.40% 173,132$      250,000$       1.4 Paperboard
TycoElectronics 1,558,440 0.42% 57,925$        110,000$       2.0 Electronics
Source: Table reproduced from PPI, Inc. 2004, Table 3.6; industry information from Appendix B.

Table 4  -  Water and Wastewater Recycling System Recommendations

Facility Recommendation

Total Potential 
Water Savings 

(gals)

Percent of 
Total 
Water 

Savings

Total 
Annual 

Cost 
Savings

Estimated 
Technology 

Cost ($)

Payback 
Period 
(yrs) Industry

CAPaperboard Dynamic Seals – Paperboard Industry 19,292,000     5.22% 77,168$    50,000$      1.5 Paperboard
SmurfitStone Dynamic Seals – Paperboard Industry 23,652,000     6.40% 173,132$  50,000$      0.3 Paperboard
SmurfitStone Felt Showers Spray Valves – Paperboard 18,980,000     5.10% 3,780$      Unknown 0.0 Paperboard
ConAgra CHP* System & Sanitary Sprayers 2,700,100       0.73% 13,042$    20,000$      1.5 Food
MohawkPackaging CHP* System & Sanitary Sprayers 2,700,100       0.73% 13,092$    20,000$      1.5 Food
Smurfit-Stone CHP* System & Sanitary Sprayers 2,920,000       0.79% 21,374$    10,000$      0.5 Paperboard
*Central High Pressure (CHP) System & Sanitary Sprayers
Source: Table reproduced from PPI, Inc. 2004, Table 3.6; industry information from Appendix B.

Table 5  -  Process Modifications and Equipment Upgrade Recommendations
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EPA/CADWR (1997) conducted a national study that included 13 cities across the country to 
determine the savings potential from commercial water users.  A total of 22 categories of water 
users were considered.  Aside from toilets and landscape, water uses included laundries, 
kitchens, process water, and cooling towers.  Average water savings potential ranged from 9 
percent to 31 percent. 
 
Whitcomb (2001) provides a comprehensive overview of the requirements of BMP 9 and the 
implementation of programs in service thereof.  Case studies are included to illustrate how to 
successfully design, promote, and implement CII water conservation programs. 
 
DeOreo, Gentili, and Mayer (2004) report that 2.5 AFY savings from supermarkets in Southern 
California can be expected from water efficiency measures. 
 
Sinclair and Phibbs (2004) report 35% savings from conservation measures at an automobile 
assembly plant. 
 
Smith and Yuhas (2004) report savings potential of 40% at ICI sites including offices, hotels, 
restaurants, community centers, churches and child care facilities. 
 
CA DWR (2004) presents a series of case studies that contain savings estimates in a variety of 
CII processes, including: cleaning process at an automotive paint manufacturing, boiler water 
blow down recovery, clothes laundry pre-treatment recycling, leak repair in the retail sector, 
insulation and reuse at a dairy plant, recycling, reuse, process modification at a food processing 
plant, repairing steam and water leaks and install low flow devices at a medical facility, clean-in-
place systems at an ice cream plant, spray nozzles at an animal research facility, purification 
and water recovery at a bottling plant, recycling de-ionized water at an automobile plant,  and 
reducing wash water flow at a fruit processing plant. 
 
Vickers (2001) presents a series of case studies based on referenced primary sources in the 
areas of water recycling in the manufacture of printed circuit boards, process washing in the 
manufacture of semiconductor chips and other electronic parts, salt-water air scrubbing of 
VOCs, metal finishing rinse water, and materials transfer such as agricultural produce fluming.  
In addition, this volume contains an extended exposition of the water use and conservation in 
cooling towers.  One case study described a cooling tower that achieved 75 percent savings in 
makeup waster by installing a new valve and a conductivity controller. 
 
 
Persistence 
 
No study considering the persistence of savings from CII survey programs has been found. 
 
Limitations 
 
The savings figures reported here are potential savings based on full implementation of survey 
recommendations.  Actual savings achieved may be considerably different due to partial 
implementation or different than expected effectiveness.  Because of CII site heterogeneity and 
limitations of the study sample, extrapolation of findings to CII sites outside the sample should 
be done with caution and qualifications. 
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Confidence in Estimates 
 
Low when generalized outside the study sample.  Future efforts should include empirical 
measurement of water savings considering behavior (maintenance, etc.); the interaction of 
multiple conservation technologies (water maintenance, filtration, etc.); the diversity of such CII 
sites and savings technologies; the persistence of savings, and the relationship between 
recommended conservation actions and those actually implemented. 
 
2.10.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Participant program costs may include: 
 

• Costs of additional water savings equipment or processes that would not have been 
utilized without the audit. 

Supplier program costs may include: 
 

• Staff time to audit water users and make recommendations, if not contracted out. 
• Administration 
• Contractors 
• Marketing 

 
Table 6 shows the costs of full implementation of the recommendations from each of the three 
different types of CII surveys in the WPR study.  Rebates or financial incentives are not 
subtracted from these figures.  Table 7 shows the costs and cost-effectiveness of the surveys.  
Total costs are the sum of customer costs to implement the recommendations and survey costs. 
 
 

Analyst Survey
Consultant 

Survey
Water Efficiency 

Study
Average Survey Cost $600 $1,484 $8,121
Average Potential Savings/Yr. 3.3 AF 8.4 AF 35.9 AF

   100% of average potential 43$                      42$                      54$                      
     80% of average potential 54$                      52$                      67$                      
     60% of average potential 72$                      70$                      89$                      
     40% of average potential 108$                    105$                    134$                    
     20% of average potential 216$                    210$                    268$                    
Source: WPR (1996)

Cost of Saved Water ($/AF)

Table 7 - Cost-Effectiveness of CII Surveys

Median Cost Mean Cost
Analyst Surveys 1,014$                 3,598$                 
Consultant Surveys 6,828$                 12,387$               
Water Efficiency Studies 30,035$               97,527$               
Source: WPR (1996)

Table 6 - CII Survey Costs of Full Implementation
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Tables 3-5 show costs of the surveys reported in PPI 2004. 
 
Lelic and Blair (2004) report the cost of a variable speed drive installation is $3,000 for hardware 
and parts, plus part time staff time over four days.  Down time was less than 40 minutes. 
 
Gentili (2003) reports the “Installed cost for Conductivity/pH controllers is in the range of $1,700 
- $4,000.” 
 
DeOreo, Gentili, and Mayer (2004) and Aquacraft (2003) report the cost of supermarket 
conservation programs that include water cooling and other measures is $27,000 in present 
value terms over the life span of the project. 
 
Limitations 
 
Program costs will vary widely depending on the industry type and survey type.  Note that 
program costs reported here are for full implementation of survey recommendations. 
 
Confidence in the Estimates 
 
Low-Medium. 
 
 
2.10.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
Although CII savings are heterogeneous and one equation overly simplifies such calculations, 
we can generally consider savings as the product of water use, savings potential in percentage 
terms, and savings implementation in percentage savings terms: 
S = Use * SavingsPotential * ImplemenationPercentage 
 
where: 
 

• S is savings in gpd per site from cooling towers. 
• Use is water consumption in gpd. 
 
• SavingsPotential is the technical potential for water savings identified by the water 

survey (percent savings from pre-program use). 
• ImplementationPercentage is the percent of the savings potential that is implemented. 

 
Factors to Consider in Applying the Formula 
 
This formula simple formulation is useful only to the extent that the savings estimates are 
applied to the appropriate sites. 
 
Example Calculation 
 
Table 8 shows calculated savings.  Referring back to Table 7 shows the cost-effectiveness 
calculations presented in the WPR study.  The calculations assumed a 6% discount rate, a five 
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year life span, and constant savings over time.  The table shows how the cost-effectiveness 
varies considerably depending on how much of the savings potential is achieved in practice, on 
average. 

 
 
2.10.6 Questions to Ask 
 

• Are there other agencies that you can partner with to make your program more cost 
effective? 

• Can you now identify your CII customers by class?  
• What are the elements of the survey? 
• Will you do interior and exterior components at the same time? 
• Does your agency have internal expertise to perform the more involved surveys? 
• Does your agency have access to grant or other partnership type funding? 
• Will your agency offer incentives to promote implementation? 
• Has your agency considered utilizing the services of a “pay-for-performance” contractor? 
• What sub-sectors/technologies are targeted? 
• Are recommendations implemented and verified? 
• Are savings determined with engineering estimates or measured savings from field 

studies? 
• Can you influence how the cost of this program is accounted for?  If capitalized, the cost 

impact will be spread over “x” number of years and reduce the rate impact.  If expensed, 
will the cost of your program have to be recovered in one year?  

• Is operator training included in implementation of the program? 
 
 
2.10.7 Sources 
 
Aquacraft, Inc., “Demonstration of Water Conservation Opportunities in Urban Supermarkets,” 
for California Department of Water Resources/U.S. Bureau of Reclamation and CalFed Bay-
Delta Program, September 2003. 
 
Black & Veatch (1991), “Summary Report,” Nonresidential Water Audit Program, prepared for 
the Board of Water Commissioners, Denver, CO, July. 
 
Brown and Caldwell (1990), “Case Studies of Industrial water Conservation in the San Jose 
Area,” City of San Jose / CA DWR, Feb. 
 

Table 8 - Cooling Tower Savings (gpd/site)
Site Total Site Total Cooling 

Mean Savings Mean Savings Percent Savings
n (AF/yr) (gpd) from Cooling (gpd/site)

Analyst Surveys 145 3.3 2,944             14.0% 412
Consultant Surveys 22 7.4 6,603             14.2% 938
Water Efficiency Studies 12 72.1 64,332           1.0% 643
Source: WPR (1996) and author's calculations.
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California Department of Water Resources (CA DWR, 2004), “Water Efficiency Guide for 
Business Managers and Facility Engineers, ” October. 
 
California Department of Water Resources (CA DWR, 1994), “Government/Utilities/Private 
Industry Partnership Program, Evaluation and Recommendations,” Dec. 
 
DeOreo, W.B., M. Gentili, and P.W. Mayer, “Water Conservation in Supermarkets,” AWWA 
Water Resources Conference Proceedings, 2004. 
 
Dietemann, A. and P. Paschke (1998) “Program Evaluation of Commercial Conservation 
Financial Incentive Program,” Seattle Water Department, October (available at 
www.ci.seattle.wa.us/util/RESCONS/papers) 
 
EPA/CADWR (1997) U.S. Environmental Protection Agency and the California Department of 
Water Resources, “Study of Potential Water Efficiency Improvements in Commercial 
Businesses,” US EPA Grant #CX823643-01-0 with CA DWR, April. 
 
ERI Services, Inc. (1996), “MWDSC, CII Water Conservation Program, 1991-1996, Program 
Summary,” prepared for the Metropolitan Water District of Southern California. 
 
Gentili, M., “Water Conservation Topics,” Presentation, Los Angeles Department of Water and 
Power, URL: www.cuwcc.org, May 2003. 
 
Hagler Bailly Services, Inc. (1997), “Evaluation of the MWD CII Survey Database,” prepared for 
MWDSC, November. 
 
Kobrick, J.D., and M.D. Wilson (1993), “Uses of Water and Water Conservation Opportunities 
for Cooling Towers,” Proceedings of Conserv93, pp 1339-1355. 
 
Lelic, F.S., and G. Blair, “Savings Water While Conserving Energy: Initiatives for ICI 
Customers,” AWWA Water Resources Conference Proceedings, 2004. 
 
Pimentel, P. and J. Sweeten (1995), “Does ICI Conservation really Work?,” AWWA Annual 
Conference Proceedings, Anaheim, CA.  pp. 719-728 
 
Ploeser, J.H. (1996), “Conservation and the Industrial Customer: Marketing Conservation to 
Industrial Customers Requires a Different Approach,” Journal AWWA, January. 
 
Ploeser, J.H., C.W. Pike, and J.D. Kobrick (1992), “Nonresidential Water Conservation: A Good 
Investment,” Journal AWWA, October. 
 
Pollution Prevention International, “Commercial, Institutional and Industrial Water Use Survey 
Program,” for the Santa Clara Valley Water District, March 2004. 
 
Sinclair, T.W., and V. Phibbs, “Getting it Right with the Big Guys: A Case Study in Working 
Effectively with a Large CII Customer,” AWWA Water Resources Conference Proceedings, 
2004. 
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Smith, C.L., and K. Yuhas, “Industrial, Institutional, and Commercial Water Conservation 
Program in Albuquerque New Mexico,” AWWA Water Resources Conference Proceedings, 
2004. 
 
Sweeten, J. and B. Chaput (1997), “Identifying the Conservation Opportunities in the CII 
Sector,” AWWA Annual Conference Proceedings, Atlanta, GA. Pgs 149-160. 
 
Vickers, A., “Handbook of Water Use and Conservation,” WaterPlow Press, Amherst, 2001. 
 
Whitcomb, J.B., B. Hoffman, and J. Ploeser, “BMP 9: A Handbook for Implementing Commercial 
Industrial & Institutional Conservation Programs,” California Urban Water Conservation Council, 
June  2001. 
 
WPR (1996) Western Policy Research, “Assessing the Potential of CII Survey Programs,” 
prepared for the Metropolitan Water District of Southern California, April. 
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2.11 Film Processing (X-Ray) 
 
 
2.11.1 Device/Activity Description 
 
This section considers X-ray film processing; other classes of film processing may be added 
later. 
 
A recently developed water recycling system has been implemented in a number of hospitals’ 
and medical centers’ x-ray film processing facilities.  Conventional film processing systems are 
sometimes run continuously and drain water after one use.  The water recycling system 
manages water input and recycling to minimize water use.  The water recycling system (Water 
Saver/Plus™) is patented and is produced by one manufacturer (DOW 2003). 
 
Conventional systems can be fitted with flow regulators and shut-off valves to curtail water 
waste.  Maintenance in combination with flow regulators and shut-off valves are alternative 
methods to achieve savings in conventional systems (e.g., discussion in Fine 2001).  This 
method does not, however, eliminate the “once-through” water use that prevails in conventional 
systems. 
 
Digital x-ray radiography is expected to replace film x-ray as it becomes more cost effective and 
accepted. Without film, water use for film processing is eliminated (e.g., FUJIFILM 2003, Fischer 
2003). 
 
 
2.11.2 Applicable BMPs 
 
BMP 9 – Conservation Programs for Commercial, Industrial, and Institutional Accounts.  In 
addition to activity-based criteria to determine implementation status, BMP 9 also allows for 
water-savings performance targets.  An agency is considered “on schedule” if their CII accounts 
show reduction of 10% of baseline within 10 years. 
 
 
2.11.3 Available Water Savings Estimates 
 
2.11.3.1.1 Summary of Individual Studies 
 
Metropolitan Water District of Southern California (2001) conducted studies as part of their 
Innovative Conservation Program that estimated savings of more than 8 million gallons (in 
annualized terms) across 8 large-volume film processing systems—a 98.7 percent savings (3.3 
acre-feet per year per system).  Savings depend on the type and operation of system in place 
before the recycling system is put in because existing film-processing systems have large and 
widely varying water consumption.  Note the hospitals included in this study were major facilities 
with film processing that takes place 24 hours a day.  See also CUWCC (2001). 
 
C&A X-Ray (2003) presents flow rate data they collected along with calculations that estimate 
the water savings potential from converting conventional film processing equipment to their 
technology.  Note these savings assume the Water Saver/Plus uses 13,530 gallons of water per 
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year,  and film processors operate on a 24/7 basis, It is not specified whether the flow rates of 
conventional models include flow regulators and shut-off valves.  Some of the equipment in this 
list stops water flow when the machine is not in use.  For example, the Kodak X-OMAT 3000 RA 
Processor has a standby mode that is invoked 2 minutes after the last film is processed.  During 
standby mode, water does not flow through the machine except for intermittent flow for wetting 
rollers and cooling (Kodak Technical Support 2003).  Flow rate specifications reported in Kodak 
product information refer to the maximum flow rate of the flow valve to the machine—not to the 
average 24-hour consumption. 
 
Pasadena Water and Power reports 98 percent savings (9.8 million gallons in the first year) for 
Huntington Hospital’s radiology department on equipment that previously used up to 2.4 gpm, 
24x7. 
 
2.11.3.1.2 Persistence 
 
No study considering the persistence of savings from x-ray film processing equipment has been 
found. 
 
2.11.3.1.3 Limitations 
 
Savings estimates so far have focused on large volume processing systems in large hospitals.  
Further research would be productive in other size and type medical facilities.  How much does 
the Water Saver/Plus save in small-scale or low-volume operations, and is it cost-effective?  In 
addition, water savings from retrofitting existing equipment with flow restrictors and shut off 
valves might help determine the range of cost-effective alternative courses of action.  Finally, 
the incremental savings from the water recycling function of the Water Saver/Plus would be a 
valuable addition to determine “stand-by” mode savings ; water savings estimates to date 
include both the water-recycling savings and water shut-off functions. 
 
2.11.3.1.4 Confidence in Estimates 
 
Medium-High. 
 
 
2.11.4 Program and Device/Activity Cost Estimates  
 
2.11.4.1.1 Program Costs 
 
Participant program costs may include: 
 

• Cost to purchase, install, operate, and maintain. 
  

Supplier program costs may include: 
 

• Cost to purchase, install, operate, and maintain if supplier shares costs 
• Administration 
• Contractors 
• Marketing 
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IEUA (2002) reports expected operating costs of the Water Saver/Plus to be $50 per unit per 
two-week period [corrected month in text], summing to $1,300 per year.  Purchase costs are 
reported to be $4,600 per unit and installation is $200 per unit. 
 
LADWP and SDCWA (2002) report expected purchase cost of $3,247 and installation cost of 
$150 per device (500 device volume).  Maintenance of the units is reported as $1,300 per year. 
 
2.11.4.1.2 Limitations 
 
Cost of equipment may depend on volume purchase and installation contracts. 
 
2.11.4.1.3 Confidence in Estimates 
 
High. 
 
 
2.11.5 Water Savings Calculation Formula(s) 
 
2.11.5.1.1 Calculations 
 
Savings_GPD  =  ( Flow_GPM_Before  -  Flow_GPM_After ) * 60 * Hours_Operation 
 
where: 
 

• Savings_GPD is gallons of savings per day from retrofitting an existing system; 
• Flow_GPM_Before is the flow rate of the system before retrofit; 
• Flow_GPM_After is the flow rate of the system after retrofit with the Water Saver/Plus; 

and 
• Hours_Operation is the average number of hours per day of operation. 

 
2.11.5.1.2 Factors to Consider in Applying the Formula 
 
As with other mechanical/engineering estimates, these figures do not fully reflect behavior that 
may impact actual savings. For example, both conventional systems and the Water Saver/Plus 
retrofit need proper maintenance to avoid water waste. 
 
2.11.5.1.3 Example Calculation 
 
Table 1 presents examples of the water savings from three hypothetical examples selected to 
demonstrate how savings calculations can help identify the most effective opportunities for 
retrofit.  Two large volume processors illustrate different circumstances and efficiencies.  The 
“old” high flow processor that can realize savings with best practices and repairs, but more 
savings with the re-circulating system.  The medium volume system would not realize large 
savings. 
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2.11.6 Questions to Ask 
 

• What is the water consumption and typical hours of operation of the existing system? 
• For small volume operations, what is the pay back period?  Are there alternatives such 

as repairs and best practices that can save water in the mean time? 
• Are investments in digital x-rays on the horizon? 

 
 
2.11.7 Sources 
 
C&A X-Ray (2000), “Published Water Flow Rates: Medical X-Ray Processors,” C&A X-Ray, 
Inc., December. URL: http://www.caxray.com/flow_rates.html. 
 
CUWCC (2001), “Water-saving X-Ray Film Processors,” California Urban Water Conservation 
Council summary of LADWP study in the WaterLogue, Vol. 1, No. 7, December. 
 
DOW (2003), DOW Imaging, Inc., URL: http://www.dowimaging.com. 
 
Fine, Howard (2001), “X-Men Developing a System to Recycle Water Used in X-Ray Machines 
Has Made Two Entrepreneurs Heroes to Area Hospitals, Which Now Save Millions of Gallons,” 
Los Angeles Business Journal, July 16. 
Fischer (2003), Fischer Imaging, Inc. URL: http://www.fischerimaging.com. 
 
FUJIFILM (2003), FUJIFILM Medical Systems USA, Inc. URL: http://www.fujimed.com. 
 
IEUA (2002), “X-Ray Film Processor Water saving Rebate Program Proposal: Prop 13 
Urban Water Conservation Grant,” Inland Empire Utilities Agency, February. 
 
Kodak Technical Support (2003), Phone conversation with Kodak Technical Support, December 
4. 
 
Metropolitan Water District of Southern California (2001), “Metropolitan Water District Innovative 
Conservation Program – Water Saver/Plus Recycling System,” Final Report, prepared by C&A 
X-Ray, September 18. 
 

Example 

Flow Rate: 
Existing 

Equipment 
(gpm) 1 

Flow Rate: 
Existing 

Equipment w/ 
Best Practices 

(gpm) 2 

Flow Rate: 
Water  

Recirculating 
System 
(gpm) 3 

Hours  
Operation 
(hrs/dy)

Savings: 
High 

Savings: 
Low (gpd

Large 2.50              2.00                    0.026               24              3,563           2,843           
Large 1.50              1.50                    0.026               12              1,061           1,061           
Medium 0.50              0.25                    0.026               8                228              108              

Table 1 - Savings (gpd) from Water Recirculating 

Notes: 1) Hypothetical examples taken from Table 1; 2) Hypothetical savings margin 
restrictors and shut off valves operating in good repair; 3) Calculated average gallons 
over one year (24/7 operation) from annual figure 13,530 (C&A X-
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LADWP and SDCWA (2002), “Proposition 13 Urban Water Conservation Grant Application: 
Commercial Industrial & Institutional Incentive Program for Hospital X-Ray Film Processor Re-
circulating System,” Los Angeles Department of Water and Power and the San Diego County 
Water Authority, December. 
 
Pasadena Water and Power (2001), Letter to William McDonnell, Metropolitan Water District of 
Southern California from Irma Cruz, October 8. 
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2.12 Food Service Equipment 
 
 
2.12.1 Device/Activity Description 
 
This section considers equipment that is used in food processing, primarily in restaurants, 
institutional kitchens, and food product manufacturers.  Included are pre-rinse spray valves and 
boilerless steamers.  Other types of food service equipment can be added later (dish washers, 
ice making machines, garbage disposals, sink faucet aerators and shut-off valves). 
 
Pre-rinse Valves: Pre-rinse sprayers rinse large food waste from pots, pans, utensils, and 
dishware before they enter a dishwasher.  The valve is typically at the end of a flexible stainless 
steel hose with a hand-operated on-off lever.  Water conserving valves consume less water and 
have equal to or better rinsing effectiveness because of improved spray pattern design.  
Traditional valve designs are comprised of a showerhead-like circular array of sprayers; the 
water efficient models use a single flat-shaped spray that acts like a “knife” (Dickinson and 
Koeller 2003).  Thus, water savings may be derived from both lower flow rates and shorter 
spray times. 
 
Boilerless Steamers: Steamers are used in high-volume sectors of the food industry to cook and 
warm food. Conventional steamers have a plumbing hookup to send water into the steamer 
where it is heated to make steam, and a drain to the sewer where condensate water is 
disposed.  In addition, since wastewater agencies prohibit the dumping of steam or hot water 
down the sewer, conventional steamers cool the condensate with tap water to bring it into 
compliance with regulations, all of which is disposed of down the drain.  Since conventional 
steamers can take 15 minutes to warm up, they are often left on throughout the workday (FSTC 
2003).  Water efficient steamers make use of several technologies separately or in combination 
to save water and energy: 1) convection fans reduce cook time by distributing steam in the 
oven, 2) vacuum systems reduce the boil temperature of water, 3) “no-boiler” designs that heat 
water only as needed, 4) self-contained systems that recycle condensate, and 4) microwave 
designs that use very small amounts or no added water. 
 
 
2.12.2 Applicable BMPs 
BMP 9 – Conservation Programs for Commercial, Industrial, and Institutional Accounts.  In 
addition to activity-based criteria, BMP 9 allows for water-savings performance targets to 
determine implementation status.  An agency is considered “on schedule” if their CII accounts 
show reduction of 10% of baseline within 10 years. 
 
 
2.12.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
Pre-rinse Valves: Estimates of savings to date are engineering estimates that consider the 
difference between design or measured actual flow rates of non-conserving and conserving pre-
rinse valves.  Current programs include flow rate tests on existing valves to collect empirical 
evidence of the installed base.  As such, this section presents flow rate estimates and savings: 
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• CUWCC-FSTC (2002) provides the performance criteria utilized for the major pre-rinse 

valve programs currently underway .  The flow rate specification is 1.6 ± 0.1 gpm at 60 ± 
2 psi and 120 ± 4 °F.  The cleaning effectiveness test includes rinsing dried tomato paste 
from a plate in less than 21 seconds. 

• DPPEA (2003) cites flow rates of water efficient valves of 1.6 to 2.65 gpm at 80 psi. 
• EBMUD (2002) reports high-flow spray valves use over 3 gpm (with a range of 2.65 to 4 

gpm) compared to 1.6 gpm for water efficient models.  With an average 6 hours per day 
usage, water savings are estimated to be 300 gallons per day. This proposal assumes 
that 360 gallons per day will be saved per valve (1.5 gpm x 4 hr). 

 
Boilerless Steamers: Estimates of savings have been engineering estimates that consider the 
difference between design or measured actual flow rates: 
  

• Amana (2001) reports that their Steamer Express models steam foods with little or no 
added water by steaming water already in products with microwave technology.  In a 
side-by-side comparison between the Steamer Express, a boilerless table-top steamer, 
and a combi 3-pan steamer, the Amana literature reports water use as 0 gallons, 10 
gallons, and 275 gallons per day, respectively.  The same document reports water 
savings of “over 95 percent.”  Thus, a replacement of a conventional steamer with this 
technology would save 261 or 275 gallons per day compared to a conventional steamer. 

• PEC (2003) reports that self-contained counter top steamers require 2-3 gallons of water 
per day. AccuTemp (2003) reports that warm up time is 10 minutes, which would reduce 
the amount of idle time in some settings.  Water savings depends on the level of use and 
the water consumption of the alternative product—either an existing steamer that is to be 
replaced or an inefficient model in a new installation. 

 
Persistence 
 

• Pre-rinse Valves: No study measuring the persistence of savings from pre-rinse valves 
has been found.  Field experience indicates that efficient valves have fewer problems 
associated with mineral build up and clogging; however, this does not necessarily imply 
savings would be more or less over time.  Field tests that consider behavioral 
adaptations to clogging and retention rates are needed to empirically determine 
persistence.  The useful life of a replacement pre-rinse valve, according to a 
manufacturer, is approximately five years (Dickinson and Koeller 2003). 

• Boilerless Steamers:  No study measuring the savings over time from boilerless 
steamers has been found.  Further, it is unknown why water savings would not persist 
over time.  

 
 
 
 
 
 
 
 
Limitations 
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• Pre-rinse Valves: Future efforts should include estimating savings for a range of different 
food service facility types and sizes and validating savings estimates with field studies.  
(Note: Study is underway currently and will be completed in 2003).  Persistence of 
savings should also be assessed, especially retention rates. 

 
• Boilerless Steamers: Food type is important to match with steamer technology.  PEC 

(2003) also reports that energy and cook-time savings are small for easy-to-cook items 
such as peas; they do not report whether this translates into water savings. 

 
Confidence in Estimates 
 

• Pre-rinse Valves: Medium. Confidence is likely to be high once field tests are completed.  
(Note: Field tests are currently underway and will be completed in 2003). 

• Boilerless Steamers: Medium-high. 
 
 
2.12.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Participant program costs may include: 
 

• Pre-rinse Valves: Cost to purchase and install water efficient valves.  Operating costs 
may be less than conventional valves due to reduced clogging problems. 

• Boilerless Steamers:  Cost to purchase and install water-efficient steamers.  Purchase 
costs for water-efficient steamers are less than conventional units.  Operating costs are 
likely to be less than conventional steamers due lower water use, lack of water 
connection to install and maintain, and less mineral build-up. 

 
Supplier program costs may include: 
 

• Purchase & installation of valves/steamers if cost share or direct install; 
• Administration; 
• Contractors; and 
• Marketing. 

 
Pre-rinse Valves: The following table (Table 1) cites the cost of the CUWCC-CPUC program—a 
direct install program to replace 16,903 pre-rinse valves (Dickinson and Koeller 2003).  The 
average cost estimated over the entire program is $181 per valve installation.  Since this 
program is reaching hard-to-reach customers, its marketing and outreach budget is likely to be 
higher than a program targeting easy-to-reach customers. 
 

• EDID (2002) estimates that their proposed program will cost a total of $217 per valve 
replacement, including overhead, salaries, benefits, supplies, equipment, labor, and 
travel.  Equipment costs are estimated to be $75 and labor is estimated to be $7. 

• SCVWD (2002) reports that new sprayer nozzles cost $42 each. 
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Table 1 – Complete Direct Install Program Costs 
Item Cost 

Program Administrative Costs 
Labor, benefits, overhead, taxes $188,000 
Travel costs $18,000 
Reporting expenses $4,000 

Subcontracted Support Costs 
Laboratory Testing $36,000 
Program Management $99,000 
Technical Management $88,500 
Database Support $10,000 

Field Implementation by Contractor 
Marketing/advertising/outreach $590,000 
Valves, warehousing, installation, database 
entry, customer service 

$1,941,000 

Evaluation, Verification, & Measurement Costs 
Independent evaluation & verification $85,000 

Total Cost $3,060,000 
 
 
Boilerless Steamers: 
 

• Amana (2002) reports list price of the 2,500 watt model Steamer Express ASE7000 is 
$3,704 and the 3,000 watt model lists for $4,198.  

• PEC (1999) reports that self-contained steamers cost in the range of $4,500 to $5,500, 
which is 15 to 30 percent more than standard steamers. 

• Steamer World (2003) reports prices of Southbend self-contained steamers cost from 
$2,416 to $4,480.  A 2,100 watt Panasonic microwave steamer is priced at $2,500 and 
an AccuTemp countertop convection steamer is  $4,966. 

 
Limitations 
 

• Pre-rinse Valves: These figures do not reflect differences in maintenance costs.  
Uncertainty in program savings exists because there is limited information on the flow 
rates of the existing installed base of pre-rinse valves. (Note: Study is currently 
underway and will be completed in 2003).  Flow rates of conventional valves are “in the 
3.8- to 4.5-gpm range” (Dickinson and Koeller 2003). 

• Boilerless Steamers: Cost estimates need to consider the life cycle costs, including 
maintenance.  Boilerless steamers may have lower maintenance costs due to the lack of 
water input, sewer output, plumbing and de-liming. 

 
Confidence in Estimates 
 

• Pre-rinse Valves: Medium.  
• Boilerless Steamers: Medium. 

 
 
2.12.5 Water Savings Calculation Formula(s) 
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Calculations 
 
Pre-rinse Valves: Savings is calculated by multiplying hours per day of operation by savings per 
hour.  Savings per hour is estimated as the difference between the flow rates of the water 
efficient valve and a conventional valve. 
 

Water Savings = Hours_Use * Savings_per_Hour  
 
where: 
 

• Water Savings is savings per day from replacing a conventional pre-rinse valve with a 
water-efficient valve. 

• Hours_Use is the average use per day of the pre-rinse station. 
• Savings_per_Hour is the saving achieved per hour of operation with the efficient valve. 

 
Boilerless Steamers: 
 

Water Savings = High_Water_Use_per_Day – Low_Water_Use_per_Day  
 
where: 
 

• High_Water_Use_per_Day is the water consumption of a conventional steamer in the 
particular restaurant setting under consideration. 

• Low_Water_Use_per_Day is the water consumption of the efficient steamer, depending 
on its technology. 

 
Factors to Consider in Applying the Formula 
 

• Pre-rinse Valves: As with other mechanical/engineering estimates, these figures do not 
fully reflect behavior that may impact actual savings.  For example, if the retention rates 
are not high, the expected savings will not be achieved.  Likewise, behavioral adaptation 
may also affect savings.  For example, the more effective design of pre-rinse nozzles 
may allow the operator to use shorter rinse times.  

 
• Boilerless Steamers: Consider the full range of performance, including energy and time 

savings, food menu, and cook quality. 
 
 
 
Example Calculation 
 

• Pre-rinse Valves: Table 2 shows sample calculations based on the above savings 
formula and the number valves replaced in different categories distinguished by level of 
usage.  The figure of 50 gallons savings per hour is based on Dickinson and Koeller 
(2003) who report results of tests performed by the Food Service Technology Center in 
San Ramon, California.  The conventional valve used in the testing was rated at 2.65 
gpm with measured actual flow rate of 2.4 gpm.  The low-flow valve was rated at 1.6 
gpm and it had an actual flow rate of 1.5 gpm. 
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• Boilerless Steamers: Table 3 shows sample calculations for three different volume food 
service establishments that replace a conventional steamer with a water efficient model.  
The example assumes the low volume establishment does not leave the old steamer on 
all day, thus water consumption is less than the high volume operations.  The 3 gallons 
per day figure for the boilerless steamer is based on closed-system steamer 
consumption; other results would derive from different types of equipment. 

 

 
2.12.6 Questions to Ask 
 
Pre-rinse Valves: 
 

• Are savings estimates for the particular model pre-rinse valves installed and replaced? 
• What is the target customer base and implementation approach?  Hard-to-reach 

customers or large-scale operations?  Direct install or financial incentive? 
 
Boilerless Steamers: 

• Are savings estimates for a particular model steamer?  Technology and performance 
varies significantly (closed system, convection, microwave, heat on demand, vacuum, 
etc.) 

• What food types are being prepared and is the steamer a good match for that food type? 
• What is the target customer base and implementation approach?  Hard-to-reach 

customers or large-scale operations?  Direct install or financial incentive? 
 
 
2.12.7 Sources 
 
AccuTemp (Undated, Downloaded April 2003), “Steam’n’Hold User Tips,” AccuTemp Products, 
Inc.  URL: http://www.accutemp.net/steamertips. 

Food Service 
Category

Conventional 
Steamer Water 
Use (gals/day)

Water Efficient 
Steamer Use 

(gals/day)

Savings Per 
Steamer 
(gal/day)

Small Volume 100                    3.0                    97.0                    
Medium Vol. 200                    3.0                    197.0                  

High Vol. 300                    3.0                    297.0                  

Table 3 - Savings (gpd) by Water-Efficient Steamers

Food Service 
Category

Population of 
Pre-Rinse 

Valves
Hours of Usage 

Per Day
Water savings 

Per Hour (gal/hr)

Water Savings 
Per Valve 
(gal/day)

Total Water 
Savings Per 
Day (gal/day)

Large 5                        10.0                  50.0                    500.0                 2,500             
Medium 100                    6.0                    50.0                    300.0                 30,000           
Small 500                    4.0                    50.0                    200.0                 100,000         

Very Small 1,000                 2.0                    50.0                    100.0                 100,000         
Total 1,605                 232,500         

Table 2 - Savings (gpd/valve) by Pre-Rinse Valves
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Amana (2001), “Discover the Affordable and Simple Way to Steam, Form No. ACCRR0214,” 
Amana Commercial Products Division. 
 
Amana (2002), “Foodservice Oven Price List – Effective 12/30/02: Form No. ACRR0254,” 
Amana Commercial Products, Amana, Iowa. 
 
CUWCC-FSTC (2002), CUWCC-FSTC Pre-Rinse Spray Valve Specification VS 1.0,” California 
Urban Water Conservation Council – Food Service Technology Center, August 28. 
 
Dickinson, M.A. and J. Koeller (2003), “Achieving Energy and Water Savings in Food Service 
Operations: The Pre-Rinse Spray Valve Replacement Program.” 
 
DPPEA (Undated, Downloaded April 2003), “Water Management Options: Kitchen and Food 
Preparation,” Division of Pollution Prevention and Environmental Assistance, North Carolina 
Department of Environment and Natural Resources.  URL: http://www.p2pays.org. 
 
EBMUD (2002), “Proposition 13 Grant Proposal for Programs for the Installation of Pre-Rinse 
Spray Heads and Water and Energy Efficient Dishwashers for the Food Service Industry,” East 
Bay Municipal Utility District, March. 
 
EDID (2002), “Proposition 13 2003 Urban Water Conservation Grant Proposal for Commercial, 
Industrial, and Institutional Direct Install Zero-Water Consumption Urinal Replacement and 
Commercial and Industrial Direct Install Low-Flow Pre-Rinse Spray Nozzle Replacement 
Project,” El Dorado Irrigation District, December. 
 
FSTC (Undated, Downloaded April 2003), “Steamers,“ Food Service Technology Center. URL: 
http://www.pge.com/003_save_energy/pdf/steamers.pdf. 
 
PEC (1999), “Self-Contained Countertop Steamer: A Pacific Energy Center Factsheet,” Pacific 
Energy Center, Pacific Gas and Electric Company.  URL: http://www.pge.com/pec. 
 
SCVWD (Santa Clara Valley Water District, 2002), “Water Use Efficiency Program Annual 
Report: Fiscal Year 2001-2002.” 
 
Steamer World (Undated, Downloaded April 2003), “Countertop Steamers – Steamer World,” 
Restaurant Equipment World, Orlando, FL.  URL: http://www.steamerworld.com/index-
countertopsteamers.html. 
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2.13 Self-Closing Faucets 
 
 
2.13.1 Device/Activity Description 
 
Self-closing faucets are based on one of two technologies.  The first involves a spring loaded 
faucet lever that closes the faucet in a prescribed period of time after it is opened.  The second 
technology involves an infrared (IR) sensor which turns on the water only as long as it detects 
hands are under the faucet.  Both faucets save water compared to conventional low flow faucets 
by reducing the average length of time the faucet is opened (“self-closing savings effect”).  
Since both types are made to meet low flow standards, the faucets save more water when they 
replace old high flow faucets (“low flow savings effect”).  Spring loaded self-closing faucets are 
less expensive, although the IR technology is thought to save more water.  Self-closing faucets 
are targeted primarily at CII sites, such as airports, schools, movie theaters, and restaurants. 
 
 
2.13.2 Applicable BMPs 
 
BMP 9 – Conservation Programs for Commercial, Industrial, and Institutional Accounts.  In 
addition to activity-based criteria to determine implementation status, BMP 9 also calls for 
water-savings performance targets.  An agency is considered “on schedule” if their CII accounts 
show reduction of 10% of baseline within 10 years.  BMP 9 estimates the reduction in gallons 
per employee per day in the Year 2000 to be 12% for commercial and 15 % for industrial water 
use (from 1980 to 2000). 
 
 
2.13.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
Behling and Bartilucci 1992 analyze the impact of water-efficient fixtures on office water 
consumption.  The study considers common water using fixtures in an office setting, including 
toilets, urinals, sinks.  Other water consuming activities are factored out in the water savings 
estimation, including irrigation and cooling water.  The study estimates the water use per wash 
for old (pre-1980 high flow) faucets based on 3 gallons per minute flow for 10 seconds. 
 
McCuen 1975, as reported in Waterplan 1988, determines that self-closing faucets reduce water 
consumption by “up to 50 percent” compared to conventional low flow faucets.  Waterplan 1988 
uses a “conservative” estimate of 25 percent water savings.  
 
NOTES: Since all faucets sold currently are low flow faucets, the incremental active 
conservation for new faucet installations is the difference between low flow and low flow self 
closing faucets--the self-closing savings effect.  For replacement of old (high flow) faucets, the 
incremental active conservation savings is the self-closing savings effect plus any increase in 
the rate of replacement induced by the active program. 
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Persistence 
 
No study considering the persistence of savings from self-closing faucets has been found.  
Possible sources of savings decay might include increased number of malfunctions of self-
closing devices over time. 
 
Limitations 
 
Future efforts should include a search for existing estimates and/or empirical estimation the 
number of washes per day per fixture and water use per wash for high and low flow fixtures, and 
for self-closing faucets.  Persistence of savings should also be assessed. 
 
Confidence in Estimates 
 
Low. 
 
 
2.13.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Participant program costs may include: 
 

• Cost of  purchase and installation of the faucet if not fully subsidized 
 
Supplier program costs may include: 
 

• Faucet and purchase of faucets if supplier shares costs 
• Administration 
• Contractors 
• Marketing 

 
The following are professional judgments of costs by conservation program coordinators and 
managers, as reported in A&N Technical Services (1995): 
 

• Infrared: $200 
• Spring valve: $50 

 
Note that these costs are the full cost of the fixture.  The incremental cost is difference between 
the self-closing and the conventional low flow faucet because code requires low flow faucets. 
 
Limitations 
 
In addition to updating with recent vendor cost estimates, these figures do not reflect differences 
in maintenance costs, if there are such differences. 
 
Confidence in Estimates 
 
Low. 
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2.13.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
Savings is calculated by multiplying washes per day by water savings, estimated as the 
difference between the self-closing faucet and what would have been installed otherwise.  For 
example, for replacement of an old high flow faucet with an IR self-closing faucet, the equation 
is: 
 
SHigh_to_IRLow = Washes_per_Day * (GP_Wash_High_Flow_Faucet -
(GP_Wash_IRSelfClosing_Faucet) 
 
where: 
 

• SHigh_to_IRLow is savings per day from replacing high with an IR self-closing faucet. 
• Washes_per_Day is the average washes per day at a faucet during a working day. 
• Gallons_per_Wash is in units of gpd per self closing faucet 

 
For sample installations, savings are calculated based on the above table plus the number of 
working days per year and the percent of the self-closing faucets that are replacing otherwise 
low-flow faucets: 
 
SSample = ((Percent_Low * SLow_to_IRLow) + ((1 - Percent_Low) * SHigh_to_IRLow)) * 
  Working_Days_per_Year / 365 
 
where: 
 

• Working_Days_per_Year are the days of operation for a typical faucet.  For example, 
faucets in office buildings are assumed to operate 260 days per year. 

• Percent_Low is the percent of self-closing faucets that replace low flow faucets, 
including new installations and replacements of existing low flow faucets. 

 
Factors to Consider in Applying the Formula 
 
As with other mechanical/engineering estimates, these figures do not fully reflect behavior that 
may impact actual savings.  For example, if spring loaded faucets run longer than needed for 
brief hand washes, actual savings may not be what is anticipated. 
 
Example Calculation 
 
Table 1 - Savings by Washes per Day is calculated with the following assumptions: 
 
Gallons_per_Wash is (in units of gpd per self closing faucet) for old high flow faucets .5gpd 
(Behling and Bartilucci 1992); for new faucets .33gpd (Behling and Bartilucci 1992), for new 
faucets with IR self closing .2gpd (Based on McCuen 1975; Waterplan 1988 and judgment), and 
for new faucets with spring self closing .25gpd (McCuen 1975 and Waterplan 1988). 
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Tables 2 and 3 - Sample Installations are calculated for a range of assumptions using the 
second formula presented above. 

Washes per Day

Infrared 
Install/Replace 

Low Flow
Infrared Replace 

High Flow

Spring Loaded 
Install/Replace 

Low Flow 

Spring Loaded 
Replace High 

Flow
10 1.3                     3.0                     0.8                     2.5                     
20 2.6                     6.0                     1.6                     5.0                     
30 3.9                     9.0                     2.4                     7.5                     
40 5.2                     12.0                   3.2                     10.0                   
50 6.5                     15.0                   4.0                     12.5                   
60 7.8                     18.0                   4.8                     15.0                   
70 9.1                     21.0                   5.6                     17.5                   
80 10.4                   24.0                   6.4                     20.0                   
90 11.7                   27.0                   7.2                     22.5                   
100 13.0                   30.0                   8.0                     25.0                   
110 14.3                   33.0                   8.8                     27.5                   
120 15.6                   36.0                   9.6                     30.0                   
130 16.9                   39.0                   10.4                   32.5                   
140 18.2                   42.0                   11.2                   35.0                   
150 19.5                   45.0                   12.0                   37.5                   

Washes per 
Working Day

Working 
Days/YR

Percent 
Install/Replace 

Low Flow
Savings 

(gpd/faucet)
Airport 100 365.25 80% 16.4
Movie Theater 100 365.25 80% 16.4
Shopping Mall 80 365.25 90% 11.8
School 50 260.00 10% 10.3
Office Building 30 260.00 70% 10.9
Restaurant 30 365.25 70% 12.7

Washes per 
Working Day

Working 
Days/YR

Percent 
Install/Replace 

Low Flow
Savings 

(gpd/faucet)
Airport 100 365.25 80% 11.40
Movie Theater 100 365.25 80% 11.40
Shopping Mall 80 365.25 90% 7.76
School 50 260 10% 8.41
Office Building 30 260 70% 7.66
Restaurant 30 365.25 70% 9.17

Table 1 - Savings (gpd/faucet) by Washes per Day

Table 2 - Savings for Sample Installations of IR Self-Closing Faucets

Table 3 - Savings for Sample Installations of Spring Self-Closing Faucets
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2.13.6 Questions to Ask 
 

• Are savings estimates for the particular model self-closing faucets installed? 
 
 
2.13.7 Sources 
 
A&N Technical Services (1995) Pekelney, D.M., and T.W. Chesnutt, “Reference Document: 
Program Design Tool and Savings Estimates,” prepared for the Metropolitan Water District of 
Southern California. 
 
Behling, P.J., and N.J. Bartilucci, “Potential Impact of Water-Efficient Plumbing Fixtures on 
Office Water Consumption,” Journal of the American Water Works Association, October 1992. 
 
McCuen, R.H., R. C. Sutherland, and J.R. Kim, “Forecasting Urban Water Use: Software for 
Water Management Planning,” prepared for California Department of Water Resources, 
November 1988. 
 
Waterplan (1988) Synergic Resources Corporation, “Waterplan Benefit/Cost Analysis Software 
for Water Management Planning,” prepared for California Department of Water Resources, 
November. 
 



Ultra Low Flush Toilets (CII) 

 

 

California Urban Water Conservation Council      2-88 

 
2.14 Ultra Low Flush Toilets (CII) 
 
 
2.14.1 Device/Activity Description 
 
“Ultra-low-flush” (ULF) toilets are low-water-using toilets. Specifically, ULF toilets must use no 
more than 1.6 gallons per flush. 
 
 
2.14.2 Applicable BMPs 
 

• BMP 10 – Commercial, Industrial, Institutional. 
 
 
2.14.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
CUWCC commissioned a study of CII ULF toilet savings that estimated gallons per day savings 
in a number of different market segments (Hagler Bailly 1997).  These results of statistical 
analysis of 1,320 CII sites in ten agencies in Northern, Central and Southern California are 
summarized in Table 1.  

 
Veritech Consulting (2002) reports that water consumption was decreased by 65% with the 
installation of Coroma dual-flush toilets at 459 Bigelow St. in Port Perry, Canada. 
 

Market 
Segment

Estimated Savings 
(gpd)

90% Confidence 
Interval

Wholesale 57 19-94
Food Store 48 37-59
Restaurant 47 36-58
Retail 37 33-42
Automotive 36 22-50
Multiple Use 29 14-45
Religious 28 20-37
Manufacturing 23 15-32
Health Care 21 13-28
Office 20 17-23
Miscellaneous 17 11-23
Hotel/Motel 16 11-20
Source: Hagler Bailly (1997)

Table 1 - Savings per CII ULFT Installed



Ultra Low Flush Toilets (CII) 

 

 

California Urban Water Conservation Council      2-89 

Engineering Technologies Canada (2001) found water savings of 46 to 60 percent compared to 
the existing 13 liter toilets in public schools. 
 
 
Persistence 
 
No study estimating the persistence of conservation savings from CII ULFTs has been found. 
 
Limitations 
 
This methodology may not work well if  the industry categories available differ from those used 
in the study.  To support this statement, the reader should note the wide variability of  savings 
estimates documented within this sector. 
 
Confidence in Estimates 
 
Good. 
 
 
2.14.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Participant program costs may include: 
 

• Cost of ULF toilet and installation not reimbursed by rebate 
 
Supplier program costs may include: 
 

• Staff time to administer rebate program 
• Rebate incentive 
• Administration 
• Contractors 
• Marketing 

 
A&N Technical Services (1995) reports that commercial ULF toilets retail for $150 to $170.  The 
purchase cost estimate comes from the direct installation program in the City of Santa Monica 
(1989, 1992) and assumes that all installed commercial ULF toilets were flushometer valve-
type.  Since both flushometer-valve and gravity-fed toilets are used in commercial applications, 
the $170 purchase cost estimate represents an upper bound.  Gravity-fed commercial ULF toilet 
costs are about the same as multi-family residential toilets. 
 
Limitations 
 
Limitations include generalizations about volume purchases and discounts, rates of growth in 
new facilities and old fixture retrofits (natural replacement), and background saturation (free 
riders) that are not consistent with those in the study areas. 
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Confidence in the Estimates 
 
High, although more research needs to be done on the persistence of savings at different levels 
of background saturation. 
 
 
 
 
2.14.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
The general core variables among the market segmented models included in CUWCC 
sponsored study (Hagler Bailly 1997) are included in the following function: 
 
Monthly_Water_Use (ccf)  =  f(Number_of_Retrofits_Installed, Net_Irrigation_Requirements, 
Region, Season, Time_Trend) 
 
Additional explanatory variables in one or more market segment models include: 

• change in facility operating hours 
• change in number of visitors at facility 
• change in total number of employees 
• change in gender composition of employees 
• change in production process 
• extended interruptions in water service 
• occurrence of major water leaks 
• change in number of faucet aerators or showerheads in facility 
• change in efficiency level of urinals 
• changes to size or type of irrigation system 
• other changes at facility that could affect water use 

 
Factors to Consider in Applying the Formula 
 
This formula is meant to be used in the context of statistical estimation of conservation savings.  
Separate models should be constructed for market segments to account for the great 
heterogeneity. 
 
Example Calculation 
 
Refer back to Table 1 for a demonstration of  how the equations have been used in a statistical 
analysis of CII ULFT savings. 
 
 
2.14.6 Questions to Ask 
 

• Are there other agencies that you can partner with to make your program more cost 
effective? 

• Does your agency have access to grant or other partnership type funding? 
• What is the age of the building stock in the relevant service area (pre or post code)? 
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• Will your program be a free distribution; co-pay (customer and agency share in the cost); 
direct install; or rebate? 

• Will your program be conducted using agency personnel or contracted out? 
• Will your agency limit the approved models to those toilets that have been tested for long 

term water savings and customer satisfaction? 
• Are installations verified? 
• Will results be tied to a customer specific database (customer conservation screen)? 
• Are you going to design and maintain a database covering all participants and program 

results? 
• Is this program in combination with other measures (e.g., CII surveys, pricing)? 
• Can you influence how the cost of this program is accounted for?  If capitalized, the cost 

impact will be spread over “x” number of years and reduce the rate impact.  If expensed, 
will the cost of your program have to be recovered in one year?  

• When applying an existing savings estimate, how similar is the service area in terms of 
socioeconomic characteristics and conditions? 

 
 
2.14.7 Sources 
 
A&N Technical Services (1995) Chesnutt, T.W., C.N. McSpadden, and A. Bamezai, Ultra Low 
Flush Toilet Programs: Evaluation of Program Outcomes and Water Savings, A report for the 
Metropolitan Water District of Southern California, July. 
 
Engineering Technologies Canada, Ltd., “Evaluation of Ultra-Low Flow (6 Litre) Gravity Toilets 
in Two Schools,” for Prince Edward Island Department of Fisheries, Aquaculture and 
Environment, November 2001.  
 
Hagler Bailly Services (1997), The CII ULFT Savings Study, sponsored by the California Urban 
Water Conservation Council, August. 
 
Horner, R. and T., “The Water-Efficiency Industry”, Plumbing Systems and Design, May/June 
2004. 
 
Santa Monica (1989), “Recommendation to Approve the Residential Plumbing Fixture Rebate 
Program,” Proposal to the Mayor and City Council from City Staff, City of Santa Monica, July 25. 
 
Santa Monica (1992), “Recommendation to Approve Phase II of the BAYSAVER Plumbing 
Fixture Rebate Program,” Proposal to the Mayor and City Council from City Staff, City of Santa 
Monica, February 11. 
 
Veritech Consulting, Inc., “Savings Associated with Installation of Dual-Flush Toilets in 
Apartment Building, 459 Bigelow Street, Port Perry,” letter to Durham Region Works  
Department, Whitby, Ontario, November 2002. 
 
Woods, J.E., and H.W. Hoffman, “Putting Your Money Where Your Mouth Is,” AWWA Water 
Resources Conference Proceedings, 2004. 
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2.15 Urinals 
 
 
2.15.1 Device/Activity Description 
 
Two water saving urinals technologies are (1) low flow valves that utilize less water than 
conventional valves and (2) waterless urinals. 
 
 
2.15.2 Applicable BMPs 
 
In addition to activity-based criteria to determine implementation status, BMP 9-Commercial, 
Industrial, and Institutional Accounts also calls for water-savings performance targets.  An 
agency is considered “on schedule” if their CII accounts show reduction of 10% of baseline 
within 10 years.  BMP 9 estimates the reduction in gallons per employee per day in the Year 
2000 to be 12% for commercial and 15 % for industrial water use (from 1980 to 2000). 
 
 
2.15.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
Behling and Bartilucci (1992) analyze the impact of water-efficient fixtures on office water 
consumption.  The study considers common water using fixtures in an office setting, including 
toilets, urinals, sinks.  Other water consuming activities are factored out in the water savings 
estimation, including irrigation and cooling water.  The study reports the water use per flush for 
old (pre-1980 high flow) urinals as 1.5 to 3.0 gallons per flush and new water efficient urinals as 
1.0 gallons per flush. 
 
The City of Bellevue (1992a and 1992b) analysis considered the replacement of 28 urinal flush 
valves.  The old valves ranged between 1.5 and 2.0 gallons per flush and the new valves used 1 
gallon per flush.  The setting was a city office building and the analysis was conducted in 1993.  
The analysis measured building water savings by comparing water use before and after 
installation of the water saving devices.  As reported in PMCL (1994), there is no indication that 
water use was measured at the individual fixture level or that water savings at the building level 
was controlled for other explanatory variables such as work force mix and employment. 
 
Persistence 
 
No study considering the persistence of savings from low flow urinal valves or waterless urinals 
has been found. 
 
Limitations 
 
Future efforts should include a search for existing estimates and/or empirical estimation the 
number of flushes per day per fixture and water use per wash for high and low flow fixtures.  
Persistence of savings should also be assessed. 
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Confidence in Estimates 
 
Low. 
 
 
2.15.4 Program and Device/Activity Cost Estimates 
 
Program Costs 
 
Participant program costs may include: 
 

• Cost of purchase and installation of the faucet if not fully subsidized 
 
Supplier program costs may include: 
 

• Faucet and purchase of faucets if supplier shares costs 
• Administration 
• Contractors 
• Marketing 

 
The following are professional judgments of costs by conservation program coordinators and 
managers, as reported in A&N Technical Services (1995): 
 

• Low flow valve: $20 
• Waterless urinal: $100-$400 

 
Limitations 
 
The long term maintenance costs and life span of this new class of fixtures has yet to be 
assessed. 
 
Confidence in Estimates 
 
Medium-Low. 
 
 
2.15.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
Savings is calculated by multiplying flushes per day by water savings, estimated as the 
difference between the low flow valve (or waterless urinal) and what would have been installed 
otherwise.  For example, for replacement of an old high flow urinal with low-flow valve, the 
equation is: 
 
SHigh_to_Low = Flushes_per_Day * (GP_Flush_High_Flow_Urinal  - GP_Flush_Low_Flow_Urinal) 
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For replacing a low flow valve with a waterless urinal, the equation is: 
 
SLow_to_No = Flushes_per_Day * (GP_Flush_Low_Flow_Urinal  - 0) 
 
Savings from replacing a high flow valve with a low flow valve are calculated based on Table 1 
and the number of working days per year.  Since low flow valves are required in California 
Code, new construction valve installations are not considered active conservation.  Since 
waterless urinals save more water than low flow valves, savings depend on the percent of 
waterless urinals that are replacing otherwise low-flow urinals, rather than high flow urinals: 
 
SSample = ((Percent_Low * SLow_to_No) + ((1 - Percent_Low) * SHigh_to_No)) * 
Working_Days_per_Year / 365.25 
 
where: 
 

• Flushes_per_Day is the average number of flushes per urinal during a working day.  
• Working_Days_per_Year are the days of operation for a typical urinal. 
• Percent_Low is the percentage of waterless urinals that replace low flow urinals, 

including new installations that would have been low flow, and replacements of existing 
low flow urinals. 

 
Factors to Consider in Applying the Formula 
 
As with other mechanical/engineering estimates, these figures do not fully reflect behavior that 
may impact actual savings, such as double flushing. 
 
 
 
 

Flushes per Day
LF Valve

Replace High Flow
Waterless Urinal

Replace Low Flow
Waterless Urinal

Replace High Flow
5 3.8 5.0 8.8
10 7.5 10.0 17.5
15 11.3 15.0 26.3
20 15.0 20.0 35.0
25 18.8 25.0 43.8
30 22.5 30.0 52.5
35 26.3 35.0 61.3
40 30.0 40.0 70.0
45 33.8 45.0 78.8
50 37.5 50.0 87.5
55 41.3 55.0 96.3
60 45.0 60.0 105.0
65 48.8 65.0 113.8
70 52.5 70.0 122.5
75 56.3 75.0 131.3

Table 1 - Savings by Flushes per Day 
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Example Calculation 
 
For Table 1 - Savings by Flushes per Day and for Tables 2 and 3 - Sample Installations, the 
following assumptions are used: 
 

• Flushes_per_Day, Working_Days_per_Year, and Percent_Low urinals are judgment 
estimates in this hypothetical example. 

• Gallons_per_Flush is for high flow urinal valve 1.5 to 2.0 gallons per flush (Bellevue 
1992a and 1932b; Behling and Bartilucci 1992); for low flow urinal valve 1 gallon per 
flush (Bellevue 1992a and 1932b; Behling and Bartilucci 1992); and for waterless urinal 
0 gallons per flush. 

• Working_Days_per_Year are assumed to operate 260 days per year. 
• Percent_Low is the percent of waterless urinals that replace low flow urinals, including 

new installations that would have been low flow urinals and replacements of existing low 
flow urinals.   

 
 
2.15.6 Questions to Ask 
 

• Are there other agencies that you can partner with to make your program more cost 
effective? 

• Does your agency have access to grant or other partnership type funding? 
• Will your program be a free distribution; co-pay (customer and agency share in the cost); 

direct install; or rebate? 
• Will your program be conducted using agency personnel or contracted out? 
• Will your agency limit the approved models to those  that have been tested for long term 

water savings and customer satisfaction? 

Flushes per Working 
Day Working Days/yr

Percent Replace Low 
Flow

Savings 
(gpd/urinal)

Airport 50 365.3 80% 57.50
Movie Theater 50 365.3 80% 57.50
Shopping Mall 40 365.3 90% 43.00
School 25 260.0 10% 30.53
Office Building 15 260.0 70% 16.11
Restaurant 15 365.3 70% 18.38

Table 3 - Savings for Sample Installations of Waterless Urinals

Flushes per Working 
Day Working Days/yr Savings (gpd/urinal)

Airport 50 365.25 37.50
Movie Theater 50 365.25 37.50
Shopping Mall 40 365.25 30.00
School 25 260.00 13.35
Office Building 15 260.00 8.01
Restaurant 15 365.25 11.25

Table 2 - Savings for Sample Installations
of Low Flow Urinal Valves
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• Are installations verified? 
• Will results be tied to a customer specific database (customer conservation screen)? 
• Are you going to design and maintain a database covering all participants and program 

results? 
• Is this program in combination with other measures (e.g., CII surveys, pricing)? 
• Can you influence how the cost of this program is accounted for?  If capitalized, the cost 

impact will be spread over “x” number of years and reduce the rate impact.  If expensed, 
will the cost of your program have to be recovered in one year?  

• When applying an existing savings estimate, how similar is the service area in terms of 
socioeconomic characteristics and conditions? 

 
 
2.15.7 Sources 
 
Behling, P.J., and N.J. Bartilucci (1992), “Potential Impact of Water-Efficient Plumbing Fixtures 
on Office Water Consumption,” Journal of the American Water Works Association, October 
1992. 
 
Bellevue (1992a) Public Works Department--Utility Services and Property Services Division, 
“City Building Toilet and Urinal Valve Retrofit Benefit-Cost Analysis,” Bellevue, WA. 
 
Bellevue (1992b) Public Works Department--Utility Services and Property Services Division, 
“City Building Retrofit Project,” Bellevue, WA. 
 
PMCL (1994) Planning and Management Consultants, “Urban Water Conservation Programs 
Volume I: Annotated Bibliography,” September 1994.  Sponsored by U.S. Army Corps of 
Engineers, U.S.G.S., MWD of Southern California, Southern Nevada Water Authority, CUWA, 
Phoenix Water Services Department, AWWA. 
 
A&N Technical Services (1995) Pekelney, D.M., and T.W. Chesnutt, “Reference Document: 
Program Design Tool and Savings Estimates,” prepared for the Metropolitan Water District of 
Southern California. 
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2.16 Large Landscape Devices 
 
 
2.16.1 Device/Activity Description 
 
Large landscape conservation programs target outdoor water use.  In practice, “large” often 
refers to a land parcel greater than 2 or 3 acres with significant landscaping.  Sometimes large 
landscapes are metered separately from non-landscape water consumption.  Large landscape 
programs can take on many forms and involve site visits, training, device adjustment, 
upgrading, or water budgets.  Devices and activities include centralized computer control, 
moisture sensors (akin to a water “thermostat” placed in the soil), rain shut-off switches 
(precipitation causes a switch to interrupt automatic irrigation schedules), telephone connections 
to California Irrigation Management Information System (CIMIS) information, and numerous 
other technologies to improve the efficiency of landscape water use.  Some large landscape 
programs include budget-based rates and/or other economic incentives such as equipment 
rebates. 
 
CIMIS data can be used in several different types of large landscape conservation programs.  
One program includes a water audit to determine where mechanical improvements and 
irrigation scheduling can reduce water consumption.  The audit may include “catch cone” tests 
and distribution uniformity tests.  CIMIS data may be accessed periodically and utilized in a 
computer program to determine the appropriate adjustments to irrigation scheduling.  Another 
program involves irrigation management training only, without a comprehensive water audit.  A 
workshop or training session is held where instruction is presented on how to access and use 
information on an irrigation “hot line,” along with lookup tables, to determine irrigation levels. 
 
CUWCC has recently published its “Handbook: A Guide to Implementing Large Landscape 
Conservation Programs,” which provides additional information regarding BMP 5 and its 
implementation (CUWCC 1999). 
 
 
2.16.2 Applicable BMPs 
 
BMP 5 – Large Landscape Water Audits and Incentives calls for suppliers to implement 
conservation methods that are at least as effective as a set of actions.  These actions include 
identifying, contacting, and auditing all large landscape sites, and incentives, follow-up audits, 
and multilingual training (in summary).  To make the case that a large landscape conservation 
program fulfills BMP 5, one would have to either a) implement the same provisions listed in the 
BMP, or b) calculate savings and determine whether they are equivalent to the savings from the 
BMP 5 listed measures.  The intervention and device savings described in this section could be 
useful information to calculate savings for the purpose of determining whether a supplier’s large 
landscape program fulfills BMP5.  Note that there are separate requirements for dedicated 
accounts and mixed-use accounts. 
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2.16.3 Available Water Savings Estimates 
 
Summary of Individual Studies 
 
Water-Budget Based Rate Structures, Outreach, Incentives 
 
A&N Technical Services (1997) conducted a study of four large landscape conservation 
programs in Southern California, each involving a water budget based rate structure.  The study 
included a water use analysis based on empirical data collected in cooperation with participating 
suppliers.  Using historical account level water use records and multiple CIMIS climatic 
measures, climate-adjusted estimates of water savings were developed. 
 
The water use analysis was conducted in three steps, where steps 2 and 3 involved developing 
increasingly refined regression model specifications: (1) raw water use comparison, (2) 
comparison correcting for customer characteristics and climate, and (3) structural models of the 
conservation program interventions. The raw water use analysis required careful data analysis 
to assure the validity of the water consumption measures. Otay Water District experienced a 20 
percent decline in water applied to landscapes, Irvine Ranch experienced a 37 percent decline, 
and Capistrano Valley experienced a 35 percent decline between the pre- and post-program 
periods (Table 1). Changes in customer characteristics can make important differences in the 
estimated savings rates. For example, long-term customers showed a smaller decline in mean 
water use, about 25 percent; newer customers tended to come on line with lower application 
rates. Simple models to control for climate reduced the estimated change in raw water use from 
approximately 25 percent to 22 percent. 
 
The estimates from the structural model suggest that the combined intervention of water-budget 
based rate structures and customer outreach programs in Capistrano Valley had the following 
effects on the pattern of water demand: 
 

• Average water demand was reduced by 18.6 percent (Table 1); 
• The seasonal peak demand was also reduced, though to a lesser degree than average 

daily demand; 
• Customer demand became more responsive to information about evapotranspiration; 

and  
• Customer demand became less responsive to rainfall. 

 
 
Central Irrigation Systems 
 

Analytic Approach
Percent Water Use 

Reduction
Simple Model: All Landscape Customers 35%
Simple Water Use Model: Long Term Customers 23%
Models Controlling for Climate 22%
Structural Intervention Model 19%

Table 1 - Capistrano Valley Water District Savings
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An analysis was conducted of the water consumption reduction due to the use of a centralized 
irrigation system installed in the community of Aliso Viejo in Orange County (Western Policy 
Research 1996).  Controlling for climate and landscape size, water consumption was reduced 
by 34 percent overall compared to the period before the retrofit.  Most of the savings was 
attributed to the sloped areas, which account for 75 percent of the study area.  Sloped areas 
were shown to have a 45 percent reduction in water use compared to no significant reduction in 
the turf grass areas.  Due to the diversity of plant material on sloped areas, the author 
concludes that it is difficult to optimize irrigation for sloped areas without a central system. 
 
Landscape Audits 
 
CCWD 1994a and 1994b measured savings from a landscape audit program that involved visits 
to irrigated sites by irrigation management experts who made recommendations for 
conservation change.  Among other important findings, the study concluded: 
 

• The degree of excess irrigation is large in the fall season; 
• Contract landscapers are less efficient in terms of water consumption and irrigation 

practices; 
• Smaller sites (e.g., less than 2 acres) have the potential for a greater percentage water 

savings because they are not as well managed as large sites. 
• Savings from water audits decline rapidly over time. 

 
Water savings were estimated to be 20.6 percent in the first year, 7.7 percent in the second 
year, and 6.5 percent in the third year. 
 
Combined Landscape Management Practices 
 
Western Policy Research (1997) reports the results of a statistical analysis of the water saving 
effects of combinations of landscape management practices.  The three categories of landscape 
management practices include evapotranspiration-based irrigation scheduling, improved system 
maintenance, and advanced turf grass horticultural practices.  The study included 16 sites in 
similar climate conditions with cool-season turf. 
 
Outcomes of the study were measured in terms of conservation savings, turf quality, and root 
depth.  Overall, water consumption was cut in half by the programs, even after controlling for 
climate.  Tiered rates and outreach programs were implemented just prior to the study of 
conservation practices.  For example, the study attributed 30 inches of water savings per year to 
the inclining block rates and outreach programs.  An additional 21.9 inches is attributed to the 
advanced practices.  It is important to note that appearance of turf grass was also evaluated 
over time by a team of judges, who concluded that appearance actually improved over time. 
 
DeSena (1998, as reported in Vickers 2001) reports the outdoor water use of Irvine Ranch 
Water District customers was reduced by 50 percent as a result of its increasing rate block 
structure. 
 
 
 
CIMIS Hot Lines 
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Two programs were conducted by the Marin County Water District, as described in Bourg 1993 
and Nelson 1989.  The “Irrigation Management Program” contacted the largest irrigation 
customers, of which 63 agreed to participate in water conservation workshops.  Look-up tables 
were developed by conducting a study to calibrate the reference evapotranspiration to the local 
vegetation.  The workshops were attended by turf managers, who were instructed on how to 
use the Hot Line and look-up tables to determine the appropriate irrigation level.  A water 
auditor monitored irrigation. 
 
The other program involved an on-site audit of commercial/government customers with greater 
than 100HCF/YR water use to determine opportunities for water conservation.  The audits 
involved an initial audit to determine low-cost savings opportunities, and then a comprehensive 
audit with water distribution uniformity and catch cone tests.  Turf managers were then trained in 
how to access CIMIS data periodically and utilized in a computer program to determine the 
appropriate adjustments to irrigation scheduling.  
 
The following summarizes some of the available savings estimates from Bourg 1993 and 
Nelson 1989: 
 
CIMIS Hot Line with Water Audits for Parks and Playing Fields (Customers >400 HCF/YR): 
 

• 16% reduction in expected water usage (government parks) 
• 7.7% reduction in expected water usage (private park) 

 
CIMIS and Irrigation Management Training for Large Irrigation Customers:  
 

• 10.9% reduction in peak month demand (with Hot Line and training) 
• 3.6% reduction in peak month demand (with Hot Line, but no training) 

 
Although these water use per acre values are specific to an agency, the savings studies were 
conducted in Marin County, which has significantly different climate and landscape 
characteristics than many parts of California; the differences in climate, vegetation, and ETo, 
limit the generalizability of these results. 
 
Turf Replacement 
 
Padilla and Torres (2004) report 398 gallons per day participant-weighted average savings at 
commercial and residential sites from a turf rebate program. 
 
Sovocool and Rosales (2004) report 33% reduction average, and 39% reduction in the summer 
months in terms of “main meter” overall consumption at single family residences.  More relevant 
for large landscape is the decrease in mean irrigation use only.  Irrigation use, in gallons per 
square foot per year, was 79 at turf sites and 17 at xeriscape sites. 
 
The City of Austin (1999) reports average water savings per participant site of 214 gallons per 
day in the summer compared to preexisting landscapes as a result of their landscape rebate 
program. 
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Irrigation Controllers 
 
MWDSC (2004) performed bench test evaluations of three popular weather-based irrigation 
controllers.  The study concludes that the controllers have the potential to realize significant 
water savings, but that they still need some adjustment at times. 
 
U.C. Extension, Riverside (2004) tested a recent group of weather-based irrigation controllers 
and their ability to track Eto based irrigation throughout the year:  “The results of this study show 
each controller evaluated adjusted its irrigation schedules through the year roughly in concert 
with weather and ETo changes, but the magnitudes of their adjustments were not consistently in 
proportion to the changes in real-time ETo. Unfortunately, no product was able to produce 
highly accurate irrigation schedules consistently for every landscape setting when compared to 
research-based reference comparison treatments.” 
 
 
Persistence 
 
More research needs to be conducted to develop generalizable estimates of persistence.  One 
study indicates that savings from large landscape audit programs drop off quickly (CCWD 
1994).  Savings in the same year were 20.6 percent, savings in one season later were only 7.7 
percent, and savings two seasons later were 6.5 percent. 
 
Limitations 
 
One important limitation is the difficulty of distinguishing the savings achieved from the water-
budget-based rate structures from the outreach and incentives programs.  Since these 
programs have been implemented concurrently, a more detailed statistical analysis would be 
needed to determine how much each of the program components contributes to water savings. 
 
Confidence in Estimates 
 
Medium-Low.  The difficulty of generalizing landscape savings is apparent when considering the 
great diversity in climate among the regions throughout the state. 
 
 
2.16.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Participant program costs may include: 
 

• Cost of purchase and installation of landscape efficiency equipment, including 
controllers, moisture sensors, one-way valves, sprinkler heads, etc., to the extent they 
are not financially supported by the water supplier. 

 
Supplier program costs may include: 
 

• Landscape measurement 
• Financial incentives 
• Administration 
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• Contractors 
• Marketing 

 
 
CUWCC (1999) includes example cost estimates for a water budget program (Table 2) and a 
water survey program (Table 3).  Cost estimates for the water budget program range between 
$50 and $300 per site, according to the report.   Water survey costs range between $500 and 
$1500 per site. 
 
A&N Technical Services (1997) also reports the results of a survey of large landscape 

customers subject to water-budget based rate structures.  A mail survey was sent to all 
separately metered irrigation customers in four Southern California service areas.  The 
inference that can be drawn from the subset of returned surveys to the population is limited by 
the potential for response bias; inference to other agencies is limited further by the degree to 
which site characteristics and other conditions are similar to the study.  Table 4 shows the 
results of the customer self-reported estimates of costs of conservation actions:  Supplier costs 
might include computer programming to set up a new rate structure, program design and setup, 
area measurement, operation, education and outreach, and equipment rebates. 

Task
Fixed 
Costs

Cost per 
Site Notes

Inventory of dedicated irrigation meters 1,800$     30 hours x $60/hour = $1,800
Landscape measurement 100$       Assumes field measurement method used
Budget calculation 1,200$     20 hours x $60/hour
Budget distribution 12$         $1 per site per monthly billing period
Monitoring and tracking 30$         0.5 hours x $60/hour
Total 3,000$     142$       
Reproduced from CUWCC 1999.

Table 2 - Example Costs of Water Budget Program

Task
Fixed 
Costs

Cost per 
Site Notes

Inventory of CII Mixed Use Accounts 2,400$     40 hours x $60/hour
Targeting 2,400$     40 hours x $60/hour
Marketing 2,400$     25$         40 hours x $60/hour plus direct costs
Survey Implementation 720$       12 hours x $60/hour
Follow-Up Activities Not Included

Monitoring and Tracking 6,000$     10$         
100 hours x $60/hour which includes 1
 basic analysis 

Total 13,200$   755$       
Reproduced from CUWCC 1999.

Table 3 - Example Costs of Water Survey Program
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CCWD (1994) reports that auditing a site of up to one-acre costs $310, and $84 for each 
additional acre at the same site.  A detailed breakdown of audit costs in Appendix B of the study 
is reproduced in Table 5. 

 
Padilla and Torres (2004) report a rebate cost of $.50 per square foot of turf removed, or 
equivalently $598/AF. 
 
Sovocool and Rosales (2004) report that xeriscape maintenance spending (not including water 
savings) is approximately 1/3 less than turf maintenance spending. 
 
De La Piedra (2004) reports on the accuracy and cost of landscape area measurements using 
multi-spectral imaging. 
 
Applied Ecological Services (as reported in Vickers 2001) estimates that a landscape with 
prairie grasses or native vegetation costs much less to maintain than conventional turf grasses--
$3,000 per acre over 20 years compared to $20,000 per acre. 
 
 
Limitations 
 
Program costs will vary considerably depending on the design of the program.  

Action Initial Ongoing Initial Ongoing
Adjusted Timers 482$          247$          137$        77$          
Upgrade Equipment 2,571$       1,540$       953$        54$          
Repaired Irrigation System 793$          2,571$       560$        399$        
External Audit 45$            126$          43$          46$          
Other 185$          77$            141$        80$          

Table 4 - Mean Reported Costs of Conservation
Per AcrePer Customer

Action Hours Costs
Labor $28/hr.

Audit 6                           
Report/Schedule 3                           

Subtotal 9                           252.00$  
Administrative Costs 36.00$    
Labor Subtotal 288.00$  

Equipment
Computer $3200/500 audits 6.40$      
Catch Cans, Soil Probe, 
Pressure Guage, Flags, Wheel, 
Walkie-Talkie $750/250 audits 3.00$      
Milage 30 mi.@ $.28/mi. 8.40$      
Mailings 4.00$      
Equipment Subtotal 21.80$    

Total 309.80$  

Table 5 - Cost of Audit for Site with 1 Acre of Turfgrass
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Confidence in Estimates 
 
Medium. 
 
 
2.16.5 Water Savings Calculation Formula(s) 
 
Calculations 
 
Water_Savings = Savings_Per_Acre  *  Acres_Per_Site  *  Number_of_Sites 
 
Factors to Consider in Applying the Formula 
 
Statistical models, such as those used in A&N Technical Services (1997) are more complex 
then the simple equation above; however they require extensive data and modeling efforts. 

If the objective is to calculate pre-budget water use from data on post-budget water use: 

Pre-Budget Use = Post-Budget Use / ( 1 - Average Savings per Landscape Budget %/100) 
 

Example Calculations 
 
We provide three sample calculations.  The first is based on an empirical study of water budget 
based landscape conservation programs.  This study demonstrates a data- and model-driven 
method for calculating conservation savings from programs that combine water budget based 
rate structures with auxiliary program types (rebates, education, etc.).  The latter two examples 
are speculative efforts at quantifying conservation savings of a single program element, such as 
moisture sensor program.  We then summarize evidence for CIMIS hotline programs. 
 
Example 1: Empirical Estimation with a Statistical Model 
 
Table 1 shows the savings result of the structural model from Capistrano Valley Water District.  
This model estimates the conservation effect of an “intervention,” composed of a water budget 
based rate structure combined with outreach.  Since, in this case, both the rate structure and 
the outreach programs occur together, the statistical analysis cannot identify separate effects of 
each element of the intervention. 
 
Example 2: Rough Estimation of a Savings Parameter, Separately Metered Sites 
 
This example, as well as example 3, shows how savings figures can be used in “back of the 
envelope” calculations to develop rough savings estimates.  The examples illustrate how 
savings estimates can be developed for different definitions of a conservation activity.  In this 
example the activity is a “site” audit, and in example 3 the activity is an “acre” audit.  As 
explained below, the activity is defined differently in these two examples because of the 
available data: in this example separate meter data are available and in example 3 they are not. 
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A large landscape program is targeted toward 250 separately metered irrigation accounts.  
Consumption histories from the billing system provide an estimate of average consumption 
among these sites--approximately 120 hundred cubic feet per monthly billing period.  If the 
savings parameter needs to be expressed in gallons per day, average use per day in 
HCF/Month is converted to GPD.  If the program saves 15 percent of this use, the expected 
savings per site will be (2,967 X .15 =) 445 GPD. 
 

DAY
Gl.445 = 

DAY
Gl.2967 x .15

:Siteper  Savings Calculate
DAY
Gl.2,967  

30.25DAYS
748Gl.120 = 

MONTH
HCF120  

30.25DAYS=1MONTH
748Gl.=1HCF

:Siteper   UseCalculate

≈•⇒  

 
 
 
Example 3: Rough Estimation of a Savings Parameter, Separately Metered Sites 
 
A large landscape program is targeted toward 250 multi-family complexes whose outdoor water 
use is not separately metered.  Hence, consumption summaries from the billing system 
represent both indoor and outdoor water use.  The complexes each have about 2 acres of 
irrigated landscape area. 
 
On-site audits have shown irrigation of 60 or more inches of water per acre in areas where ETo 
is only 48 inches per year.  This savings potential is 12 inches per acre.  Taking a conservative 
6 inches per acre savings in practice, we calculate the savings per acre in gallons per day for 
the audit program:  
 

DAY
Gl.446  

365DAYS
325,851Gl.  .5 = 

YEAR
FEET.5  

365DAYS = 1YEAR
Gl.  325,851 = AF  1

:Acreper SavingsCalculate

≈•⇒

 

 
2.16.6 Questions to Ask 
 

• Are there other agencies that you can partner with to make your program more cost 
effective? 

• Are landscape areas on dedicated irrigation meters identified? 
• Are there CII accounts with mixed-use meters and like accounts without meters 

identified? 
• What are the climatic conditions, and do you have the ETo for determining the right 

application of water? 
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• Does your agency have a separate irrigation rate/tariff? 
• Does your agency already have an established billing system that will accommodate the 

use of water budgets?  
• Will your agency conduct these audits with its own personnel or with an outside 

contractor? 
• What type of water is used: potable or reclaimed? 
• Is follow-up training and tracking part of the program? 

 
 
2.16.7 Sources 
 
Applied Ecological Services, Inc. Brodhead, Wisconsin (as reported in Vickers 2001). 
 
A&N Technical Services (1997), “Landscape Water Conservation Programs: Evaluation of 
Water Budget Based Rate Structures,” prepared for the Metropolitan Water District of Southern 
California, September. 
 
Bourg, J.D., and J.O. Nelson (1993), “Results of Irrigation Audits/Scheduling of the Parks and 
Playing Fields of Novato California,” Proceedings of CONSERV93: The New Water Agenda, 
Denver: American Water Works Association, pp. 1019-1024.  As reported in PMCL (1994). 
 
CCWD (1994a), Contra Costa Water District, “Landscape Water Audit Evaluation,” August 
1994. 
 
CCWD (1994b), Contra Costa Water District, “Weather Normalized Evaluation,” August 1994. 
 
City of Austin, Texas, “Xeriscaping: Sowing the Seeds for Reducing Water Consumption,” 
prepared for the U.S. Bureau of Reclamation, Austin, Texas May 1999. 
 
CUWCC (1999), “Handbook: A Guide to Implementing Large Landscape Conservation 
Programs.” 
 
De La Piedra, J., “Landscape and Agricultural Area Measurement and Water Use Budgets” 
AWWA Water Resources Conference Proceedings, 2004. 
 
DeSena, M., “ Irvine Randch Water District Uses Rate Structures to Spur Conservation,” U.S. 
Water News, vol. 15, no. 21, September 1998. 
 
Metropolitan Water District of Southern California, “Weather Based Controller Bench Test  
Report,” 2004. 
 
Nelson, J.O. (1989), “Irrigation Management Program,” North Marin Water District, Novato, CA.  
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The Aliso Viejo Experience,” prepared for the Metropolitan Water District of Southern California. 
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2.17 System Audits and Leak Detection 
 
 
2.17.1 Device/Activity Description 
 
This conservation activity consists of three possible components: 
 

• System audits 
• Leak detection 
• Leak repair 

 
System audits include quantifying all produced and sold water, and may include testing meters, 
verifying records and maps, and field checking distribution controls and operating procedures 
(AWWA 1999).  The objective is to determine the amount of water that is lost and unaccounted 
for in the system.  System audits may identify losses from: 
 

• Accounting procedure errors 
• Illegal connections and theft 
• Malfunction distribution-system controls 
• Reservoir seepage, leakage, and overflow 
• Evaporation 
• Detected and undetected leaks 

 
Leak detection is the process of searching for and finding leaks in the system with sonic, visual, 
or other indicators.  Reviewers have noted that sonic and acoustic leak detection equipment is 
more accurate for smaller systems than for larger systems.  Audits and detection programs 
incur costs whether or not repairs are made; thus, audits and detection alone do not save water.  
Conversely, leaks are sometimes discovered without organized audit and detection programs.  
Finally, reviewers have noted that ”leak prevention” would also be part of these programs, 
including corrosion control, quality control on materials and installations, and backflow device 
testing. 
 
Kunkel and Beecher (2001) and Flowers (2001) review the challenges of defining water loss in a 
way that makes reporting meaningful. 
 
Farley and Trow (2003, source book) and Trow and Farely (2003, summary paper) provide a 
comprehensive overview of the IWA approach to leakage management in water distribution 
systems.    
 
 
2.17.2 Applicable BMPs 
 
BMP 3 – System Water Audits, Leak Detection and Repair calls for prescreening audits, full-
scale audits when indicated, and repairs. 
 
 
2.17.3 Available Water Savings Estimates 
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Summary of Individual Studies 
 
The incremental savings of system audits and leak detection are the additional savings from 
repairs that: a) would not have taken place without the program or b) would have taken place at 
a later time and perhaps more severely.  Moyer (1985) makes the rough assumption that leaks 
are detected one year earlier than they would have been without the program. 
 
Thorton (2002) contains case studies with reported savings and costs for a number of programs 
conducted in the field.  For example, the Moyer et al. (1983) study below is summarized in the 
Thorton text. 
 
Moyer et al. (1983) report the results of six years of leak detection and repair activities at the 
Westchester Joint Water Works in Mamaroneck, New York  as follows: 498 leaks detected, or 
10,469 ML water saved, and $239,062 total leak detection and repair costs. 
 
Young (as published in Thorton, 2002), found savings of 1,110 cubic meters using advanced 
water pressure management in a Johannesburg, South Africa. 
 
Maddaus, Arsdel, and Woody (2004) report the total system water loss in the Asheville, North 
Carolina service area was 36 percent  for year 2002.   Among other results reported, 61 large 
meters were tested and it was found that 10 meters were un-testable, 16 meters failed, and 35 
meters passed.  Preliminary results show a 46 percent fail rate for small meters between 5/8” 
and 1”. 
 
Lalonde (2004) reports savings of 6.5 percent on average resulting from pressure management 
strategies that reduce pressure, on average, 14psi. 
 
Thorton (2004) reports savings from one case study (York Region, Toronto, Canada) of 1.57 
million gallons per day, equating to a 22 percent savings of the original non-revenue water.  A 
second case study regarding Irvine Ranch Water District single-family residential pressure 
reduction found 1.9 percent savings and 4.1 percent for those with large landscapes.  A third in 
Sao Paolo, Brazil project annual savings of 671 million cubic meters resulting from installation of 
pressure stations, increased leak detection and response time, small revenue meter change-
outs, large meter change-outs, meter resetting, recovered physical loss, and recovered non 
physical loss. 
 
Bardsley and Lloyd (2004) report 68 million gallons per day savings resulting from installing 
distribution management areas, pressure reduction, replacing and repairing water mains, leak 
detection and repair. 
 
 
Rajala (2001) reports on program in Kansas that includes leak detection, meter testing and 
replacement, and bookkeeping reviews. 50 water audits were conducted and 207 million gallons 
on annual basis were saved as a result.  The cost of the program was $339,136 
 
 
 
 
Persistence 
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No study considering the persistence of savings from leak detection has been found. 
 
Limitations 
 
The assumptions regarding how much earlier leaks are detected with a program than without a 
program are not well supported. 
 
Confidence in Estimates 
 
Low.  To obtain reliable estimates of water conservation from leak repair, one needs to measure 
rates and how they may over time. 
 
 
2.17.4 Program and Device/Activity Cost Estimates  
 
Program Costs 
 
Supplier program costs may include: 
 

• System audits. 
• Leak detection equipment and labor. 
• Contractors 

 
AWWA (1999) conclude that the cost of water audits vary widely depending on factors such as 
the completeness of the audit, the size of the service area, and quality of utility records. In 
addition to meter testing, the major component of cost is labor by utility staff or consultants. 
 
For 12” to 15” meters, reviews reported audit cost from $500-$2,500.  A 1994 calibration of a 
30” meter cost $600.  California water system costs tend to run higher than the national 
averages reported by AWWA, according to the reviewers. 
 
Reviewers also noted that leak prevention activities cost about $150 per test.  Materials cost in 
the range of $500 to $2,000—for example—for installation of back flow devices. 
 
As stated before Moyer et al. (1983) results of six years of leak detection, with 498 leaks 
detected and repaired, cost $239,062. 
 
 
Limitations 
 
Leak detection equipment is evolving rapidly and cost data needs to be updated periodically. 
 
Confidence in Estimates 
 
Medium-Low. 
 
 
2.17.5 Water Savings Calculation Formula(s) 
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Calculations 
 
Estimating the water lost from a leak can be performed with one of three methods: 1) bucket 
and stopwatch, 2) hose and meter, or 3) calculation using Greeley’s formula (AWWA 1999): 
 
Q = ( 43,767/1440 )  *  A  *  sqrt(P) 
 
where: 
 

• Q is flow in gallons per minute 
• A is the cross-sectional area of the leak in square inches (or 3.14*r2 if circular hole) 
• P is pressure in pounds per square inch 

 
 
Factors to Consider in Applying the Formula 
 
The formula provides only a rough approximation, not a source of measured data. 
 
Example Calculation 
 
Table 1 contains results of savings calculations using Greeley’s formula for circular holes.  
Table 2  contains results for leaks in joints and cracks. 
 

 
2.17.6 Questions to Ask 
 

• Do you know who to ask to obtain your “unaccounted for” percentage?  (Hint - 
operations and billing departments are sources for produced and sold water, which can 
be used to calculate a cursory estimate of unaccounted for water.  However, a thorough 
audit process is needed for a fully substantiated estimate of unaccounted for water.)   

 

Diameter of Hole 
(in.) Area of Hole (in.2) 20 psi 100 psi 200 psi
0.1 0.007 1.067 2.388 3.337
0.5 0.196 26.699 59.702 84.431
0.9 0.636 86.506 193.434 273.557
1.3 1.327 180.488 403.584 570.755
1.7 2.270 308.646 690.153 976.024
2.0 3.142 427.191 955.230 1350.890

Source: Abstracted from AWWA 1999 Table 4-3.

Length of Crack 
(in.) Width of Crack (in.) 20 psi 100 psi 200 psi
1.0 0.03 3.2 7.1 10.1
1.0 0.06 6.4 14.2 20.1
1.0 0.13 12.7 28.5 40.3
1.0 0.25 25.5 57.0 80.6

Source: Abstracted from AWWA 1999.    Orifice coefficient is .60.

Table 1 - Leak Losses for Circular Holes Under Different Pressures (gpm)

Table 2 - Leak Losses for Joints and Cracks Under Different Pressures (gpm)
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California Department of Water Resources (1986), “Water Audit and Leak Detection 
Guidebook,” with the American Water Works Association California – Nevada Section. 
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3 Program Cost Accounting 
 
This chapter provides guidelines for conservation program cost accounting—including a 
standard cost template—to encourage complete enumeration and uniform classification of all 
relevant program costs.10  It also addresses how packaging of devices and activities into a 
comprehensive conservation program can affect both program costs and program savings.  An 
expanded example is developed to illustrate how program design can impact costs. This 
example also discusses cost estimation issues such as perspective of analysis, free riders, and 
cost sharing. 
 
Roadmap:  The primary emphasis of this chapter is on cost accounting.  Material that deals 
with the more general issues of benefit-cost and cost-effectiveness analyses can be found in the 
CUWCC Cost-Effectiveness Guidelines document.  More detailed examples of cost-
effectiveness analysis are also included in Appendix A of this document and in the Cost-
Effectiveness Guidelines. 
 
Program design can influence program costs, thus, consideration of program design is 
important to cost estimation.  This chapter provides tools to estimate how different program 
design parameters may affect program costs, as well as providing more general guidance on 
how to estimate and account for program costs.11 
 
3.1 Templates to Structure Cost Accounting 
 
This section provides a two-part template to structure cost measurement and valuation data.  
The template provides an expanded structure that is consistent with the CEA Guidelines.  In 
section 3.3 is a numerical example of how to utilize the template.   
 
Table 3.1 is the first page of the cost template.  The rows in this table are grouped into four 
functional categories: A) Administration, B) Marketing, Advertising, and Outreach, C) Direct 
Implementation, and D) Evaluation, Measurement, and Verification.  The columns are divided 
into two categories: Utilities (work done in-house) and Contractors (work contracted out).   An 
advantage of this structure is that it forces explicit comparisons between delivery of services by 
a utility and by contractors.  Although such comparisons may be done in the aggregate, rarely 
are they done side by side.

                                                 
10 This chapter is based on the following sources, all of which are good references for further information 
about water conservation program costs: 1) U.S. EPA Water Conservation Plan Guidelines, EPA-832-D-
98-001, 1998; 2) CUWCC CEA Guidelines, 1996; 3) Pekelney, Chesnutt, and Mitchell, Cost-Effective 
Cost-Effectiveness: Quantifying Conservation on the Cheap, June 1996 proceedings of the American 
Water Works Association; and the AWWA Guidebook for Small and Medium Sized Utilities. 
11  Good references that include program design and implementation include the CUWCC BMP 
Handbook series (Large Landscape, etc.) and Handbook of Water Use and Conservation, Amy Vickers, 
2001.   
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The reader should note that rows and columns may always be added or deleted.  For example, 
one might want several categories of direct implementation materials if the program is multi-
faceted, like an indoor and outdoor residential survey.  As represented below in Table 3.5, rows 
may be added if there is cost sharing by another utility and one wishes to make such accounting 
explicit -- e.g. this could allow an analysis of costs with and without cost sharing. 
 
To use the template, organize the program costs into basic accounting units, such as direct 
labor, materials, administration, and contracted services.  The sequence of columns includes 
the number units (e.g., hours of labor time), the unit cost (e.g., $40 per hour) and their product in 
the subtotal column.  In addition, the column labeled Time is used to indicate at what time the 
cost is incurred.  For example, labor costs for program design may be incurred only in the first 
year, while labor for implementation may be incurred through all the years of the program.  Be 

sure to always use either calendar year or fiscal year designations. 
 
Table 3.2 is the second part of the template where costs can be summed and further 
accumulated and displayed over time.  The first column tracks the elapsed years.  Thus, the first 
year of program implementation would be Year 1 with the costs assumed to be incurred at one 
time at the end of the year.  Program design and planning would take place in Year 0 and 
earlier.  The second column contains the calendar year equivalent (or FY if that is the 
convention used).  A consistent convention such as end of year accounting is highly 
recommended.   
 
The following four columns contain the four cost categories.  Subtotals are included for the time 
period indicated in the Time column in Table 3.1 (2004-05).  Row sums are contained in the 
column labeled Total and the discounted Total is included in the Present Value Total column.  
Discounted costs are calculated per the CEA Guidelines: 
 
Where t=1 to n, it indicates the years that costs are incurred (in Table 3.2, the Elapsed Year).  
The sigma indicates the summation of the present values calculated in the rows—summing over 
all years—to get present value costs over the period of analysis (PVCosts). 
 
 
 

∑
= +

=
n

t
t

t

teDiscountRa
CostsPVCosts

1 )1(

Elapsed 
Year

Calendar 
Year Administration

Marketing, 
Advertising, and 

Outreach
Direct 

Implementation

Evaluation, 
Measurement, and 

Verification Total

Present 
Value 
Total

0 2003
1 2004
2 2005
3 2006
4 2007
5 2008
6 2009
7 2010
8 2011
9 2012

10 2013
Total

Table 3.2  CUWCC Program Cost Accounting Template (Over Time)

Notes:
1. This template provides a recommended form for cost accounting. It may be adapted as needed.
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3.2 Discussion 
 
Contracted costs are frequently straightforward to quantify, since they are usually specified by 
the contract itself and a paper trail of contractor payments can be easily followed.  However, the 
contract budget may not be broken down in the units most informative to the Cost Effective 
Analysis (CEA). 
 
For example, costs associated with in-house staff time may not be straightforward to quantify or 
value.  This may be true when  the amount of time spent on a particular project by staff is not 
explicitly tracked.  This adds guesswork to the quantified number of hours.  Furthermore, 
overhead may involve more than just costs associated with staff labor; it may include implicit 
cross subsidies within the organization.  One way to arrive at an estimate of in-house staff time 
valuation is to take the annual fully-loaded staff salary and overhead and divide it by the number 
of working hours.  It is most useful if the terms of “fully loaded” and “overhead” are clearly 
defined.  Then, it is easier to be explicit about what is included in the cost estimates. 
 
 
3.3 Numerical Example 
 
This example, Table 3.3, is provided to demonstrate in simple numerical terms how to apply the 
template and the cost accounting and estimation methods developed pursuant to the 
Memorandum of Understanding (MOU).  Table 3.3 is a simple example to communicate the 
fundamental principles to those new to the subject.  More complex examples can be found in 
Appendix A and the CEA Guidelines. 
 
This example is based on a hypothetical ULF toilet rebate program.  It shows the cost template 
filled in with cost data for a simple program.  The second column contains the labels for each 
cost item.  In the Administration cost category, direct labor is presented in units of labor hours.  
This is  assumed to be 500 hours (Column 3) at a cost of $30 per hour for direct labor and $20 
per hour for benefits and overhead (Column 4) for the Year 2004-05 period (Column 6).  
General administration is $10 per rebate for 1,000 rebates over the same period. 
 
In the Marketing and Outreach cost category, this table includes some contracted costs in 
addition to the in-house costs.  For example, the tasks of producing the marketing materials and 
mailing them have been contracted out at the unit rates of $0.25 and $0.50 per mailing 
respectively for a total of 10,000 mailings in the service territory. In the Direct Implementation 
cost category, the supplier running the project pays for the rebates. The program provides 1,000 
rebates for the 2004-05 period. The Evaluation, Measurement and Verification cost category 
includes measurement and verification. 
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Table 3.4 shows how costs identified and quantified in Table 3.3 can be assigned to their 
appropriate time period and accumulated.  Administration costs, a total of $25,000 in Table 3.3, 
are distributed 50/50 between Years 2004 and 2005 in Table 3.4 (Column 3). This is also true 
for  Marketing, Advertising, and Outreach (Column 4), and Direct Implementation (Column 5).  
Evaluation, Measurement and Verification category costs are spread equally over three years 
(Column 6), as specified in Table 3.3.  The last two columns of Table 3.4 sum the rows to create 
the year-by-year totals, then calculate the present value of the row sum by discounting.  Finally, 
the bottom row, labeled Total, sums the rows to yield the present value of the costs of the 
program. 
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Building on this example, several facets are added to the analysis in the next pair of tables: cost 
sharing and perspectives of analysis.  Table 3.5 has the same layout of costs as in Table 3.3, 
but with the aforementioned additions.  Notice the costs to the customer have been added in 
lines C.1 and C.3.  The customer cost for the ULF toilet is their “after rebate” cost to avoid 
double counting (the rebate is a transfer payment).  Further, Line C.4 has been split in two.  Line 
C.4.1 contains rebates that are paid for by the supplier, and Line C.4.2 contains rebates that are 
paid for by the cost share partner—in this case a wastewater utility. 

Elapsed 
Year

Calendar 
Year Administration

Marketing, 
Advertising, and 

Outreach
Direct 

Implementation

Evaluation, 
Measurement, 

and Verification Total
Present 

Value Total
0 2003 -$         -$           
1 2004 17,500$            8,750$               37,500$              5,000$               68,750$   66,748$     
2 2005 17,500$            8,750$               37,500$              5,000$               68,750$   64,803$     
3 2006 5,000$               5,000$     4,576$       
4 2007 -$         -$           
5 2008 -$         -$           
6 2009 -$         -$           
7 2010 -$         -$           
8 2011 -$         -$           
9 2012 -$         -$           
10 2013 -$         -$           

Total 136,127$   

Real Discount Rate: 3.0%

Table 3.4  Example ULF Toilet Program: Supplier Perspective
(In Year 2003 Dollars)

Notes:
1. Programs planned for longer than two years can be extended to up to 10 years in this table; additional rows can be 
added for longer periods.
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Tables 3.6 and 3.7 show the costs assigned to two perspectives of analyses: Supplier with Cost 
Sharing and Total Society.  Table 3.6 shows that the supplier with cost sharing perspective 
contains all of the costs that are faced by that supplier.  These costs are less than in Table 3.4 
because the wastewater utility is now bearing some of the costs of direct implementation.  With 
costs lower, this conservation program would be more cost effective from the supplier with cost 
sharing perspective.  Cost sharing makes it more likely—to use an MOU example—that the 
BMP would be found to be cost effective, and thus not suitable for exemption. 
 
Table 3.7 shows the costs accumulated from the total society perspective.  Here the entire costs 
of direct implementation are included—both the share paid by the supplier and by the 
wastewater utility cost share partner.  The customer costs are also included.  Although the total 
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present value costs are larger than the total society perspective, they are to be compared to a 
commensurately larger range of benefits according to the MOU’s economic analyses—total 
society benefits.  The CEA Guidelines provide additional explanation of the method of 
calculating benefits for purposes of the MOU. 
 

Elapsed 
Year

Calendar 
Year

Administration 
($)

Marketing, 
Advertising, and 

Outreach ($)

Direct 
Implementation 

($)

Evaluation, 
Measurement, and 

Verification ($) Total ($)

Present 
Value Total 

($)
0 2004 -$            -$           
1 2005 17,500$            8,750$                 18,750$              5,000$                      50,000$       48,544$     
2 2006 17,500$            8,750$                 18,750$              5,000$                      50,000$       47,130$     
3 2007 5,000$                      5,000$         4,576$       
4 2008 -$            -$           
5 2009 -$            -$           
6 2010 -$            -$           
7 2011 -$            -$           
8 2012 -$            -$           
9 2013 -$            -$           
10 2014 -$            -$           

Total 100,249$   

Real Discount Rate: 3.0%

Elapsed 
Year

Calendar 
Year

Administration 
($)

Marketing, 
Advertising, and 

Outreach ($)

Direct 
Implementation 

($)

Evaluation, 
Measurement, and 

Verification ($) Total ($)

Present 
Value Total 

($)
0 2004 -$            -$           
1 2005 17,500$            8,750$                 90,000$              5,000$                      121,250$     119,435$   
2 2006 17,500$            8,750$                 90,000$              5,000$                      121,250$     117,646$   
3 2007 5,000$                      5,000$         4,779$       
4 2008 -$            -$           
5 2009 -$            -$           
6 2010 -$            -$           
7 2011 -$            -$           
8 2012 -$            -$           
9 2013 -$            -$           
10 2014 -$            -$           

Total 241,860$   

Real Discount Rate: 1.5%

Notes:
1. Programs planned for longer than two years can be extended to up to 10 years in this table; additional rows can be added 
for longer periods.

Table 3.6  Example ULF Toilet Program: Supplier Perspective with Cost Sharing
(In Year 2003 Dollars)

Notes:
1. Programs planned for longer than two years can be extended to up to 10 years in this table; additional rows can be added 
for longer periods.

Table 3.7  Example ULF Toilet Program: Total Society Perspective
(In Year 2003 Dollars)
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Caveat: The most glaring omission in this example is the exclusion of external costs that would 
be required for both the supplier with cost sharing and the total society perspectives according 
to the CEA Guidelines.  External costs may include environmental cost as well as other types.  
Another omission is toilet disposal costs, which are not external and which can be readily 
calculated.  Disposal costs may be borne either by the utility or customer according to program 
design.  This is a simple illustration of how program design can affect program costs. 
 
3.4 Discussion 
 
In addition to this chapter’s numerical example there are important areas of discussion 
regarding both the example and the topic of cost accounting and estimation for the MOU.  The 
discussion topics below augment or repeat guidance from the CEA Guidelines. 
 
Program Scale and Design.  The cost accounting template can be used to readily understand 
the cost implications of alternative program scales and designs.  For example, some of the 
administration costs are associated with setting up the program and would not increase 
substantially if the program were to have 2,000 or more rebates.  Thus, the total cost per rebate 
and cost per acre-foot of water conserved would be less for the larger scale program as long as 
increasing returns to scale continued to be present. 
 
Alternative program designs may also be considered, such as direct install programs or 
additional levels of targeting.  For example, a direct install program would put more of the total 
cost of implementation on the supplier, but it may allow the program to reach customer groups 
that would not otherwise participate (e.g., low-income households or rental housing).  Better 
targeting may also be a worthwhile investment, i.e. offering rebates only to those customers in 
the higher elevations of the service area for whom pumping costs are much higher.  In these 
cases, the administration costs may be higher, and can be clearly highlighted in the cost 
templates. 
 
Free Riders.  Again, program design is an important area for conservation coordinators that is 
itself beyond the scope of this chapter.  However, we intend to illustrate here that systematic 
cost categories can highlight and make explicit the implications of alternative program designs.  
In the case of free riders, their presence can affect program costs by requiring more careful 
targeting, marketing, and screening of program participants or changing the way in which toilets 
are delivered to households - e.g. substituting a direct install program for a rebate program. 
 
Inflation.  Although the U.S. is currently in a low inflation macroeconomic environment, it is still 
important to make explicit assumptions regarding.  The example in this chapter has used 
inflation-adjusted “real” dollars with an explicitly stated base year as specified in the CEA 
Guidelines.  Frequently, analyst finds cost estimates that are from different time periods 
(adjustments should be made) or that do not have time specified at all (assumptions must be 
made or further investigation is needed).12 
 
Prospective or Retrospective Analysis?  The cost template can be used for forward-looking 
planning analyses (prospective) or backward looking evaluations (retrospective analysis).  
Likewise, the templates can be used for back of the envelope calculations or for detailed 
analyses as expected by the Council in conjunction with BMP exemption requests.  The user is 
                                                 
12 Inflation-adjusted dollars are known as “real” dollars or “constant” dollars synonymously.  Likewise, 
“nominal” dollars (not inflation adjusted) are synonymous with “current” dollars. 
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encouraged to expand on the framework when it is not adequate to convey appropriate detail as 
long as an accompanying explanation is provided to guide the reader. 
 
Double Counting.  One must be clear in identification of costs that are shared with or paid by 
another utility or other third party such as a power utility or wastewater treatment district.  These 
cost sharing arrangements should be explicit and care must be taken to avoid the type of double 
counting that can occur when multiple wholesalers share the cost of programs implemented at 
the retail agency level.  Careful consideration also needs to be given to the economic viability of 
a program should a portion of the funds expected under cost-sharing arrangements fail to 
materialize. Complete enumeration and correct allocation of all costs is essential to conducting 
cost analyses from the different perspectives. 
 
Contractor Costs.  If the program is operated entirely by outside contractors, estimating program 
costs for the utility is more straightforward: it is simply the sum of past, present, and future 
payments to the contractors plus all of the costs incurred by the agency in administering the 
contract and monitoring the vendor. 
 
 
3.5 Conclusion 
 
When estimating conservation program costs, a standard cost template will encourage complete 
enumeration of all relevant program costs.  This method forces explicit display of how packaging 
of devices and activities into a comprehensive conservation programs can affect program costs, 
as well as savings.  
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FOREWARD 
 
Irrigation demand is the single largest end use of water in the urban sector in California. 

Irrigation demands typically account for 50% or more of the total water used in many California 
homes and businesses.  As water utilities pursue options for new supplies, one option involves 
capturing savings from water conservation programs.  This process also includes continually 
searching for additional water conservation opportunities through new measures and new 
technologies.  Water agencies, wastewater utilities, the utility customer, and the environment all 
benefit from improved efficiency. 
 

In support of the goals of water conservation and environmental sustainability, the 
California Department of Water Resources funded two large-scale regional efforts to improve 
urban irrigation efficiency and reduce runoff through the installation of smart controllers.  

  
Automatic clock driven in-ground irrigation systems were developed with the goal of 

delivering water to urban landscapes effectively and efficiently.  In well designed, built, 
maintained, and operated systems this goal is often achieved. In less ideal situations, irrigation 
systems provide inefficient and excessive water delivery.  At the core of the irrigation system is 
the controller or “clock” where irrigation run days and times are set and where electronic signals 
that turn on and off irrigation valves are generated.  The controller is also the key interface 
between the irrigation system and person in charge of operating that system – the homeowner, 
property manager, or landscape contractor.   

 
Smart controllers (commonly referred to as ET controllers, weather-based irrigation 

controllers, smart sprinkler controllers, and water smart irrigation controllers) are a new 
generation of irrigation controllers that utilize prevailing weather conditions, current and historic 
evapotranspiration, soil moisture levels, and other relevant factors to adapt water applications to 
meet the actual needs of plants. 

 
The irrigation controller is important, but only one piece of the puzzle.  Even the best, 

most water efficient controller cannot make up for poor system design, installation, and 
maintenance.  The focus of this report is on irrigation controllers, but a holistic approach to 
irrigation systems and landscape design and maintenance is required to achieve the full potential 
of water savings in the urban irrigation sector. 
 

This report presents an evaluation of the California Weather-Based Irrigation Controller 
programs.  This project presents empirical data on the performance of smart controller products 
distributed and installed through different methodologies in a wide variety of settings.  This 
report is intended to fulfill a key requirement of the DWR grants and provide information and 
guidance for future smart controller and landscape conservation programs. 

 
This report reflects the results of an effort that began over four years ago in cooperation 

with the California Department of Water Resources, the California Urban Water Conservation 
Council, the Metropolitan Water District of Southern California and their 26 member agencies, 
and a consortium of six water agencies in northern California led by the East Bay Municipal 
Utility District.  It is hoped that the information presented in this report will be found timely, 
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useful, and objective; will add to the current body of knowledge; and that the appropriate 
organizations, including water utilities and the California Department of Water Resources, will 
consider adopting and implementing the study’s recommendations. 

 
Innovations in any field involve risk.  In the case of this new irrigation technology, 

weather-based irrigation controllers, people across California have taken the risk of investing 
their time, money, and expertise to explore the possibility of improving the efficiency of water 
use in California’s urban landscapes.  As this report demonstrates, the risks have been justified 
and the investments are resulting in significant water savings.  
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EXECUTIVE SUMMARY 
 

Irrigation demand is the single largest end use of water in the urban sector in California. 
Irrigation demands typically account for 50% or more of the total water used in many California 
home and businesses (Mayer et. al. 1999, 2000) (DeOreo 2007).   Improving irrigation efficiency 
is perhaps the single most important goal for water conservation professionals in the coming 
years.  In support of this goal, the California Department of Water Resources (DWR) funded two 
large-scale regional efforts to affect urban irrigation efficiency and reduce runoff through the 
installation of smart controllers.   

 
Smart controllers (commonly referred to as ET controllers, weather-based irrigation 

controllers, smart sprinkler controllers, and water smart irrigation controllers) are a new 
generation of irrigation controllers that utilize prevailing weather conditions, current and historic 
evapotranspiration, soil moisture levels, and other relevant factors to adapt water applications to 
meet the actual needs of plants. 

   
As a relatively new technology, water utilities have had only limited experience with 

smart controllers.  The potential of smart controllers to reduce urban irrigation demands has only 
been measured through a limited number of studies.  The California installation programs 
represent the largest coordinated effort to implement this technology and as such provide an 
important opportunity to evaluate the performance of smart controllers in the field and to 
determine if this is a tool that should be broadly pursued as a conservation measure. 

 
New technology must be proven effective at reducing water demands in laboratory and 

field settings before it can be responsibly adopted into local, regional, statewide, and national 
water conservation programs.  Research studies over the past 8 years have measured statistically 
significant water savings and runoff reduction achieved through the implementation of smart 
irrigation control technology (Bamezai 2004), (DeOreo, et. al. 2003), (IA, 2006, 2007, 2008), 
(Jakubowski 2008), (Kennedy/Jenks 2008), (Mayer, et. al. 2008), (MWDOC, IRWD 2004), 
(SCWA 2005), (US DOI 2007, 2008).  Over that time nearly 20 smart control product developers 
and manufacturers have emerged and weather-based irrigation control has become a strategic 
focus of the irrigation industry. 

 
The controller is important, but only one piece of the irrigation puzzle.  Even the best, 

most water efficient controller cannot make up for poor irrigation system design, installation, and 
maintenance.  The focus of this report in on irrigation controllers, but a holistic approach to 
irrigation systems and landscape design and maintenance is required to achieve the full potential 
of water savings in the urban irrigation sector. 
 
Research Approach 

The California Proposition 13 Smart Controller programs are the largest scale efforts to 
date to distribute and evaluate the impacts of weather-based irrigation control technology. This 
report presents an evaluation of the California weather-based irrigation controller programs in 
northern and southern California.  This project presents empirical data on the performance of and 
satisfaction with smart controller products distributed and installed through different 
methodologies in a wide variety of settings.   
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This executive summary presents key study findings and results summarized concisely 

and without explanation or reference to the methodologies implemented by the research team.  
The full body of the report includes detailed explanations of the research approach, all 
participating agencies and organizations, data sources and analytic and statistical methods 
employed.  Please refer to the Research Methodology chapter and the subsequent results chapters 
for full details.  The Appendices include detailed information about each smart controller 
technology and brand as well as copies of survey instruments, fully enumerated survey results, 
and other supporting documentation.  
 
Smart Controller Programs and Installation Summary 

Through this program more than 6,342 smart controllers have been installed in southern 
and northern California.  This report presents results of the impact of 3,112 smart controllers 
(49.1% of the total) installed at 2,294 sites in northern and southern California.  These sites met 
the fundamental data requirements established for inclusion in this study – 1 full year of pre- and 
post-installation billing data, corresponding climate data, a measurement of the landscape area at 
the site, and basic information about the site, controller, and installation.   

 
The fundamental unit of analysis for this smart controller evaluation study was on the site 

level.  A site is a property where one or more smart controllers were installed.  A single-family 
residential property with a single smart controller is a site as is a multi-family housing complex 
with 20 smart controllers installed.  Only sites for which sufficient data were provided could be 
included in the analysis portion of this study.  Utility partners were able to provide the necessary 
data for 2,294 sites encompassing 3,112 smart controllers to be included.   
 

The southern California smart controller programs were made up of a large number of 
distribution programs developed and implemented by more than 20 water agencies.  MWD’s 
member agencies invested significant time and resources to implement and market their smart 
controller programs, tried various approaches, and made mid-stream adjustments because of lack 
of participation.  Three fundamental smart controller distribution program methodologies were 
implemented in southern California: rebate and voucher programs, exchange programs, and 
direct installation.  While some agencies tried to target the smart controllers to historically high 
irrigators, by and large, the southern California program effort was a general distribution 
program that provided smart control technology to interested and motivated customers.  

 
The northern California Smart Controller programs were made up of rebate, voucher and 

direct installation programs at five participating agencies under the leadership of the East Bay 
Municipal Utility District.  In an effort to maximize potential water savings, agencies in northern 
California targeted customers with historically high outdoor water use demands through an 
analysis of historic billing data.    

 
Table ES.1 presents a summary of the smart controller installations evaluated in this 

study.  A total of 411 controller sites (17.9%) were located in northern California and 1,883 sites 
(82.1%) were located in southern California.  The northern California smart controller sites were 
located in the San Francisco Bay region including Oakland and the various East Bay cities, Santa 
Clara County to the south, and Sonoma County to the north.  The southern California sites were 
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located in the Los Angeles and San Diego metropolitan area starting from Santa Barbara in the 
north (outside the MWD service area) and stretching south to San Diego County and the Mexico 
border. 

 
Table ES.1:  Summary of smart controller installations in study 

Category All Sites Northern Sites Southern Sites 
Total  2,294 (100.0%)  411 (17.9%)  1883 (82.1%)

Customer Category 
Single-Family Residential  1,987 (86.6%)  295 (12.9%)  1,692 (73.8%)
Multi-Family, Commercial, and 
Other Non-Residential  296 (12.9%)  105 (4.6%)  191 (8.3%)
Irrigation only 11 (0.5%) 11 (0.5%) 

Installation Method 
Self-Installed*  1,374 (59.9%)  182 (7.9%)  1193 (52.0%)
Professional/Utility**  919 (40.1%)  229 (10.0%) 690 (30.1%) 

Climate Zone 
Coastal  655 (28.6%)  67 (2.9%)  588 (25.6%)
Intermediate  1,444 (62.9%)  330 (14.4%)  1114 (48.6%)
Inland  195 (8.5%)  14 (0.6%)  181 (7.9%)

Smart Controller Brand 
Acclima  1 (0.0%)  1 (0.0%)  0 (0.0%)
Accurate WeatherSet  342 (14.9%)  3 (0.1%)  339 (14.8%)
Aqua Conserve  288 (12.6%)  52 (2.3%)  236 (10.3%)
Calsense  17 (0.7%)  0 (0.0%)  16 (0.7%)
ET Water  94 (4.1%)  93 (4.1%)  1 (0.0%)
Hunter  44 (1.9%)  44 (1.9%)  0 (0.0%)
HydroEarth  2 (0.1%)  0 (0.0%)  2 (0.1%)
HydroPoint  537 (23.4%)  52 (2.3%)  485 (21.1%)
Irritrol  37 (1.6%)  34 (1.5%)  3 (0.1%)
LawnLogic  1 (0.0%)  1 (0.0%)  0 (0.0%)
Nelson  3 (0.1%)  1 (0.0%)  2 (0.1%)
Rain Master  22 (1.0%)  5 (0.2%)  17 (0.7%)
Toro  68 (3.0%)  42 (1.8%)  26 (1.1%)
Weathermatic  838 (36.5%)  82 (3.6%)  756 (33.0 %)

*Customer was responsible for installing the controller.  They could have hired someone else to do it, but this 
information is not known. 

**Controller was installed and/or programmed by an irrigation professional, utility representative, or other party 
besides the customer 
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Fourteen different brands of controller were included in the analysis portion of this study.  
Three brands, HydroPoint, Toro, and Irritrol are the same technology with a different box and 
face plate, and these were combined into a single category for the impact analysis.  Controllers 
installed at fewer than 15 sites were included in the overall impact analysis, but not in analysis 
by brand because of the lack of sample size and hence statistical validity.  This limitation 
excluded only 7 controller sites from the brand analysis. 

 
Customers (also referred to as “participants”) were responsible for installing about 60% 

of the smart controllers in this study (referred to simply as “self-installation”). They could have 
hired someone to perform the installation for them, but that level of detailed information is not 
known.  At about 40% of the sites the controller was installed and/or programmed by an 
irrigation professional, utility representative, or other party besides the customer (referred to as 
“professional installation”). 
 

In reviewing and comparing the performance of the controllers in this study it is 
important to keep in mind that water savings is only one evaluation measure.  An important 
evaluation parameter to consider is the post-application ratio (post-AR).  A primary goal of smart 
irrigation technology is to reliably match the actual irrigation application to the theoretical 
irrigation requirement, (to achieve a post-application ratio of 1.0).  Controllers that match actual 
applications to the theoretical requirement can be considered successful even if they do not 
reduce (or even increase) water use, because they are performing as designed. 

 
Research Findings 

Summary of Key Results. 
The evaluation of research described in this report provides strong evidence for the 

following findings and conclusions: 
 

• Weather-based “smart” irrigation controllers, while a valuable tool, are not a “magic 
bullet” for achieving perfect irrigation control and water savings. 

• On average smart controllers are a moderately effective measure for reducing the amount 
of water applied by automatic irrigation systems, while maintaining the health, and 
appearance of landscapes.   

• When seeking irrigation water savings, the pre-existing level of excess irrigation at the 
site is the most important factor to consider.  

• The water savings achieved through installation of smart controllers can be maximized by 
targeting the technology to irrigators with historically high irrigation application rates, 
not simply customers with high irrigation use.   

• The many irrigators who historically apply less than the theoretical irrigation requirement 
for their landscape are likely to increase their irrigation application rate after installing a 
smart controller.  

• Survey results indicate that smart controllers are likely to achieve a high degree of 
customer acceptance once they more broadly penetrate the consciousness of irrigation 
contractors and the general public.   
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• The utility programs implemented through the DWR grant have succeed in raising public 
awareness of this technology, but survey results suggest most consumers have no 
knowledge of smart irrigation control. 

• Smart controllers can achieve cost effective water savings for utilities and irrigators under 
some cost and pricing scenarios, however this technology will not be cost effective for all 
utilities and customers.   

• Most of the smart control brands and technologies evaluated in this study reduced 
irrigation demands on average, but not all of these reductions were statistically 
significant.   

 
A more detailed summary of the findings from this study are presented below. 
 
Weather-Normalized Change in Irrigation Volume 

The total weather-normalized volumetric change in outdoor usage for each study site and 
region is presented in Table ES.2.  This table includes the results from the 2,294 smart controller 
sites included in the impact analysis.  In this study, the smart controllers sites changed water use 
by -108,418,500 gallons (-144,942 hcf, -330 acre-feet) across California in one year.   All but 
one participating water agency achieved overall water savings.  Sites in northern California 
reduced demand of -152.8 af (46.3% of the total savings), and sites in southern California 
reduced demand by -177.1 af (53.7% of the total savings). 

 
The average weather-normalized change in water use per smart controller site is 

presented in Table ES.3.  Overall, outdoor water use was reduced by an average of 47.3 kgal per 
site (-6.1% of average outdoor use) across the 2,294 sites examined in this study as part of the 
California Weather-Based Irrigation Controller Programs.  This reduction was found to be 
statistically significant at the 95% confidence level.  At smart controller sites in northern 
California the average change in outdoor use was a reduction of 122.2 kgal per site (-6.8% of 
average outdoor use).  This change was not statistically significant at the 95% confidence level, 
but was significant at the 90% confidence level.  At smart controller sites in southern California 
the average change in outdoor use was a reduction of 30.9 kgal per site (-5.6% of average 
outdoor use) and this was statistically significant at the 95% confidence level. 
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 Table ES.2: Weather-normalized total change in water use estimated in study (1 year of 
data) 
Site Location Weather-Normalized Total Change in Water Use 
 kgal hcf acre-feet 
All Sites -108,418.5 -144,941.9 -330.0 
Northern Sites -50,215.0 -67,131.2 -152.8 
Southern Sites -58,203.4 -77,810.7 -177.1 
Coastal ET Zone -27,864.8 -37,251.7 -84.8 
Intermediate ET Zone -75,440.9 -100,855.0 -229.6 
Inland ET Zone -5,112.9 -6,835.3 -15.6 
Professional Installation -35,233.0 -47,102.1 -107.2 
Self Installation -73,185.5 -97,839.8 -222.7 
Commercial -67,751.9 -90,575.8 -206.2 
Irrigation Only 1,191.2 1,592.5 3.6 
Residential -41,857.8 -55,958.6 -127.4 
Alameda County WD -418.1 -558.9 -1.3 
Burbank -1,442.5 -1,928.5 -4.4 
Contra Costa WD -484.2 -647.3 -1.5 
Eastern -9,625.3 -12,867.9 -29.3 
EBMUD -23,299.0 -31,147.8 -70.9 
Foothill -1,899.5 -2,539.4 -5.8 
Glendale -579.2 -774.4 -1.8 
Goleta -846.6 -1,131.8 -2.6 
Inland Empire -11,463.3 -15,324.9 -34.9 
LADWP -12,100.1 -16176.3 -36.8 
Pasadena -6,010.6 -8,035.5 -18.3 
Santa Barbara -6,584.5 -8,802.6 -20.0 
Santa Monica 401.8 537.1 1.2 
Santa Clara Valley -23,627.7 -31,587.2 -71.9 
Sonoma County WA -2,386.1 -3,190.0 -7.3 
San Diego County WA -2,974.9 -3,977.1 -9.1 
Western -5,078.5 -6,789.3 -15.5 

 
 
 
 
 
 
 
 
 
 
 
 
 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management                  xix  

Table ES.3: Weather-normalized change in water use volume (kgal) 
Weather-Normalized Change in Outdoor Use 

Descriptive and Validatory Statistics 
Site Locations N Mean Std. 

Deviation 
95% 
Conf. 

Boundary 

Statistically 
Significant 
Reduction? 

% 
Change

All Sites 2294 -47.3 669.5 27.4 Yes -6.1%
Northern Sites 411 -122.2 1305.2 126.2 No -6.8%
Southern Sites 1883 -30.9 416.5 18.8 Yes -5.6%
Coastal ET Zone 655 -42.5 399.3 30.6 Yes -7.6%
Intermediate ET Zone 1444 -52.2 756.7 39.0 Yes -5.8%
 Inland ET Zone 195 -26.2 707.4 99.3 No -4.5%
Pro. Installation 920 -38.3 599.0 38.7 No -3.6%
Self Installation 1374 -53.2 712.8 37.7 Yes -9.0%
Commercial 296 -228.9 1783.8 203.2 Yes -5.6%
Irrigation 11 108.3 231.1 136.6 No 10.9%
Residential 1987 -21.1 197.0 8.7 Yes -7.3%
Alameda County WD 5 -83.6 81.2 71.2 Yes -18.5%
Burbank 76 -19.0 49.1 11.0 Yes -18.4%
Contra Costa WD 32 -15.1 268.3 93.0 No -2.1%
Eastern 87 -110.6 284.5 59.8 Yes -18.7%
EBMUD1 333 -70.0 499.0 53.6 Yes -5.8%
Foothill 245 -7.8 34.6 4.3 Yes -10.2%
Glendale 109 -5.3 12.9 2.4 Yes -18.0%
Goleta 26 -32.6 230.2 88.5 No -3.3%
Inland Empire 186 -61.6 93.7 13.5 Yes -41.6%
LADWP 477 -25.4 600.9 53.9 No -5.5%
Pasadena 17 -353.6 956.2 454.6 No -8.5%
Santa Barbara 73 -90.2 259.2 59.4 Yes -14.7%
Santa Monica 71 5.7 41.3 9.6 No 3.9%
Santa Clara Valley 34 -694.9 4254.5 1430.1 No -8.1%
Sonoma County WA 7 -340.9 753.9 558.5 No -10.9%
San Diego County WA 401 -7.4 117.7 11.5 No -4.4%
Western 115 -44.2 1007.4 184.1 No -1.0%

  
The overall impact of smart controllers installed in this study was to reduce irrigation 

demands, but the results suggest that those who historically apply less than the theoretical 
irrigation requirement for their landscape are likely to increase water use after installing a smart 
controller.  The Application Ratio is a measure of how closely irrigation applications at a site 
matched the theoretical irrigation requirement determined from proximal ET weather stations. 
The level of excess or under irrigation (pre-AR) prior to the installation of the smart controller 
was the most important factor in determining if a site increased or reduced water use with the 

                                                 
1 In 2007, EBMUD requested a voluntary 10% cutback in usage from customers in response to drought conditions.  
Some of the post-installation water use data from EBMUD came from this time frame.  It was not possible to 
determine if this effort impacted water savings in this study. 
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smart controller.  In this study, a total of 1,300 (56.7%) of the 2,294 study sites had a statistically 
significant reduction in weather-normalized irrigation application ratio while 959 (41.8%) sites 
had a statistically significant increase in application ratio.  For 35 (1.5%) of sites, there was not a 
statistically significant change in application.  These results are shown in Table ES.4  

  
Table ES.4: Number of smart controller sites and change in application ratio 
Statistically significant change in 
water use? # of Sites % 
Increase 959 41.8%
No change (+ or – 0.6%) 35 1.5%
Decrease 1300 56.7%

 
While the overall findings show reductions in outdoor water use through the installation 

of smart controllers, it should not be ignored that 41.8% of study sites experienced an increase in 
weather-normalized irrigation application ratio after the installation of a smart controller.  
Differences between sites that increased and decreased weather-normalized irrigation application 
ratio were examined and results are presented in Table ES.5.  
 

Sites that increased application after installation of a smart controller had a mean pre-AR 
of 131% and a median of 95%.  The median indicates that more than half of these customers 
were applying less than the theoretical irrigation requirement prior to the installation of the smart 
controller.  Since smart controllers are designed to adapt irrigation to match the theoretical 
requirement, it would be expected that installing a smart controller at a site with a history of 
applying less than the theoretical irrigation requirement will result in increased demand.   

 
Sites that decreased their application ratio after installation of a smart controller had a 

mean pre-AR of 182% and a median of 137%.  The median here indicates that more than 50% of 
these sites were irrigating in excess of the theoretical requirement prior to installation of the 
smart controller.  The water savings achieved through installation of smart controllers can be 
maximized by targeting the technology to irrigators with historically high irrigation application 
rates.2  As shown in Table ES.5, residential sites were more likely to increase irrigation 
applications after installing a smart controller than non-residential sites. 

 
Table ES.5: Comparison of sites that increased and decreased irrigation application ratio 
with statistical significance after installation of a smart controller. 

Category Sub-Category 
Increased 

Application 
Decreased 

Application 
Non-Residential Sites 32.9% 67.1% Customer 

Category Residential Sites 43.0% 57.0% 
Mean 22,084 28,505 Landscape Area 

(sf) Median 6,286 5,698 
Mean 131% 182% Pre-Application 

Ratio (%) Median 95% 137% 

                                                 
2 Irrigation application rates can be calculated using two pieces of data: (1) Landscape area at the site; and (2) 
Annual outdoor water use at the site. 
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Factors that Influenced Water Savings 
Multiple regression analysis was used to determine the factors that did and did not 

influence changes in application ratio.  This analysis methodology allowed the researchers to 
examine the relationship between key site characteristics (such as controller technology) and 
application ratio after adjusting for factors known to influence savings such as the application 
ratio prior to installation of the smart controller.   

 
The following factors were examined and determined to have a statistically significant 

impact on the change in application ratio: 
 
• Pre-smart controller Application Ratio – the application rate relative to the calculated 

theoretical irrigation requirement 
• Installation method (self vs. professional) 
• Participating agency (sometimes significant) 

 
Factors that Did Not Influence Water Savings 

The following factors were examined and determined not to have a statistically 
significant impact on the change in application ratio: 
 

• Site classification (residential vs. non-residential) 
• Region (northern vs. southern California) 
• Climate zone (coastal, intermediate, inland) 
• Smart irrigation control methodology (historical ET, on-site readings, remote 

readings, soil moisture sensor) 
• Landscape area 

 
Water Savings by Smart Controller Brand 

The data assembled in this project allowed for a comparison of the field performance 
achieved by each brand of controller installed at the study sites. Controller brands installed at 
fewer than 15 sites were not included in this analysis (the total number of sites in this category = 
7).  Controller brand names were made anonymous during the analysis process and were only 
exposed at the conclusion.  This analysis did not attempt to adjust for factors shown to influence 
water savings such as differences in installation method.  

 
Seven of eight controller brands included in the analysis saved water on average, 

however the overall variability of the data resulted in broad 95% confidence bounds.  When the 
95% confidence boundary spans zero (i.e. the upper bound is greater than zero), the water 
savings associated with brand is not statistically significant.  Of the eight manufacturers 
evaluated here, only two achieved statistically significant water reductions – Accurate 
WeatherSet and ET Water.  Accurate WeatherSet achieved an average weather-normalized per 
site savings of 50.5 kgal which represented a 33.2% reduction.  ET Water achieved an average 
weather-normalized per site savings of 185.4 kgal which represented a 6.2% reduction. 

 
For five of eight manufacturers, statistically significant reductions in weather-normalized 

water use were not found. This result means that the water savings measured for these three 
brands was not statistically different from zero (the confidence boundary crossed zero).  
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Consequently, no statistically “reliable” finding of water savings can be made for these three 
brands (Hunter, Weathermatic, Calsense, Rain Master, and Aqua Conserve).  As additional years 
of post-installation data become available and/or with an increased sample size it is possible that 
these technologies could achieve statistically significant water use reductions.  

 
The HydroPoint/Toro/Irritrol controller was the only technology that did not achieve 

water savings in this analysis, but this technology performed better over time as discussed in the 
multi-year analysis. 

 
Water savings is only one evaluation measure.  An important evaluation parameter to 

consider for smart controllers is the post-application ratio (post-AR).  A primary goal of smart 
irrigation technology is to reliably match the actual irrigation applications to the theoretical 
irrigation requirement, (to achieve a post-application ratio of 1.0).  Controllers that match actual 
applications to the theoretical requirement can be considered successful even if they do not 
reduce (or even increase) water use, because they are performing as designed. 

 
Persistence of Savings – Multi-Year Analysis 
 The primary results for smart controller sites presented in this study compare a single 
year of pre-installation data against a single year of post-installation data.  While these results are 
encouraging and show that smart controllers can reduce weather-normalized outdoor use on 
average, the longer-term performance of smart controllers in the field is of critical importance.  
Do water savings persist over time after the installation of a smart controller?  Do the water 
savings decay?  In the three years of post-installation data examined in this study for 384 study 
sites, water savings were not found in the first year, but savings were found in year 2 and year 3 
and actually increased over time.  More than 90% of the controllers in this analysis were 
HydroPoint/Irritrol/Toro so this analysis largely reflects the performance of this technology over 
time. 
 

Three years of post-installation data were available for more than 384 smart controller 
sites.  The results show that the controllers in this sample did better over time and in particular in 
the third year following installation.  During post-installation year 1, weather-corrected percent 
change in water use increased by 6%.  In year 2, the weather-corrected percent change water use 
showed a decrease 7.8% vs. the pre-install year.  In year 3 the weather-corrected percent change 
in water use showed a decrease of 16.4% vs. the pre-install year. 
 
Cost Effectiveness Analysis 

Installing smart controllers may or may not be cost-effective for a utility or their 
customers.  The determination of cost-effectiveness depends upon the water savings, the avoided 
cost for water, local retail water rates, the discount rate factor used, and the expected useful life 
of the product. 

 
The cost-effectiveness analysis was conducted from two perspectives: (1) the water 

utility; and (2) the end user or customer.  For the water utility perspective, cost-effectiveness 
analysis was used to determine the incentive levels that could be reasonably justified for a water 
utility based on the water savings measured in the study.  For the customer perspective, cost-
effectiveness analysis was used to determine the level of investment that would be reasonable for 
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a customer to make in a smart controller given the anticipated water and cost savings achievable 
through installation of the device. 

 
A water utility with an annual avoided cost for water of $150/acre-foot that implements a 

smart controller program aimed at the residential sector and small landscapes (~4,000 sf) would 
likely achieve cost-effective water savings for a per-site incentive of up to $26.  If the same 
agency implemented a program aimed at large landscapes (~25,000 sf), a $164 incentive would 
likely result in cost-effective water savings. 

 
Utilities with higher annual avoided costs for water may find smart irrigation control 

technology to be a cost effective method of reducing demand in new and existing customers.  At 
an annual avoided cost of $1000 per acre-foot a utility could provide nearly a $500 per site 
incentive for sites averaging 12,000 sf in size.  The economics of smart controller incentives will 
differ between water agencies.  But if average water savings as found in this study are achieved, 
then some utility programs that incent smart control technology will be cost effective. 

 
For a residential customer with a 4,000 square foot landscape who pays $3/hcf for 

irrigation water who achieves average water savings with a smart controller would be justified in 
spending up to $229 to purchase, install, and maintain a smart controller over the 10-year 
expected life of the product.  A customer with a 12,000 square foot landscape who pays $2/hcf 
for irrigation water would be justified in spending $458 on a smart controller.  These results 
indicated that customers who achieve average water reductions can realize cost-effective savings 
from installing a smart controller. 
 

Each water utility is unique.  Each utility normally has its own distinct avoided cost for 
water and system of water rates and charges, developed over many years through complex 
processes.  In water conservation planning, each utility may place a different value on conserved 
water.  This poses challenges for developing cost-effectiveness analysis for smart controllers that 
will be broadly applicable across the diverse range of utility agencies that participated in this 
study and the even larger group that may utilize the results.  It is most likely that utilities will use 
the water savings and percentage decrease estimates from this study and apply them to their own 
cost-effectiveness models.  However, the research team was able to develop an approach to cost-
effectiveness analysis that provides information for a broad range of agencies and systems of 
rates and charges.   

 
Water utilities and customers may wish to promote and install smart irrigation control 

technology for other reasons besides potential water and cost savings.  For water utilities, smart 
irrigation control offers a number of potential additional benefits including: 
 

• Reduced runoff from urban landscape 
• Adaptation of customer demands to calculated water budget allotments 
• Potential for peak demand reduction (through coordinated irrigation “brown outs” similar 

to energy utility peak shaving) 
• Improved health and condition of urban landscapes through more proper irrigation 

applications 
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For customers and end users, smart controllers offer some of the same potential benefits, 
but also a few others. 
 

• Convenience – many participants in this study reported appreciating the convenience 
associated with smart control technology. 

• Improved landscape appearance and health.  Applying the proper amount of water 
usually improves landscape quality. 

• Better feedback about other problems with the irrigation system.  Many smart controllers 
offer diagnostic tools not available on traditional controllers.  Applying the proper 
amount of water to a zone often reveals distribution uniformity problems or other system 
deficiencies that may have been masked by excess application in the past. 

 

Conclusions and Recommendations 

Process Analysis of Utility Smart Controller Program Design and Implementation 

• Program Design and Efficiency.   The California Prop. 13 Smart Controller Programs 
set out to test a variety of distribution methods and technologies to determine which 
approach makes the most sense moving forward.  In both northern and southern 
California a regional approach was attempted, but in many cases each agency chose to 
follow its own chosen course while cooperating as much as possible with neighboring 
agencies.  These programs benefited from the more efficient unified regional approach 
adopted for this study and this effort should be expanded.  Leveraging common program 
elements such as design, marketing, and evaluation, stretched funds for program 
implementation and evaluation funds and increased regional recognition and public 
awareness.  

• Marketing. Smart controller programs must be marketed if they are to attract interest. 
Smart controllers are a relatively new technology and very few people know what they 
are and what they do.  Customers and landscape professionals alike need to be educated 
about these products and why they are desirable. Marketing materials should explain how 
the technology works and what benefits it offers.  EBMUD found the readily available 
SWAT marketing materials to effective at explaining the technology and generating 
interest. Once educated, the public appears quite interested in smart control technology 
and is willing to give it a try.  Customers may need help choosing the smart controller 
product that best suits their needs.  The differences in operation and performance between 
a signal-based, sensor-based, and historic ET controller are not obvious to the typical 
customer. Targeted marketing approaches that identify customers with high irrigation 
demands and focus distribution efforts may be an effective method of placing smart 
controllers at sites that offer the greatest potential for water savings.  

• Getting Smart Controllers Into the Field.  Public information is critical to success of 
any utility sponsored smart controller program.  Information provided should be clear and 
concise.  A complicated message spanning multiple pages will not be successful.  
Information provided at the point of sale (e.g. the irrigation supply outlet or retail home 
and garden center) can be beneficial.  Availability of product is essential.  It cannot be 
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assumed that smart controllers are easily available.  Partnerships with the landscape 
industry are an excellent way to promote smart controller technology and can be 
beneficial to customers and landscape professionals alike.  Smart controller programs 
should include a strong education element that focus on proper installation and most 
importantly programming.  Manufacturers and distributors can help educate irrigation 
contractors and provide incentives for installation of smart controllers.  Manufacturers 
and distributors can also increase marketing efforts in areas where water agencies are 
offering financial incentives programs that encourage installation of smart controllers.  
Follow-up inspections can be helpful for assuring maximum benefit, but also increase 
utility program costs. 

• Market Transformation – The overall smart controller distribution program design and 
marketing materials and distribution methodologies developed have the potential to 
achieve longer lasting impacts on the market.  In both southern and northern California, 
the marketing efforts succeeded in raising public awareness about the technology, 
although much work remains to be done on this front.  Efforts that educate irrigation and 
landscape contractors can result in increased adoption of the technology, even after the 
program has ended.   

• Costs.  The type of distribution program a utility chooses to implement impacts program 
costs tremendously.  Direct installation programs are typically the most expensive to 
implement as professionals are contracted to perform installations and programming. 
Exchange programs are typically less expensive and place responsibility for installation 
and programming with the customer.  This study found that self-installation resulted in 
greater water savings compared with professional installation.   

The cost of rebate programs varies depending upon the design.  Rebates can be set to 
match expected utility cost savings/avoided costs.  Follow-up visits and inspections can 
be beneficial, but also add to the overall cost of a program.  Agencies with prior 
experience implementing rebate programs for toilets, clothes washers, and other 
efficiency measures may have an easier time getting a smart controller rebate program 
underway.  If water savings are the desired outcome, targeting program efforts at 
customers that historically irrigate in excess of the theoretical irrigation requirement is an 
essential key to success.  

• Irrigation Systems.  The controller is just one piece of a much larger irrigation system. 
Performance of the controller is limited by the capabilities of the irrigation system.  The 
most water efficient smart controller cannot operate optimally on an irrigation system 
with poor head spacing and inadequate distribution uniformity.  A systems approach is 
required to achieve maximum water savings.  Some agencies incorporated system repair 
and upgrades into their smart controller program out of recognition that maximal water 
savings may not be achieved from poorly designed, maintained or improperly 
programmed systems.  

• Residential and Commercial Differences.  When implementing a smart controller 
program it is important to recognize the distinct differences between irrigation sites and 
to plan accordingly.  Small sites such as residential and small commercial properties are 
distinct from large commercial and institutional sites. At a small site, the financial 
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decision maker and the person in charge of operating and maintaining the landscape and 
irrigation system are often one and the same.  At a large site they are almost always 
different people who seldom communicate with each other.  The smart controller 
technologies for small and large sites are also different as are the irrigation systems and 
management arrangements.  Smart controller programs targeted at commercial and 
institutional customers will typically require distinct marketing materials, resources, 
training, and other program elements.  Cost differences and varying potential water 
savings must be accounted for as well.  

• Program Evaluation.  Effective evaluation of a smart controller program requires 
fundamental data including: make and model of controller, date of installation, 
 installation method, sufficient water use data (pre- and post-installation), a measurement 
(or estimate) of the irrigated area, climate data corresponding to the same period as the 
water billing data, and other data as well.  Good program design includes a method for 
collecting these and other data such as shading  as part of the distribution and installation 
effort. 

• Signaling Fees.  Some controller technologies require the customer to pay an annual fee 
to receive a signal that adapts irrigation applications to prevailing local conditions. 
Nearly 48% of the mail survey respondents indicated that they would not continue to pay 
the signaling fee for their smart controller after the conclusion of the utility program.  The 
failure to pay the signaling fee would transform a signal-based smart controller into a 
conventional controller.  Although this result is only based on a total of 46 survey 
respondents, the high percentage of customers indicating they will not continue to pay the 
signaling fee after the program ends is of concern and this should be the subject of 
follow-up research during the on-going program monitoring effort.  

Impact Evaluation of Smart Controller Programs 
• Maximize Water Savings.  Smart controllers can save water.  Smart controllers are far 

more likely to effect savings when they are installed at sites that have historically applied 
excess irrigation applications.  Water providers seeking significant volumetric savings 
should target smart controllers at these customers in particular.  To do this a utility must 
have three critical pieces of data:  (1) Estimated outdoor water use at the site; (2) A 
measurement (or estimate) of the irrigated landscape area at the site; and (3) The specific 
(or average) evapotranspiration rate for the locale. 
 
In this study, 41.8% of the study sites increased their irrigation water use after 
installation of the smart controller. Irrigators who historically apply less than the 
theoretical irrigation requirement for their landscapes are poor candidates for smart 
controllers and should be pre-screened from utility distribution programs.  Most water 
utilities have the electronic tools required to calculate which customers are good 
candidates for smart controllers and which are not.  A geographical information system 
(GIS) linked to historic water billing data are the perfect system for calculating historic 
application rates.  Not all agencies have such tools readily available. 
 
To maximize water savings, the installation and programming of the smart controller is of 
critical importance. Landscapes are unique. Experience has shown that the initial or 
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default settings used to program a smart controller will likely need to be fine tuned over 
the first few weeks or even months of operation to ensure optimal performance.  This is 
not a technology that can simply be installed and forgotten, adjustments are often 
required during the initial set up to calibrate the controller default settings to the specific 
conditions of the site.  Once the controller is properly adjusted for the site few if any 
adjustments should be needed.  Manufacturers, irrigation contractors, water agencies, and 
consumers must be made aware of this need for fine tuning. Training and tools should be 
developed to improve the installation and adjustment process to help ensure that the 
smart controller performs optimally and does not end up unnecessarily increasing water 
use.  
 

• Factors that Influence Water Savings.  This study has identified only a few factors that 
have a statistically significant influence on water savings.  Specifically, the pre-
Application Rate at the site, the installation method (self vs. professional), and the 
participating agency (sometimes a significant factor).  Aside from the importance of 
targeting based on historic application rate (not just volume), these findings offer limited 
guidance for utility smart controller programs. 
 
o Installation and Programming.  Remarkably, self-installed smart controllers 

performed better than professionally installed controllers in this study.  It is unclear 
exactly why this is the case, but a reasonable hypothesis is that customers who 
installed their own controller were more familiar and comfortable with the technology 
and hence better able to fine tune the programming to maximize efficiency at their 
site.  Irrigation experts, landscape professionals, and knowledgeable water 
conservation staff agree that proper installation, programming, and fine tuning are 
critical to a successful smart controller installation.  In northern California utility 
personnel conducted an inspection of nearly all smart controller sites during which 
programming adjustments were made.  This approach appears to have improved 
savings for some northern California agencies, but it is unclear if the benefits of these 
efforts outweigh the additional program costs associated with conducting site 
inspections.  Post-installation inspections are a good idea, but the results from this 
study show that smart controller programs can achieve significant water savings 
without conducting site inspections. 

 
o Customer training programs at distribution and exchange events in southern 

California proved that a little training goes a long way.  Participants were required to 
bring their old controller to the exchange event or class and were taken through 
exercises with the new controller to help familiarize them with the technology and to 
demonstrate the differences from the old controller. The research finding higher water 
savings from self-installed controllers bears out the efficacy of this training concept.  
The verbatim customer survey responses indicate that not all self-installations were 
successful, and in some cases professional assistance was sought.  Because of the 
relatively low cost of implementing an exchange program, other agencies may opt for 
this distribution method as a reasonable way to promote smart irrigation control 
technology.  An approach that is able to target customers with a history of applying 
water in excess of ET and then distributing the smart controllers with the low cost and 
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ease of implementation of an exchange event could be an excellent hybrid program 
solution. 

 
o SWAT Testing.  Seven of the eight controller brands included in this study3 have 

published SWAT test results.  Only Accurate WeatherSet has chosen not to 
participate in the SWAT testing process, but still this technology achieved statistically 
significant water savings.  All of the published SWAT scores were above 95% for 
adequacy.  The results from this study indicate that the SWAT testing protocol may 
be a predictor of reasonable field performance, but is not a guarantee of water 
savings.  The SWAT testing protocol was not designed as a way to assess water 
savings, but rather is a method to try and ensure controllers apply the right amount of 
water based on current ET formulation.  

 
Testing is essential.  If water efficiency is the primary goal of the testing regime, then 
a conservation-oriented testing criteria perhaps derived from the current SWAT 
protocol should be considered.  Maintaining acceptable landscape appearance and 
health while minimizing the amount of water used should be the objective of water 
conservation-oriented smart controller bench testing.  Achieving this objective might 
require an entirely new testing protocol including modifications to the way ET is 
currently formulated as discussed below. 

 
• Cost-Effectiveness – Depends on Avoided Costs and Water Rates.  Installing smart 

controllers may or may not be cost-effective for a utility or their customers.  The 
determination of cost-effectiveness depends upon the water savings, the avoided cost for 
water, local retail water rates, the discount rate factor used, and the expected useful life of 
the product.  Programs targeted customers who historically irrigate in excess of the 
theoretical requirement are far more likely to be cost effective under any avoided cost and 
pricing scenario.  Utilities seeking cost-effective demand reductions should focus their 
efforts on identifying sites that stand the best chance of reducing demands through 
installation of a smart controller. 
 
Smart controllers will be cost-effective for many end users, but not all.  Utilities could 
easily provided simple cost-effectiveness calculations for customers to assist them in 
determining if a smart controller makes sense given their historic outdoor water demands.  
For some customers, factors besides water and cost savings such as convenience and a 
desire to enhance landscape health and appearance may convince them to install a smart 
controller. 
 

• Long-Term Performance Data Required.  More data on the long-term performance of 
smart controllers is required.  The limited multi-year analysis presented in this report 
which showed increasing savings over time indicates the potential for long-term water 
savings from smart controllers is promising, but it is certainly not the final word on this 
subject.  The DWR contract with the participating water agencies in northern and 
southern California specifies that post-installation water use must be tracked over a five 

                                                 
3 Eight smart controller technologies were installed at 15 or more sites in the study, the minimum required for 
inclusion in the analysis by manufacturer/technology. 
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year period.  The participating water agencies should take full advantage of this 
opportunity to continue to monitor the impacts of smart controllers over the coming years 
and to track the persistence and/or decay of water savings over that time.   
 

• Long-term landscape health and appearance should also be considered.  Water use 
data included in this study was from monthly or bi-monthly billing records.  
Consequently, this study was not able to examine of how the controllers distribute 
irrigation events through time (i.e. frequency and duration or irrigation run times over a 
given period of time).  With such coarse data it is possible that a controller might apply 
an amount of water close to the theoretical irrigation requirement over the course of a 
month or two, but within a given week the irrigation run times might not be distributed 
properly.  While the distribution of irrigation events through time could not be examined 
in this study, it is potentially significant in the way smart controllers can affect overall 
plant health over time and should be the subject of further investigation.  Some smart 
controller technologies only adjust run times and not water days which could result in 
frequent shallow waterings.  Data on the long term appearance and health of landscapes 
irrigated with smart controllers should be collected. 
 

• CIMIS Data for Urban Irrigation.  Accurate, consistent, and continuous climate, 
evapotranspiration, and precipitation data will be increasingly important for effective 
urban water management in the future.  The California Irrigation Management 
Information System (CIMIS) was originally created to provide critical data to agricultural 
water users in the state.  More recently the system has been adapted to provide 
evapotranspiration data for urban irrigation management.  The researchers relied heavily 
on CIMIS data to develop the analyses presented in this report and the experience of 
working closely with these data leads to a series of recommendation for improving the 
CIMIS system to better serve the needs of urban irrigators. 
 
o More CIMIS Stations Needed in Urban Areas.  California needs more CIMIS ET 

stations in urban areas.  Los Angeles and the surrounding metropolitan area in 
particular would benefit from additional CIMIS stations.  The research team for this 
study was forced to obtain supplementary climate data for much of the analysis 
conducted on sites in the Los Angeles area when problems were detected at the few 
CIMIS stations located in the LA basin. 

 
o Continuous Data are an Important Goal.  CIMIS stations are regularly removed 

from service for repairs and maintenance.  When this occurs, climate data during the 
outage is unavailable and those seeking climate that data must use alternative, often 
less ideal, CIMIS stations.  In this study, discontinuous data proved problematic and 
in many cases a particular CIMIS station could not be used because of discontinuity 
during the pre- or post-installation year.  Repairs and maintenance are essential to 
assuring the quality and accuracy of CIMIS data, but there might be ways to complete 
repairs while still recording data from that location.  One idea would be to 
temporarily replace station components with substitutes while others are removed for 
servicing. 
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o Formulate ET for Acceptable Landscape Appearance and Health Using the Least 
Amount of Water.  There is a bright future for the use of evapotranspiration data to 
help manage urban irrigation.  The essential goal of this effort will likely be 
maximizing water efficiency.  Currently, CIMIS evapotranspiration data must be 
modified with various crop and landscape coefficients to adapt it to urban water 
requirements.  There is general agreement on how this is done, but in the long run, 
something different is needed.   

 
The research team believes in thinking big, and our recommendation is that research 
be conducted to develop a new urban ET factor designed to maximize water 
efficiency while maintaining landscape health and appearance.  Several recent 
landscape studies, including this one, have found the current ET formulation with a 
Kc value of 0.8 or even 0.7 is simply too high for many urban landscapes which 
contain a mixture of turf, trees, and plants (Sovocool, et. al. 2006, White, et. al. 
2007). The revised urban ET factor should be developed by agronomists, 
horticulturalists, and landscape experts from around the country with the goal of 
developing an ET value designed for the efficient irrigation of urban landscapes.  A 
water conservation-oriented ET factor should be based not on maximizing the growth 
of plants, as many current ET formulations are, but instead should be developed with 
the goal of acceptable landscape appearance and health using the least amount of 
water.  The new factor must be formulated for different parts of the country, different 
soils, different plant materials appropriate to the setting, and different climates, but 
with the same goal of acceptable landscape appearance using as little water as 
possible.  Ideally the new water conservation ET factor could be developed in the 
university environment at different locations across the country.  Many universities 
already have facilities and programs that could be enlisted in this effort which will 
probably require federal funding to move forward.  If urban landscape water 
conservation is expected to help stretch and support water supplies, this fundamental 
tool to help manage water use should be developed.  

 
Once developed, the water conservation ET factor could be incorporated into smart 
controller scheduling engines4 and algorithms to improve water savings. 

  
 

                                                 
4 Scheduling engines are the internal software programs in smart controllers that develop and adjust irrigation run 
times. 
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INTRODUCTION 
 

Irrigation demand is the single largest end use of water in the urban sector in California. 
Irrigation demands typically account for 50% or more of the total water used in many California 
home and businesses (Mayer et. al. 1999, 2000) (DeOreo 2007).  Improving irrigation efficiency 
is perhaps the single most important goal for water conservation professionals in the coming 
years.  In support of this goal, the California Department of Water Resources (DWR) funded two 
large-scale regional efforts to affect urban irrigation efficiency and reduce runoff through the 
installation of smart controllers.  Smart controllers (commonly referred to as ET controllers, 
weather-based irrigation controllers, smart sprinkler controllers, and water smart irrigation 
controllers) are a new generation of irrigation controllers that utilize prevailing weather 
conditions, current and historic evapotranspiration, soil moisture levels, and other relevant 
factors to adapt water applications to meet the actual needs of plants.   

According to the Irrigation Association’s Smart Water Application Technology (SWAT) 
information, “Smart controllers estimate or measure depletion of available plant moisture to 
operate an irrigation system that replenishes water as needed while minimizing excess. A 
properly programmed smart controller makes irrigation adjustments throughout the season with 
minimal human intervention.” 

Automatic clock driven in-ground irrigation systems were developed with the goal of 
delivering water to urban landscapes effectively and efficiently.  In well designed, built, 
maintained, and operated systems this goal is often achieved. In less ideal situations, irrigation 
systems provide inefficient and excessive water delivery.  At the core of the irrigation system is 
the controller or “clock” where irrigation run days and times are set and where electronic signals 
that turn on and off irrigation valves are generated.  The controller is also the key interface 
between the irrigation system and person in charge of operating that system – the homeowner, 
property manager, or landscape maintenance worker.   

Many people desire the convenience and flexibility of an automatic in-ground irrigation 
system and large properties often cannot be effectively manually irrigated without a substantial 
amount of labor.  A properly designed, installed, maintained, and operated automatic irrigation 
system can provide appropriate applications of water across a landscape as well as convenience 
to the residents.  The controller is fundamental to the operation of the irrigation system and the 
amount of time each zone operates and consequently the amount of water applied to the 
landscape. 

As a relatively new technology, water utilities have had only limited experience with 
smart controllers.  The potential of smart controllers to reduce urban irrigation demands have 
only been measured through a limited number of studies.  The California smart controller 
programs represent the largest coordinated effort to implement this technology and as such 
provide an important opportunity to evaluate the performance of smart controllers in the field 
and to determine if this is a tool that should be broadly pursued as a conservation measure. 

New technology must be proven effective at reducing water demands in laboratory and 
field settings before it can be responsibly adopted into local, regional, statewide, and national 
water conservation programs.  Research studies over the past 8 years have measured statistically 
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significant water savings and runoff reduction achieved through the implementation of smart 
irrigation control technology (Bamezai 2004), (DeOreo, et. al. 2003), (IA, 2006, 2007, 2008), 
(Jakubowski 2008), (Kennedy/Jenks 2008), (Mayer, et. al. 2008), (MWDOC, IRWD 2004), 
(SCWA 2005), (US DOI 2007, 2008).  Over that time nearly 20 smart control product developers 
and manufacturers have emerged and weather-based irrigation control has become a strategic 
focus of the irrigation industry. 

The irrigation controller is important, but only one piece of the puzzle.  Even the best, 
most water efficient controller cannot make up for poor irrigation system design, installation, and 
maintenance.  The focus of this report in on irrigation controllers, but a holistic approach to 
irrigation systems and landscape design and maintenance is required to achieve the full potential 
of water savings in the urban irrigation sector. 

Purpose of Report 

This report presents results in the following areas of the California smart controller 
programs funded through DWR grants: 

• Process Evaluation of Program Implementation 

o Customer satisfaction with smart controller products and smart controller 
distribution programs. 

o Participating agency program implementation methods, results, successes and 
lessons learned. 

• WBIC Program Descriptive Statistics 

o What smart controller technologies were installed?  Where were they 
installed?  How were they installed?  What were the climate conditions during 
the pre- and post-installation periods?  What was the water use before and 
after installation of the smart controller?  

o Key data are presented by agency, region, and statewide. 

• Impact Evaluation 

o What water savings resulted from the installation of the smart control 
technology?  What factors influenced water use?  How did different smart 
controller technologies perform in the field? 

o Given the water savings achieved, what is the cost effectiveness of smart 
controller technology?  What amount of water utility rebate is justified to 
encourage adoption of this technology?  What level of customer investment in 
smart controller technology is reasonable given the measured water savings? 

 
This project is the largest field study to date of smart controller technologies, and 

presents empirical data on the performance of smart controller products distributed and installed 
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through different methodologies in a wide variety of settings.  This report is intended to fulfill a 
key requirement of the DWR grants and provide information and guidance for future smart 
controller and landscape water conservation programs.  

 
This report was prepared by Aquacraft, Inc., National Research Center, Inc. (NRC), and 

statistician Dr. Peter Bickel, the consulting team contracted to conduct the evaluation study of 
the Proposition 13 smart controller programs.  East Bay Municipal Utility District (EBMUD) and 
the Metropolitan Water District of Southern California, project leads for the northern and 
southern California study sites, contracted with the California Urban Water Conservation 
Council (CUWCC) to act as project manager for the statewide smart controller evaluation. 
CUWCC Associate Marsha Prillwitz and her predecessor Karl Kurka managed the project and 
coordinated activities between the northern and southern California study sites. 

Participating Agencies 

There were two large regional smart controller programs implemented in California.  The 
northern California smart controller program involved a consortium of five utility agencies lead 
by the East Bay Municipal Utility District.  Each participating agency was responsible for its 
own program development and implementation. Invoices for installed controllers were funneled 
through EBMUD.  The northern California agencies included: 

 East Bay Municipal Utility District  – lead agency 

•  Alameda County Water District 

•  Contra Costa Water District 

•  Santa Clara Valley Water District 

•  Sonoma County Water Agency  

The City of Davis was initially slated to participate in the study, but ultimately chose not 
to take part. 

The southern California smart controller program involved a consortium of agencies and 
sub-agencies, not all of whom had an active smart controller distribution program.  The 
Metropolitan Water District of Southern California was the coordinating agency for the project. 
 MWD is primarily a wholesale supplier of water and all member agencies were invited to 
participate in the smart controller program and receive DWR grant funds.  Initially, each agency 
was responsible for developing and implementing its own program.  Agencies were reimbursed 
from the DWR grant for installed smart controllers.  Not all agencies took up the offer to 
participate in this project. As the program evolved, MWD implemented a series of controller 
distribution events that cut across agency boundaries and superceded individual utility program 
efforts.  The list of southern California participants included: 

Metropolitan Water District of Southern California – lead agency 

• City of Burbank 
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• Calleguas Municipal Water District 

• Central Basin Municipal Water District 

• Eastern Municipal Water District 

• Foothill Municipal Water District 

• City of Glendale 

• Inland Empire Utilities Agency 

• Las Virgenes Municipal Water District 

• City of Long Beach 

• Los Angeles Department of Water and Power 

• City of Pasadena 

• San Diego County Water Authority 

• City of San Fernando 

• City of Santa Monica 

• Three Valleys Water District 

• West Basin Municipal Water District 

• Western Municipal Water District  

• City of Beverly Hills 

• City of Torrance 

• Upper San Gabriel Valley Municipal Water District 

Santa Barbara and Goleta 

Additional data were provided by the cities of Santa Barbara and Goleta which also 
implemented smart controller distribution programs at about the same time as the MWD efforts, 
although they were not part of the MWD program.  These additional data increased the sample 
size and breadth of the study and helped to improve the overall reliability of the results, without 
increasing research costs.  The addition of these data were done at the request of the original 
project manager Karl Kurka of the CUWCC in an effort to take maximum advantage of the 
evaluation effort and to increase the sample size as much as possible 
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Overview of Smart Controller Programs and DWR Grant funding 

The State of California, Department of Water Resources provided grant funding to the 
Metropolitan Water District of Southern California and the East Bay Municipal Utility District 
for the purpose of saving water through installation of weather-based irrigation controllers.  The 
Urban Water Conservation Capital Outlay Grants were provided under Proposition 13, the 
California Safe Drinking Water, Clean Water, Watershed Protection, and Flood Protection Act. 
 The MWD grant was agreement number 4600003098 executed on 2/27/04.  The EBMUD grant 
was agreement number 4600003099 executed on 4/27/04.   Table 1 below outlines some of the 
important goals and features of each grant. 

 

Table 1:  DWR Smart Controller Grant Information 

Grant Information MWD – S. 
California 

EBMUD – N. 
California 

Grant amount $1,778,700 $1,660,725 

Cost share amount $1,072,933 $441,957 

Smart controller installation goal* 5,514 controllers 2,605 controllers 

Estimated 10-year potential water savings over useful 
lifetime of device** 

27,500 AF 30,477 AF 

* The installation goal is a maximum (“up to”) target number to be achieved. 

** Estimated savings were included in the original grant proposal and reflect various individual agency assumptions and rough 
estimates based on the types of controllers to be installed and the water demand in each area.  Actual savings are anticipated to 
differ substantially. 

The contracted California smart controller project deliverables for northern and southern 
California include: 

• Installed smart controllers 

• Tracking of water consumption data 

• Quarterly progress reports 

• Annual program evaluation 

• Final report at the end of the 3-year program life (this report) 

• Annual water savings reported for five years (post implementation)  

• Dissemination of project results via conferences, web sites, CUWCC, green 
industry events, organizations such as the WaterSmart Innovations Conference, 
California Landscape Contractors Association, Irrigation Association, American 
Society of Irrigation Consultants, American Society of Landscape Architects, 
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Green Industry Council, Participating Agency Boards of Director’s , MWD 
member agencies, and press releases.  

Smart Controller Technologies 

Smart controllers are a relatively new and emerging technology that has only been 
available to consumers since 2001.  The concept of adjusting irrigation application to meet 
prevailing climate and weather conditions is as old as irrigated agriculture.  The technology to 
control irrigation application automatically has been included in large-scale commercial systems 
for some time, but is relatively new to the residential and small commercial sectors.  Over the 
past seven years the number of smart controller products on the market has increased 
dramatically with different manufacturers opting for different control technology solutions.   

Two fundamental irrigation control technologies have been implemented to manage 
water use.  One type of control relies on atmospheric weather data, while the other type of 
control measures the soil moisture level. Very few soil-moisture controllers were part of this 
study. The majority of controllers in this study relied on atmospheric weather data.  Among the 
weather-based controllers that rely on weather data there are two primary technologies – (1) 
onsite sensor based control; or (2) signal based control.   

Onsite Sensor Based Controllers 

A sensor-based controller uses real-time measurements of one or more locally measured 
factors to adjust irrigation timing.  The factors typically considered include: temperature, rainfall, 
humidity, and solar radiation.  A sensor-based system often has historic weather information (i.e. 
an ET curve) for the site location programmed into memory and then uses the sensor information 
to modify the expected irrigation requirement for the day.   

Signal Based Controllers 

A climate signal-based controller receives a regular signal of prevailing weather 
conditions via radio, telephone, cable, cellular, web, or pager technology.  The signal typically 
comes from a local weather station (or series of weather stations) and usually updates the current 
evapotranspiration rate to the controller.  A climate signal based controller may also have an on-
site sensor such as a rain sensor. 

Smart Water Application Technology (SWAT) Initiative 

Smart irrigation controllers are a relatively new technological innovation and have 
garnered national attention.  There is tremendous interest in the potential of these devices to 
improve irrigation water management and a broad coalition of partners have come together in an 
effort to ensure that the technology performs to expectations and is successfully introduced into 
the market. The "Smart Water Application Technology" project is an international 
utility/irrigation industry initiative to achieve exceptional landscape water use efficiency through 
the application of irrigation technology. SWAT identifies, researches, and promotes 
technological innovations and related management practices that advance the principles of 
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efficient water use. Led by the Irrigation Association (IA) in partnership with leading water 
purveyors, the SWAT process also includes industry professional associations and irrigation 
equipment suppliers.   

The SWAT initiative currently has two working groups: a technical team and a market 
transformation team.  The technical team has developed conservation testing protocol for 
climate- and sensor-based control systems. The Center for Irrigation Technology (CIT) has 
assisted the Irrigation Association in developing the protocol. CIT (located at California State 
University, Fresno) conducts irrigation equipment testing and evaluation for both public agencies 
and private businesses.  Through grants and donations, CIT has developed a state-of-the-art 
hydraulics laboratory for testing irrigation equipment.5 The testing protocol is available to any 
public or private institution through the Irrigation Association and additional SWAT test 
facilities at the University of Florida and elsewhere are being explored.  Manufacturers may 
submit their products for testing and may elect to publish the testing results, otherwise they are 
considered confidential.  To date seventeen smart controller products have released their test 
results for review.   

Some of the agencies in the California smart controller program have required a 
published performance report from the SWAT protocol be published on the SWAT web site, 
http://www.irrigation.org/gov/default.aspx?pg=swat_perf-reports.htm&id=214 for a technology 
to be included in their program.  Support such as this from water agencies has encouraged smart 
controller manufacturers to submit (and revise and re-submit) their products for testing and to 
publish the results.  Agencies with this requirement believe that independent testing provides a 
safe guard that ensures a smart technology will provide adequate irrigation to landscapes without 
excessive waste.   

EPA WaterSense 

 The US Environmental Protection Agency (EPA) has created a voluntary water 
efficiency marketing enhancement program known as WaterSense.  This program is essentially 
the water efficiency version of the Energy STAR program at EPA.  The WaterSense program has 
expressed an interest in efficient irrigation and in particular in smart irrigation controllers.  
Preliminary product research has been conducted and some public meetings held.  The EPA has 
filed its intent to apply the WaterSense label to smart controller products, but has not advanced 
any proposed testing protocol or methods as would be required.  It is anticipated that the results 
of this study could assist decision makers in moving forward with a WaterSense smart controller 
program.  

California AB 2717 Task Force and AB 1881 

In 2004, AB 2717 was passed, it requested the California Urban Water Conservation 
Council (CUWCC) to convene a stakeholder task force, composed of public and private 
agencies, to evaluate and recommend proposals by December 31, 2005, for improving the 

                                                 
5 The CIT lab is not a certified test facility and should EPA choose to test smart controllers for the WaterSense 
program, the tests will almost certainly be performed elsewhere. 
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efficiency of water use in new and existing urban irrigated landscapes in California. Based on 
this charge, the Task Force adopted a comprehensive set of 43 recommendations, essentially 
making changes to the AB 325 of 1990 and updating the Model Local Water Efficient Landscape 
Ordinance. The recommendation of the bill charges DWR to update the Model Efficient 
Landscape Ordinance and to upgrade CIMIS. 

The Water Conservation in Landscaping Act of 2006 (AB 1881) enacted many, but not 
all of the recommendations reported to the Governor and Legislature in December 2005 by the 
CUWCC Landscape Task Force.  AB 1881 required the California Energy Commission, in 
consultation with DWR, to adopt, by regulation, performance standards and labeling 
requirements for landscape irrigation equipment, including irrigation controllers, moisture 
sensors, emission devices, and valves to reduce the wasteful, uneconomic, inefficient, or 
unnecessary consumption of energy or water. 

As part of this effort the California Energy Commission has held a series of workshops to 
examine potential performance standards for smart controllers.  It is anticipated that the results of 
this study will be utilized in this process to better understand the impact of smart controllers and 
to help determine what performance standards are most sensible. 
 

Smart Controller Technologies 

Brief descriptions of the smart controller technologies installed in the California 
Weather-Based Irrigation Controller programs are presented below.  More details can be found 
in Appendix A. 
 

Weathermatic controllers use onsite weather monitoring to adjust watering. Parameters 
used to calculate ET are rain fall, temperature (both collected from the onsite station) and solar 
radiation (determined as a function of latitude) (DOI 2007). These controllers comprise 
approximately 37% of controller sites evaluated in this study.   
 

HydroPoint Data Systems’ WeatherTRAK controllers use ET data from public and 
private stations as the bases for weather-responsive irrigation. HydroPoint controllers do not use 
a base schedule for irrigation. Rather, user entered site data are combined with ET data to create 
dynamic irrigation schedules. HydroPoint’s weather service is ET Everywhere (DOI 2007). 
HydroPoint WeatherTRAK controllers account for about 23% of the controllers in this study. 
Toro and Irritrol controllers utilize identical technology. 
 

Accurate WeatherSet’s weather-based irrigation controller is the Smart Timer. These 
controllers account for about 15% of the controller sites in this study. The Smart Timer uses 
onsite weather sensors to determine ET values. These sensors include Accurate WeatherSet’s 
solar radiation sensor and a rain sensor.  Once ET values are determined, the controller adjusts 
base schedule run times on a zone-by-zone basis. Accurate WeatherSet’s residential controllers 
entered the market in 2001. Accurate WeatherSet offers the most economical controller in the 
study (DOI 2007). 
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Aqua Conserve uses historical ET data to modify user-entered irrigation schedules. 
Historical ET curves are based on data from various public weather station networks. These data 
correspond to 17 geographical regions. The historical ET data are adjusted by onsite temperature 
readings. Models range from six zones to 66 zones. This makes Aqua Conserve one of the largest 
capacity controllers in this study. Twelve percent of the controller sites in this study were Aqua 
Conserve controllers. 
 

Toro / Irritrol controllers use ET data from public and private stations as the bases for 
weather-responsive irrigation. These controllers do not use a base schedule for irrigation. Rather, 
user entered site data are combined with ET data to create dynamic irrigation schedules. Toro / 
Irritrol controllers use HydroPoint’s ET Everywhere service to manage ET data. Toro partners 
with HydroPoint Data Services. Also, Toro owns Irritrol and manufactures Irritrol Smart Dial 
weather-based irrigation controllers. Toro also owns Rain Master. However, Rain Master’s 
controllers are manufactured separately and have different functionality (Starr 2008). 
 

ETwater Systems uses ET and precipitation data from more than 10,000 public and 
private weather stations. A major feature of ETwater’s irrigation control is a Web-based interface 
that controls and monitors irrigation. The web interface collects site information, determines start 
times based on ET data from weather station networks, provides users with detailed watering 
history and tracks controller information. Obviously, these features require the user to have a 
computer with an Internet connection. ETwater Systems controller sites account for about 4% of 
the sites in this study. 
 

Hunter manufactures a weather-based control system that works with existing Hunter 
irrigation controllers. The weather-based irrigation product, the ET System, consists of an onsite 
weather station and an ET module that is added on to a previously installed Hunter irrigation 
controller.  The weather station includes a solar radiation sensor, temperature sensor and a 
relative humidity sensor. An optional wind sensor can be added for increased accuracy (DOI 
2007). Hunter controllers account for about 2% of controller sites in this study. 
 

Rain Master controllers offer a wide variety of methods for weather-based irrigation. 
Daily ET can come from public weather stations via Internet connection. Rain Master’s Weather 
Center II weather station is another option for obtaining onsite ET data. ET data can be directly 
inputted into the controller (DOI 2007). It should be noted that Toro owns Rain Master. 
However, the two companies use different methods for weather-based irrigation control (Starr 
2008). Rain Master controllers account for 0.9% of controller sites in this study. 
 

Calsense controllers can receive ET data from a variety of sources. Onsite measurements 
of ET or weather conditions can be used. CIMIS data may also be used.  Soil moisture sensors 
also provide additional control of the irrigation system. As a company, Calsense’s primary 
market is larger institutions such as universities or transportation departments. They do not make 
a product tailored for the typical residential customer. Calsense accounts for 0.7% of controller 
sites in this study. 

 
Table 2 shows the list of the smart controller manufacturers and products that have been 

included in at least one of the California smart controller projects.  Table 2 also indicates if the 
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controller is signal or sensor based and if the manufacturer has released SWAT testing results.  
Detailed descriptions of each smart controller technology are provided in Appendix A. 
 
Table 2: Smart controller technologies included in California projects 

Manufacturer Weather data source Station or zone 
capacity 

SWAT test 
performance report 

available 

Accurate WeatherSet On-site solar and rain sensors 8-48 No 

Aqua Conserve Historic ET curves with onsite 
temperature sensor 6-66 Yes 

Calsense Onsite ET sensor.  
Soil moisture sensor 8-48 Yes 

ETwater Systems 
Public and ETWS weather 
station data managed by 

centralized computer 
1-48 Yes 

Hunter Industries On-site weather station with 
full set of sensors 1-48 Yes 

HydroPoint Weather 
TRAK 

Public and Private Weather 
stations managed by central 

computer and wireless delivery
6-48 Yes 

Irritrol Systems 
Public weather stations data 

managed by centralized 
computer server 

6-24 Yes 

Rain Master 
Automatic, historic or 

manually entered ET or 
optional on-site weather station

6-36 Yes 

Toro Company 
Public weather station data 

managed by central computer 
server 

6-24 Yes 

Weathermatic 
On-site temperature and rain 
sensors and solar radiation 
estimated based on location 

8 to 48 Yes 

Various: Acclima, 
HydroEarth, Lawn 

Logic, Nelson* 
Various Various Acclima – Yes 

Others - No 

*Only a small number of these products were installed as part of the study 
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RESEARCH METHODS 
 
 The project evaluation research team of Aquacraft, Inc., National Research Center, Inc., 
and Dr. Peter Bickel was selected early on in the project process, even before many of the smart 
controller programs had been implemented.  This early selection allowed the evaluation team to 
observe the implementation process and to make recommendations for data collection activities 
required for conducting the impact evaluation at the conclusion of the project.  Research team 
members, participating utilities, and the CUWCC project manager held regular teleconferences 
and worked closely to develop interim work products such as the preliminary process evaluation 
report for DWR submitted in 2007, a statistical sampling and analysis memo, and database 
specifications and data requirements for both northern and southern California programs. 
 
 The evaluation team was asked to complete two fundamental research tasks for this 
project:  (1) a process evaluation of the program implementation conducted by the participating 
agencies; and (2) an impact evaluation of the water savings achieved through the installation of 
smart controllers in a variety of California settings.  The evaluation team developed methodology 
to accomplish both of these critical, but distinct tasks and implemented a variety of surveys and 
data collection efforts over the more than three-year study period.  

Process Evaluation Methodology 

 The key goals of the process evaluation were to: 
 

1. Compare program implementation results to projected results based on original program 
design 

2. Evaluate effectiveness of the following: 
a. Targeting methodology 
b. Method of intervention (direct vs. self install) 
c. Disbursement method (voucher, rebate, exchange, direct install) 

3. Identify key elements of successful smart controller distribution programs for the benefit 
of future implementations 

4. Survey participating customers to determines their satisfaction level with the technology 
and the utility distribution program 

 
The process evaluation involved interviews and surveys of all participating agencies in 

the DWR smart controller grant program, discussions with utility implementation teams in 
northern and southern California, and a detailed customer satisfaction survey sent to every 
person who received a smart controller as part of the DWR grant program. 

 
The willingness of the participating agencies to critique, evaluate, and evolve their smart 

controller programs was essential to the success of the process evaluation.  Participants were 
completely forthright about their experiences – both good and bad - with the smart controller 
distribution programs.  The differing emphases, goals, and philosophies of the various programs 
were evident from the outset, but all participants had a sense of the strengths and weaknesses of 
the approach chosen for their implementation. 
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Participating customers were similarly willing to share their experiences with the smart 
controllers.  Survey response rates were good and in spite of a lengthy survey instrument, most 
of the returned surveys included complete answers. 

Agency Survey Methodology 
A survey of agencies was conducted about two years after the grant had been awarded for 

the purpose of obtaining information about program implementation and the overall utility 
experience with controller distribution methods.  The results of this survey were the basis of the 
process evaluation presented later in this report.  

 
The survey consisted of two parts: 1) a series of mostly open-ended questions designed to 

elicit information about the programs being designed or implemented by each agency, and 2) a 
worksheet in which the agency was to report mostly numeric information about the installation 
process and agency investment.  A copy of the agency survey instrument is provided in 
Appendix E and completed responses are presented in Appendix F. 

 
The agency survey and worksheet were developed through an iterative process by 

National Research Center with review by the project team. The survey questions with worksheet 
were sent to each agency in advance. Interviews with agency representatives were conducted by 
an NRC staff member. The worksheets were sometimes completed on the phone with the 
interviewer, other times returned via fax or e-mail. All the information was recorded in a 
database for analysis. Table 3 presents information on the completion schedule of agency 
interviews. 

 
In some cases, additional information was needed, and follow-up contacts were made 

with a number of the agencies to clarify the information garnered. The results were reported in 
the Interim Process Evaluation Report On Prop. 13 Smart Controller Programs. 

Participating Customer Survey Methodology 
National Research Center (NRC) was responsible for implementation of the customer 

survey. A generic version of the questionnaire was crafted for participants in the various smart 
controller programs of the utilities.  

The purpose of the survey was to learn about customers’ perspectives about and 
experiences with the smart irrigation control technology and utility program. NRC developed the 
questionnaire through an iterative process with review by the project team. An accompanying 
cover letter was also drafted. The questionnaire was created for either residential or commercial 
(non-residential) customers. 

NRC then contacted each participating utility to customize the materials for each utility 
using their logos, letterhead, signatories, etc. Each survey was printed with the utility logo and/or 
some introduction by an official in order to improve response rates. For a few utilities, the option 
was chosen for the questionnaire to be sent using NRC letterhead. NRC printed and mailed the 
surveys using participant lists provided by the utilities or a coordinating agency. 
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Table 3: Agency survey interview dates 
Agency Interview Date 

Southern California 
Las Virgenes Municipal Water District 1/12/2006 
San Diego County Water Authority 1/13/2006 
Pasadena Water and Power (PWP) 1/17/2006 
Rancho California Water District 1/18/2006 
Eastern Municipal Water District 1/19/2006 
Western Municipal Water District 2/22/2006 
Foothill Municipal Water District 4/04/2006 
Long Beach Water Department 5/19/2006 
Central Basin Municipal Water District 5/31/2006 
West Basin Municipal Water District 5/31/2006 
Los Angeles Department of Water & Power 5/31/2006 
Santa Monica 5/31/2006 
Santa Barbara 7/25/2006 
Burbank Water and Power 8/21/2006 
Inland Empire Utilities Agency 9/12/2006 
Three Valleys 9/12/2006 
Central Basin 9/20/2006 

Northern California 
Contra Costa Water District 1/23/2006 
Alameda County Water District 4/10/2006 
Sonoma County Water Agency 4/26/2006 
East Bay Municipal Utility District 2/22/2006 
Santa Clara Valley Water District * 
Davis Water * 
* Information gathered through means other than interview 
 

The survey packet contained a questionnaire, cover letter and postage-paid reply 
envelope (addressed to National Research Center, Inc.). Each customer eligible for the survey 
was contacted two times. About a week after the first mailing, a second packet was sent, with a 
different cover letter explaining if the recipient had already responded, they did not need to do so 
again, but if they had not, their participation would be greatly appreciated. 

For some agencies, two sets of mailings were conducted: the first was conducted with 
southern California exchange event customers (a control distribution program method detailed 
later in this report), the second with non-exchange event customers. Table 4 delineates the 
number of surveys sent in each mailing, with the corresponding response rate. Overall, a total of 
3,445 surveys were mailed; completed questionnaires were received from 1,401 customers for an 
overall response rate of 41%. 
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Table 4: Customer survey mail dates and response rates 
Agency Number of 

Surveys 
Sent 

Approximate 
Mail Date 
(1st Wave) 

Number of  
Surveys Data 

Entered 

Response 
Rate 

Southern California 
Beverly Hills 11 5/12/2008 11 100% 
Burbank 92 3/2007 43 47% 
Calleguas 17 4/14/2008 6 35% 
Central Basin 20 7/2007 7 35% 
Central Basin 2nd Batch 147 3/24/2008 10 7% 
Eastern 16 5/26/2008 3 19% 
Foothill 346 2/2007 111 32% 
Foothill 2nd Batch 22 2/18/2008 4 18% 
Glendale 165 4/2007 76 46% 
Goleta 25  7 28% 
Inland Empire 283 4/2007 125 44% 
Inland Empire 2nd 
Batch 

87 3/24/2008 33 38% 

Las Virgenes 11 5/12/2008 3 27% 
Long Beach 324 4/21/2008 105 32% 
Los Angeles 120 4/2007 58 48% 
Los Angeles 2nd Batch 137 5/19/2008 40 29% 
Pasadena 81 5/12/2008 22 27% 
San Diego 680 3/2007 308 45% 
San Diego 2nd Batch 19 3/31/2008 20 105% 
San Fernando 7 3/24/2008 0 0% 
Santa Barbara 81  43 53% 
Three Valleys 132 2/2007 64 48% 
Three Valleys 2nd Batch 24 3/24/2008 10 42% 
West Basin 44 3/24/2008 11 25% 
Western 217 5/19/2008 45 21% 
Southern Cal. Total 3108 NA  1165 37% 

Northern California 
Alameda 23 3/31/2008 16 70% 
Contra Costa 69 5/12/2008 32 46% 
East Bay Municipal 
Utility District 

222 5/26/2008 130 59% 

Santa Clara Valley 59 3/31/2008 25 42% 
Sonoma County 80 5/12/2008 33 41% 
Northern Cal. Total 453 NA  236 52% 
TOTAL 3455 NA 1401 41% 
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Customer Survey Analysis Methodology 
Once the surveys were received at NRC, staff opened and examined each survey for 

preparation for data entry. Survey responses were entered into an electronic dataset. This dataset 
was subject to a data entry protocol of “key and verify,” in which survey data were entered twice 
into an electronic dataset and then compared. Discrepancies were evaluated against the original 
survey form and corrected. Range checks (examination of the data for invalid values) as well as 
other forms of quality control were also performed. 

NRC staff analyzed the data set using the Statistical Package for the Social Sciences 
(SPSS) software. For the most part, frequency distributions and average ratings are presented. 
Where results were analyzed by respondent or WBIC technology characteristics, chi-square or 
ANOVA tests of significance were applied. A p-value of 0.05 or less indicates that there is less 
than a 5% probability that differences observed between groups are due to chance; or in other 
words, a greater than 95% probability that the differences observed in the selected categories of 
the respondents represent real differences among those groups. Where differences between 
subgroups are statistically significant, they have been marked. 

  Survey data were linked to water billing data (and other associated site information 
provided by the participating water agencies).  Many surveys were sent to customers for whom 
water use data were not provided, but ultimately survey data were available from 625 smart 
controller sites that were also included in the impact analysis.  A total of 2,294 sites were 
included in the impact analysis, so survey data were available for 28.5% of these properties.  The 
combination of survey data, complete water use data, and climate data enabled several important 
analyses to be completed.  These analyses investigated the impacts of changes to irrigation 
systems and landscape design on overall water savings. 

Impact Evaluation Methodology 

The fundamental goals of the impact evaluation were to (1) determine the water savings 
(if any) associated with the installation of smart controllers and (2) determine the factors that 
influence water savings.  Nested within these two goals were numerous data analyses and 
research questions tasked to the evaluation team.  Statistical analysis was conducted on three 
fundamental levels: local (by agency), regional (by climate zone), statewide (northern & 
southern programs, and combined).  Results were also broken down by manufacturer, product, 
installation method, and customer class.   
 

Statistical Sampling Methodology 
One of the first tasks assigned to the Aquacraft evaluation team after the contract was 

awarded in 2005 was to develop a statistical sampling plan to determine how many smart 
controller sites from each participating agency should be included in the study.  The evaluation 
team carefully considered a variety of options, but ultimately concluded that a saturation sample 
was the best option to ensure statistical reliability and power for the study as a whole.  A 
saturation sample in this context means that every site that received a smart controller should be 
included in the impact evaluation if possible and if sufficient data were available.  The full 
statistical sampling memo developed for this study is presented in Appendix D. 
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A saturation sample was selected for a number of reasons, but most importantly because 

it was desired to have as many data points for analysis as possible given the broad array of 
analyses to be conducted with the data set.  A smaller sample size might have eased some data 
acquisition difficulties, but might not have provided sufficient sample size to evaluate a wide 
variety of smart controllers under varying climate conditions, installation methods, and 
distribution programs. 
 

The fundamental unit of analysis for this smart controller evaluation study was the site.  
A site is a property where one or more smart controllers were installed.  A single-family 
residential property with a single smart controller is a site as is a multi-family housing complex 
with 20 smart controllers installed.   
 

A review of preliminary water use data provided by the Los Angeles Department of 
Water and Power (LADWP) in 2005 from 507 single-family smart controller installations 
suggested that a sample size as small as 80 sites might be sufficient to achieve the 95 percent 
confidence level desired.  However, it was also clear that other sites in the smart controller 
programs were likely to have far more variable water use patterns.  There was no way to 
guarantee that the rest of the data would have similar characteristics as those sites in Los Angeles 
and in fact it appeared that diversity was likely to be a characteristic trademark of the sites 
included in the smart controller programs.   
 

The anticipated site diversity and large number of analytic factors (including analysis by 
agency, controller make and model, installation method, climate zone, etc.) convinced the 
evaluation team that obtaining as large a sample as possible was the best option.  Smaller 
numbers of sites could have yielded statistically significant results, but a reduced sample size for 
this project would have been penny-wise and pound-foolish.  Consequently a large sample size 
was sought.  Ultimately, a total of 2,294 smart controller sites were included in the impact 
analysis. 
 

Several fundamental pieces of data were required to include a smart site in the impact 
analysis: 
 

1. Historic water billing data (at least 1 year of pre-installation baseline consumption and 1 
year of post-installation consumption) 

2. Historic climate (evapotranspiration) data from a nearby CIMIS weather station 
corresponding to the same time period for which billing data were provided. 

3. A measurement of the square footage irrigated at the site (irrigated area) 
4. Basic information about the site, smart controller and installation (address, zip code, 

make, model, utility distribution method) 
 

All sites for which these fundamental data were available were included in the impact 
analysis. 
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Data Acquisition 
Each region was responsible for assembling the fundamental data for each customer who 

received a smart controller and then providing this information to the evaluation team.  The final 
deadline for submitting data for the impact analysis was in June 2008.  The northern and 
southern California regional programs took two different approaches to collecting and providing 
these data. 
 
Northern California Regional Database 

The five participating northern California agencies decided to create a web-enabled 
central database for the purpose of storing data on the smart controller programs and to assist in 
producing required reports to DWR and the final project evaluation.  An RFP was developed for 
the database project and Media Net Link, a local web design firm, was selected to develop the 
on-line database.  The evaluation team provided technical support for the initial database design 
and the identification of data fields to be included. 

 
The web-enabled database developed by MNL provided a method for uploading data and 

then offered limited access to those data via a series of queries.  A bulk data download feature 
was developed to enable the evaluation team and participating utilities to extract data from the 
on-line database. 

 
Each agency had the ability to upload all relevant data for the study including site and 

controller information and billing data.  The evaluation team was able to download these data in 
an electronic format and import the data into Access and SPSS for analysis.  Four of the northern 
California agencies successfully completed the upload to the regional database by the required 
deadline.   EBMUD chose to provide their data directly in Excel format as they attempted to 
include as much late arriving post-retrofit data as possible. 

 
Because of the difficulty involved in uploading data to the regional database and the 

limited value of the query tools provided it is uncertain the northern California agencies will 
continue to use this database in the future or will collect data for ongoing monitoring in a 
different way. 
 
Southern California Data Assembly 
 MWD staff took the lead in assembling the required data from the southern California 
sites.  This data assembly process was non-trivial: the southern California program involved 
nearly all of MWD’s 26 member agencies and over 4,000 smart controllers.  Requests were 
submitted to each participating agency and repeated follow-up was required before data were 
provided.  Ultimately, data from 10 participating southern California utilities were able to 
provide the required data to MWD.  This included a large portion of the smart controllers 
installed in southern California under the DWR grant.  In addition, data on approximately 100 
smart controller installations in Santa Barbara and Goleta were obtained and included in the 
analysis, although these sites were not formally part of the DWR study. 
 
 Once the member utilities provided their data to MWD, Alice Webb-Cole and her staff 
had the task of organizing the data and formatting in into multiple Excel spreadsheets.  MWD 
provided data sets to the evaluation team as they were completed.  Occasionally the evaluation 
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team found errors or had questions about the data.  The MWD staff was always responsive and 
all identified issues were taken care of quickly. 

Data Cleaning and Database Preparation 
 Once the required customer and controller information and historic billing data were 
provided to the evaluation team, next on the list was the challenging task of assembling the 
varying utility data sets into a single, coherent database that could be used to conduct the impact 
analysis.  
 
 The database preparation process involved aligning and linking data provided by nearly 
20 water providers, climate data from nearly 70 weather stations, and customer information data.  
The goal was to develop a data set that could be imported into SPSS so that statistical analysis 
could be completed.  Part of the cleaning process involved determining for which sites the 
fundamental pieces of data (described above) were available and for which sites data were 
missing.  Occasionally agencies were asked to provide additional data or to clarify issues 
identified within the data sets provided.   
 

The fundamental analysis in this study was conducted at the site level.  A site was any 
property where one or more than one smart controller was installed.  In many cases, a site was a 
single-family residential property with a single water meter and a single smart controller.  In a 
few cases, a site was a large campus comprised of numerous buildings with numerous water 
meters and extensive grounds where more than 50 smart controllers were installed.  Part of the 
data cleaning process was to aggregate data for large sites and to ensure that all necessary data 
for each site was obtained. 
 

The database cleaning process was one of the most painstaking and complex efforts in 
this study.  With the multiple objectives of ensuring data quality, completeness, and accuracy as 
well as maximizing the number of smart controller sites that could be included in the study, the 
research team made a significant effort in task.  Ultimately, 2,294 smart controller sites were 
available for inclusion in the impact analysis.  Given the number of agencies and data sources 
involved with this project, obtaining a sample of this size and breadth is in itself a remarkable 
achievement. 

 
Seasonal and Non-Seasonal Use from Billing Data 

Indoor (non-seasonal) and outdoor (seasonal) use were disaggregated (unless a dedicated 
irrigation meter was indicated) using a minimum month or average winter consumption 
technique to estimate annual indoor use.  Use of minimum month water consumption as a 
measure of indoor use works reasonably well in areas with negligible winter irrigation, but is less 
accurate in areas where irrigation is a year round activity.  In some select cases it was preferable 
to use a fixed estimate of indoor use developed from Aquacraft water use studies in California 
(DeOreo, et. al. 2008), (Mayer et. al. 1999).   
  

The participating water agencies in northern and southern California provided historic 
water use data from billing recorders for as many of the smart controller sites as possible.  In 
order for a site to be included in the impact analysis, a minimum of 12 months of water 
consumption data from the time period prior to installation of the smart controller (pre-smart 
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controller data) and one full year of water consumption data from the time period after 
installation of the smart controller (post-smart controller data) were required.  In some cases, 
multiple years of pre- and post-installation data were provided thus permitting more expanded 
analysis discussed later in this report.   

 
The pre- and post-installation billing data time periods for each site were often different.  

For example, a site where the smart controller was installed in June 2005 likely had pre-
installation data from the 2004 calendar year and post installation data from July 2005 forward.  
At a different site where the smart controller was installed in September 2006 likely had pre-
installation data from 2005 and 2006 and post-installation data from 2007.  The key point is that 
only full years of data were included in the analysis and at least one full year of pre- and post-
installation was required to include a smart controller site in the impact analysis.  Differences in 
weather and climate conditions experienced in the different California regions during the 
different timer periods which billing data were provided were carefully accounted for using 
CIMIS weather data as described in this section of the report. 

 
 Some large smart controller sites were served by multiple water meters and in these cases 
the data from all meters serving the site were aggregated.  Some sites were served by a dedicated 
irrigation meter which allowed for irrigation demand to be easily isolated.  However, most of the 
sites in the study were served by a mixed use water meter typical for single-family residences.  In 
these cases outdoor use was disaggregated using the minimum month estimation technique 
described above.  All water use data were converted into units of thousands of gallons (kgal) for 
the purposes of analysis and reporting. 
 

In the ideal situation, pre-installation water use and post-installation water use would 
correspond to 365 days of billing data before and after controller installation. However, meter 
readings were seldom (if ever) synchronous with the installation data of the smart controller.  In 
this study, billing data and climate (CIMIS ET) data were aggregated into calendar months. The 
calendar month in which the smart controller installation occurred was excluded from the pre- 
and the post-installation periods.   It was assumed that customers installed controllers promptly 
as in many cases they were required to trade in their old controller to receive the new one.  Each 
smart controller site included in the impact analysis required at least 25 months of billing and 
climate data to be included in the study. 
 

Given the wide variety of incoming billing data formats, it’s important to note some general 
characteristics that were held across all available billing data: 

 
• Volume units for incoming billing data were typically 100 cubic feet (hcf) or 1000 

gallons (kgal), and less often gallons per day or acre-feet. All billing data units were 
converted into kgal prior to inclusion in the study database6. 

• Non-positive monthly or bi-monthly volumes (sometimes explainable as dollar-converted 
billing credits) are common in large utility billing data sets, and negative consumption 
numbers were occasionally found the data provided for this study.  In all cases negative 
consumption values were discarded. 

                                                 
6 Gallons per day is sometimes a preferred unit for analysis. However, in this case, not all billing data could be 
reliably converted to gallons per day since meter read dates were not consistently provided. 
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• For each account (unless a dedicated irrigation meter was indicated), the seasonal and 
non-seasonal consumption components were disaggregated from the annual total, based 
on annual billing data baseline7.  

• The calendar month in which the smart controller installation occurred was excluded 
from the pre- and the post-installation periods.  

• Pre-installation: Billing date was between 0 and 392 days before the first day of the smart 
controller installation month. The criterion of 392 was the largest number of days less 
than 13 months; this arithmetic resulted in better inclusion of varied read dates8.  

• Post-installation billing data: Billing date was between 1 and 392 days after the last day 
of the smart controller installation month.  

• The timeframe for climate data corresponded to the identical timeframe for billing data to 
the maximum extent possible since climate data were paired with a month and year. 392 
days always corresponded to exactly 12 data points; the equivalent arithmetic to a 365 or 
366-day interval.  

• Every effort was made to match all available billing data to a logical span of climate 
values. In some cases, the nearest CIMIS station did not cover the same time span of 
billing data. In these cases, if utilities provided more than 25 months of billing data, the 
researchers took advantage of alternate calendar years of pre-installation billing and 
climate data.  The smart controller installation date itself was always excluded from the 
pre- or post- data period. 

• The majority of smart controller installations occurred at single-family residential utility 
accounts. In rare cases, multiple controllers, installation dates and areas were associated 
with a combination of more than one utility account on a single site. Since the analysis 
methodology in this study weighed this type of site equally with single-controller 
installations, the latest smart controller installation date assigned the beginning of post-
installation data time frame.  

 
Once the appropriate pre- and post-installation year of data were established, the 

application rate (inches) was calculated by dividing the outdoor water use by the landscape area 
and applying a standard unit conversion factor.  The application rate is a measure of the depth of 
irrigation water applied across the entire landscape over a year and can be compared to the 
theoretical irrigation requirement, which is empirically determined from CIMIS data. 

 
While billing and climate data are vital for this analysis, some individual sites were 

justifiably disqualified based on survey response data.  For example: 
 
• Though all other data appeared complete, the survey indicated that the customer 

remodeled their landscaping, or otherwise changed their irrigation patterns in a manner 
inconsistent with standard operation of a smart controller (i.e. they shut their system off 
over the summer), during the analysis time span. These sites were excluded.  

                                                 
7 The baseline of billing data are the minimum bill over a given times pan multiplied by the number of bills in that 
time span, or if billing units are gallons per day, 365 * minimum bill, if billing units are gallons per month, 12 * 
minimum bill, etc. 
8 This allows, for example, an installation on Feb 15th 2005 to compare billing data from as early as Feb 1, 2004 and 
as late as Feb 28, 2006. 
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• A few survey respondents indicated that the smart controller was removed after 
installation, never configured correctly, or never installed to begin with.   These sites 
were removed from the impact analysis dataset. 

Evapotranspiration and Precipitation 
The California Irrigation Management Information System (CIMIS) is a program in the 

Office of Water Use Efficiency (OWUE), California Department of Water Resources (DWR) 
that manages a network of over 120 automated weather stations in the state of California. CIMIS 
was developed in 1982 by the California Department of Water Resource and the University of 
California at Davis to assist California’s irrigators manage their water resources efficiently. 
CIMIS weather stations are located in 18 different ET zones throughout California. 

 
Evapotranspiration (ET), as used in this study, is a measurement of the water requirement 

of plants.  According to CIMIS, “Evapotranspiration (ET) is the loss of water to the atmosphere 
by the combined processes of evaporation (from soil and plant surfaces) and transpiration (from 
plant tissues). It is an indicator of how much water your crops, lawn, garden, and trees need for 
healthy growth and productivity” (CIMIS 2008).  

 
CIMIS designates ET from a standardized grass surface as ETo which is also referred to 

as gross ETo or reference ETo.  This measurement does not include precipitation, which (as 
discussed below) is an important consideration when evaluating the water saving performance of 
smart controllers. 
 
 CIMIS maintains fixed stations providing reference evapotranspiration measurements 
(units are inches) paired with daily precipitation (also in inches) measured to a resolution of 0.1 
mm. Daily ETo from CIMIS uses a slightly modified Penman-Monteith equation to estimate 
evapotranspiration rates (CIMIS 2008).9   
 

CIMIS flags values for each variable for quality10: though a particular observation may 
be numeric, a quality control flag may indicate that value is in fact analytically meaningless. In 
the case of severe problem days, this analysis independently substitutes a monthly average value 
for either precipitation or ETo, or both (CIMIS 2008).11  

 
To account for micro-climate differences to the extent possible, daily gross ETo data and 

daily precipitation measurements from the CIMIS network were carefully aligned with historic 
billing data for each site and then the controller installation data were used as the dividing 
marker between the pre- and post-installation periods.  Care was taken to ensure that climate data 
from the same weather station was used for both the pre- and the post-installation analysis at 
every site.  This sometimes meant selecting a weather station farther away from a site location, 
as the more proximal station had discontinuous or incomplete data for either the pre- or post-
installation period. This complex process of matching and aligning pre- and post-installation 
water use and ET data allowed for weather corrections to be made on a site by site basis so that 
appropriate changes in water use could be measured. 
                                                 
9 http://www.cimis.water.ca.gov/cimis/infoEtoCimisEquation.jsp 
10 http://www.cimis.water.ca.gov/cimis/dataQcCurrent.jsp 
11 Month = that calendar month, as opposed to a 30-day moving average. 
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Precipitation is an important factor to consider when evaluating the impact of smart 

control technology.  Ideally, a smart controller should reduce or prevent unnecessary irrigation 
after sufficient rainfall has occurred.  However, not all measurable precipitation can be 
considered effective at reducing the water requirement of landscape plants and turf.  Small 
amounts of rain often do not penetrate the soil and large amounts of rain can exceed the capacity 
of the soil to retain the moisture.  A daily model was used to net out effective precipitation for 
each study site using the techniques described in the methodology section of this report.  A 
maximum of 25% of daily precipitation was considered effective. Alternative approaches to ET 
and precipitation were considered as well and analysis using different approaches are provided 
later in the “Sensitivity Analysis” section of this report.  

 
Daily effective precipitation was estimated using established rules specific to a root depth 

of 12 inches as described in Table 5 (DeOreo, et. al. 2007), (Jensen, et. al. 1990). 
 

Table 5: Effective precipitation methodology and assumptions. 
If Daily Precipitation from 
CIMIS Was… 

Action Taken Reasoning 

less than 0.15” (ignored) Too little precipitation to 
penetrate soil to the root zone. 

between 0.15” and 1.15” Effective precipitation = 
Precipitation – 0.15” 

Useful amount of precipitation 
stored in the soil in a day. 

greater than 1.15” Effective precipitation = 1.0” Precipitation in excess of 1 
inch per day was considered to 
exceed the soil capacity and 
was hence not effective. 

 
The soil moisture model considered is an approximation of change in water storage in the 

soil, with emphasis on limiting saturation by capping the amount of rainfall contributing toward 
change in soil moisture. The model assumes zero irrigation and reflects the maximum amount of 
rainfall available to plant roots given meteorologically measured daily rainfall and 
evapotranspiration.  
 

The Net ET term (used to calculate Theoretical Irrigation Requirement) inherits a 
monthly balance from this model. The landscape coefficient Kc is used only against Net ET 
calculation – though the soil moisture model includes an evapotranspiration term, it does not 
include a coefficient to scale evapotranspiration. This soil moisture model operates under 
assumptions that are reasonable for Kc near 1.0, which is valid because turf Kc = 0.80 is 
subsequently applied to all sites for year-round turf growth.  
 

A daily and monthly cap of 25% of total rainfall was enforced on effective precipitation. 
This depresses annual effective precipitation at the majority of CIMIS stations involved. 
Furthermore, an annual total of monthly values will rarely reach 25% for all months – 23% 
annual effective precipitation is more common.  
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For each day and month, the calculated effective precipitation was compared against the 
total.  Effective precipitation was not allowed to exceed 25% of the total.  Using this method, an 
average of 23.9% of the total annual precipitation during the pre period and 21.7% of the total 
annual precipitation during the post period was found to be effective across all weather stations 
in the study.  Sensitivity analysis, presented in the impact analysis section of this report, was 
conducted where both gross ETo (effective precipitation = 0) and where a higher amount of 
effective precipitation were considered.  This analysis shows the impact of the effective 
precipitation calculation on water savings in this study, but also provides a strong indication that 
the overall result that water savings were achieved would not be impacted if a different value for 
effective precipitation were used. 
 

Theoretical Irrigation Requirement 
 Using the ETo and precipitation data (obtained primarily from CIMIS), the landscape 
area data provided by the participating agencies, and a standard crop coefficient of 0.8 
recommended in the California Model Landscape Ordinance (and many other sources), the 
researchers calculated the theoretical irrigation requirement for each site during the pre- and 
post-installation year. 
 

The Theoretical Irrigation Requirement (TIR) served as the fundamental measurement of 
the water requirement for each smart controller site in the study.  The TIR was used to make 
corrections for changes in climate condition during the pre- and post-installation periods (as 
described in the next section) and to determine how closely the actual irrigation application 
matched the needs of each landscape in the study.  
 
 The fundamental equation used to calculate the theoretical irrigation requirement (TIR) in 
inches for each site was:   
 

Equation 1: Theoretical Irrigation Requirement (TIR) 

ionPrecipitat Effective)((inches) t Requiremen Irrigation lTheoretica −×= cO kETTIR  
 
 Where: 
 

ETo = Gross annual evapotranspiration (inches) from CIMIS 
 
Effective Precipitation = annual effective precipitation (inches) calculated as 
specified above 
 
Kc = ET adjustment factor or crop/landscape coefficient = 0.8 (from Updated 
Model Water Efficient Landscape Ordinance12; also called KL) 
 

                                                 
12 Updated California Model Water Efficient Landscape Ordinance, Reference: Section 65597, Gov. Code. 
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 The Water Use Classification of Landscape Species (WUCOLS), also titled “A Guide to 
Estimating Irrigation Water Needs of Landscape Plantings in California”, provides a cohesive 
statewide treatment of factors involved in irrigation requirement calculations and in particular the 
justification for the use 0.8 for Kc.  The researchers understood that under ideal circumstances, a 
unique value of Kc should be calculated for each study site to account for the different plantings 
and hydrozones.  The practical reality was that insufficient data were available to make such a 
calculation.  Instead, each site was assumed to fulfill an average density, moderate microclimate 
cool-season grass landscape type from the WUCOLS specification, as shown in Table 6.   This 
analysis shows a clear justification for using a Kc value of 0.8 for an average turf grass site and a 
moderate microclimate.  Other documents consulted for this study such as the Updated 
California Model Water Efficient Landscape Ordinance use the same 0.8 value for Kc.  
 
Table 6: Calculation of landscape coefficients under California guidelines 
Coefficient Explanation 
Species coefficient, ks ks = 0.8 for all sites, equivalent to cool season grass 
Density coefficient, kd kd = 1.0 for all sites, equivalent to average density 
Microclimate coefficient, kmc kmc = 1.0 for all sites, equivalent to moderate 

microclimate 
Landscape coefficient kL = ks * kd * kmc kL = 0.8 for all sites 
Landscape evapotranspiration (inches) ETL = kL * (Net ETo) = 0.8 * (Net ETo) 
 
Assumptions Made in Calculating TIR 

With incomplete data about the history of the irrigation system and landscaping at every 
smart controller site in the study, the statistical treatment used by the research team holds (does 
not test) the following assumptions: 
 

• 0≡Δ ck  Any changes in ETL are assumed to be climactic, rather than changes to any of 
ks, kd, or kmc. Put another way, the landscaping is established, with no major changes 
throughout the period of the study. Undoubtedly, over a two year period some 
landscaping changes could have occurred in at least a few sites. Measuring the central 
tendency of a large sample should balance the effect of some sites establishing new turf 
against the effect of others trying to conserve water by reducing the irrigation of 
established turf.  

 
• %100≡IE  The irrigation system itself was not altered or upgraded throughout the study, 

and any change in the irrigation application rate is due to the smart controller and its 
programming, rather than unmeasured changes in irrigation system efficiency. Although 
this was stated earlier as criteria for disqualifying certain sites, it’s important to note that 
this assumption implies that WUCOLS approaches several methods for measuring 
irrigation efficiency on site. An interesting further area of study would compare the 
potential water savings and cost-effectiveness of a WBIC upgrade against those resulting 
from an irrigation system upgrade alone.  

 
Neither of these assumptions alter the TIR calculation or the WUCOLS formulae shown 

in Table 6. 
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Adjusting for Changes in Weather During Pre- and Post-Installation Periods 
 Smart controllers are complex devices designed to adjust irrigation applications to match 
prevailing weather conditions.  When working with irrigation consumption data from different 
time periods it is essential to take weather conditions into consideration so that changes in usage 
patterns are accurately attributed.  In this study the fundamental method for adjusting for changes 
is climate and weather conditions in the pre- and post-installation periods (frequently referred to 
as the weather correction) was to calculate the percent of the Theoretical Irrigation Requirement 
(TIR) applied for each period and to compare the results.   
 

 The Theoretical Irrigation Requirement (TIR) represents an estimate of the landscape 
water needs at each study site.  The Theoretical Irrigation Requirement is an imperfect estimate, 
but since more detailed site level data were not available, it is the best available way to 
approximate the irrigation requirement.   
 
Application Ratio 

The application rate at each site (measured in inches) was divided by the corresponding 
Theoretical Irrigation Requirement value (also measured in inches) to determine the percent of 
Theoretical Irrigation Requirement (TIR) applied at each site during the pre- and post-smart 
controller periods.  This term is called the Application Ratio (AR).  If 100% of the TIR is 
applied, AR = 1.0 = 100%.  This indicates that the theoretical irrigation requirement at the site is 
identical to the actual irrigation application.  If 150% of the TIR is applied, AR = 1.5 = 150%.   
This indicates that excess water was applied.  If 75% of the TIR is applied, AR = 0.75 = 75%.  
This indicates less irrigation water than was theoretically required was applied to the site.  The 
TIR divided by the application rate produces the percent of TIR applied = Application Ratio = 
AR.   The formal calculation of this term is shown below. 
 

Equation 2: Application Ratio (AR) 

ionprecipitat effective - ETo)(
area landscape
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*Unless a dedicated irrigation meter was indicated. 
 

Where: 
 

ETo = Gross annual evapotranspiration (inches) from CIMIS 
 
Effective Precipitation = annual effective precipitation (inches) calculated as 
specified above 
 
Kc = ET adjustment factor or crop\landscape coefficient = 0.8 (from Updated 
Model Water Efficient Landscape Ordinance 200413 ) 

                                                 
13 Updated California Model Water Efficient Landscape Ordinance, Reference: Section 65597, Gov. Code. 
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The AR was calculated for both the pre-smart controller year and for the post-smart 

controller year.  The subtracted difference between the Pre-AR and the Post-AR is the weather-
normalized Application Ratio change score or ΔAR applied.  A negative value of ΔAR indicates 
a decrease in water use and a positive value of ΔAR indicates an increase in water use.  This 
equation for the fractional unitless ΔAR factor is shown below. 

 
Equation 3: Change in Application Ratio (ΔAR) 

AR-PreAR-PostAR − = Δ  
 
Where: 

 
Pre-AR = the Application Ratio during the year before the smart controller was 
installed; and 
 
Post-AR = the Application Ratio during the year after the smart controller was 
installed. 

 
The percent change in water use for each site (percent change in use) is calculated as 

ΔAR divided by the Pre-AR.  The equation for this percentage is shown below. 
 

Equation 4: Percent Change in Water Use 

AR-Pre
ARsein Water U Change % Δ

=  

 
Where: 

 
ΔAR = weather-normalized Application Ratio change score 
 
Pre-AR = the Application Ratio during the year before the smart controller was 
installed. 

 
The percent change in water use represents the percentage by which irrigation water use 

at a site has changed from the pre-smart controller year to the post-smart controller year taking 
into full consideration changes in the weather conditions and precipitation available at the site 
during those years.  The % change in water use was multiplied by the pre-seasonal water use 
(kgal) to determine the weather-normalized volumetric change in water use at each smart 
controller site as shown in Equation 5. 

 
The percent change in water use as calculated in this study is weather-normalized 

because the theoretical irrigation requirement in each year for each site used to calculate the Pre-
TIR and Post-TIR and then the Pre-AR and Post-AR, effectively adjusting the change in 
Application Ratio change score for each unique climate condition.  All of the work the research 
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team spent aligning billing data and CIMIS data were for the purpose of making this essential 
weather correction calculation.   

 
Equation 5: Weather-normalized Change in Water Use 

(kgal) eOutdoor Us-Pre  sein Water U Change %  in volume Change ×=  
 
The weather-normalized change in water use was the fundamental measurement used to 

establish water savings in this research study.  Calculated as shown in Equation 5, the weather-
normalized change in water use is an effective way to examine the impact of smart controllers on 
water use across study sites and allowed the researchers to measure the impact of smart 
controllers in a variety of contexts. A key assumption in this methodology is that the % change in 
water use (Equation 4) and the pre-installation outdoor water use (from billing data) are 
independent.  The researchers carefully examined the co-variance of these two values and found 
it is small in comparison with the variance of the pre-outdoor use which supports the assumption 
of independence.  Another thing to keep in mind with this methodology is that reductions  in 
water use from one level of under-irrigation to a greater level of under-irrigation will be counted 
as a reduction in use, but this might not be correctly interpreted as a “savings”. 
 
Potential Sources of Uncertainty 

Because of uncertainty in the irrigated area data and ET values and because the irrigation 
efficiency of each system was not known (and hence assumed to be 100% for all sites) there is an 
unknown amount of error in the key parameter estimates of Pre-AR, Post-AR and ΔAR.  The 
landscape area could be too large or too small.  The theoretical irrigation requirement could be 
too high or too low.  Even the water use data could contain inaccuracies (although this is 
probably the least likely source of errors as long as the referential integrity of the database is 
carefully maintained as it was in this study).  No control group was utilized in this study.  
However, since all sites were treated identically during the pre- and the post-smart controller 
periods, and because the sample size (n=2,294) is relatively large, the overall impact of the 
analysis of changes in water use derived from this methodology appear quite reasonable.  
Furthermore, the sensitivity analysis (presented and the end of the impact analysis section) 
confirms that if precipitation is disregarded and or if a higher percentage of precipitation is 
considered effective, the fundamental finding of this study is unchanged.  That unchanged 
fundamental finding is that statistically significant reductions in water use were measured from 
the pre- to post-smart controller periods. 

Descriptive and Validatory Statistics Methodology 
The presentation of descriptive and validatory statistics about the California Smart 

Controller Programs provides a picture of what controller products were installed, what class of 
customers installed the products, where they were installed, how they were installed, the irrigated 
area of participating sites, the theoretical irrigation application requirement at these sites, and the 
actual irrigation application before and after the installation.   Please note that the determination 
of the water savings achieved by these devices is part of the impact evaluation presented in the 
next section of this report. 
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Descriptive statistical analysis including mean, median, and standard deviation of a 
number of variables (landscape size, water use, application rate, TIR, AR, change in water use) 
was completed on three fundamental levels: local (by agency), regional (by county, 
congressional district, and ET zone), and statewide (northern & southern Program, and 
combined).  Some results were also be broken down by manufacturer, product, installation 
method, and customer class.   

 
The Statistical Package for Social Sciences (SPSS) software package was used to product 

descriptive statistics such as frequency distributions, means, medians, and standard deviations.  
The software package was used to help create summary tables of survey results such as those 
found in the chapter on customer survey response.  Where appropriate validatory statistics, such 
as the 95% confidence intervals, were constructed around the means.  A 95% confidence interval 
bounds the values in which, 95 times out of 100, the computed mean for the sample will match 
the true mean for the population. 

ANOVA and Multiple Regression Methodology 
 ANOVA, bivariate, and multiple regression analyses were used to determine the factors 
that did and did not influence changes in water use.  Multiple regression analysis was also used 
to compare the performance of different smart controller technologies on a level playing field 
because factors that were shown to influence water use could be controlled for as much as 
possible.  All analyses that involved a comparison of one or more factors or groups were 
completed through the multiple regression effort. 
 
 ANOVA and Bivariate analyses.  In order to examine the association of smart controller 
installation and site characteristics with changes in water use, ANOVA and bivariate analyses 
were performed.  Using ANOVA (analysis of variance), the relationship between weather-
normalized changes in water use and categorical variables such as the installation method, 
climate zone, control technology, etc. was examined.   This test examines whether differences in 
the levels of the variable (weather-normalized changes in water use in this example) are different 
in the specified subgroups. Factors with p-values less than 0.05 were considered statistically 
significant.  This means that for whatever change in the means was detected, the probability of 
that this change was due to simply random variation is less than 5%.  Statistically significant 
factors found to impact changes in water use, and other factors of interest - were then used to 
construct multiple regression models as described below. 
 

Multiple regression analyses.  There were differences in the characteristics of smart 
controller sites in northern and southern California.  There were also differences in 
characteristics between residential and non-residential smart controller sites.  In order to ensure 
that any observed differences in weather-normalized water savings between different controller 
technologies (and a variety of other factors) were not due to differences in the distribution of 
other characteristics associated with water savings, multivariate analyses were performed.  A 
multivariate analysis known as multiple linear regression allowed the researchers to examine the 
relationship between key site characteristics (such as controller technology) and water savings 
estimates after adjusting for factors known to influence savings such as the application rate prior 
to installation of the smart controller. 
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The first step was to examine the bivariate relationships between water use and factors 
that might be associated.  Where a significant relationship was observed, the factor was deemed 
appropriate for inclusion in a multiple linear regression model.  A multiple linear regression 
model allows the simultaneous examination of the association of multiple factors with a single 
outcome measure of interest, often referred to as the dependent variable.  In this instance, the 
estimated annual percent water savings per site was the dependent variable.  The factors 
examined for an association with the dependent variable are referred to as independent or 
predictor variables.  This simultaneous examination allowed researchers to look at a particular 
association of interest, for example the association of smart controller technology, 
simultaneously adjusted for all the other variables in the model. 
 

Factors identified as significant through the ANOVA and bivariate analyses were entered 
into a series of regression models.  A number of different regression models were examined 
using combinations of variables to choose the most predictive models presented in the impact 
analysis chapter.  The researchers investigated the impact of transformation of the data set 
(lognormal and exponential based on the observed frequency distribution) to try and improve 
model fit and statistical significance, but it was determined that this exercise in fact offered no 
improvement over the linear models. 

 
The statistics produced for regression equations include a test of the hypothesis that there is no 
relationship between the dependent variable and the predictor variables, the null hypothesis.  The 
results of this test were reported as an F-statistic with an associated p-value.  Conventionally, 
only models with a p-value of 0.05 or less are considered significant, meaning that there was less 
than a 5% chance that the difference predicted by the model was due to chance.  Hence, at the 
95% confidence level, the null hypothesis was rejected.  In addition, an adjusted R-squared was 
calculated, which can be interpreted as the proportion of the variability in the dependent variable 
accounted for by the factors and the number of variables included in the regression model. 

 
Regression coefficients were calculated for each predictor variable in the model.  These 

coefficients can be interpreted as a slope of the average change in the dependant variable to a 
small change in the predictor variable. The regression coefficient represents the amount the 
dependent variable would change, all other variables held constant due to a small change in the 
independent variable.  A test of statistical significance was calculated for each regression 
coefficient, with a corresponding p-value.  A Bonferonni Correction was also applied. 

 
The fit of the model and the appropriateness of the variables for inclusion in the model 

can be tested by examining a scatter plot of the predicted values (usually on the x-axis) and the 
residual values, usually on the y-axis.  A predicted value for the dependent variable can be 
calculated for each case, given values for the independent variables in the model for each case.  
The residual values are the difference between the actual value of the dependent variable for a 
case and the predicted value.  In a perfect model the residual value would be zero and all points 
would lie on the x-axis.  If there is not an abnormal distribution of the dependent variable or of 
the other variables included in the regression model, the scatter plot will resemble a cloud or a 
“goose egg,” with no discernible relationship or pattern between the predicted and residual 
values.   
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Adjusted means of the dependent variable can be calculated for subgroups of one of the 
independent variables, e.g., average annual water savings per smart controller site, adjusted for 
the other variables included in the model.  This was done by applying the average values across 
the entire sample for each of the independent variables. 

 
The results of this analysis are based on mathematical models and other statistical tools 

that seek to find the center point of a large group of data, or a line that represents the best fit 
between two variables.  In practice, there will always be data points above and below the values 
predicted by even the best models.  Statistical models often give the impression of great 
precision, however in reality these models seldom predict water savings for any specific site very 
well, but they will predict water savings for a large group much better. 

 
When an analysis shows there is a 95% confidence level that there will be a specified 

difference if the average water savings between two groups this should be thought of not as a 
prediction that water savings of individual members of the group will vary by this amount, since 
due to the distribution of the data they might not, but as a prediction that there will be a 95% 
probability that the average water savings of a number of examples chosen from the two groups 
will vary by this amount.  From the perspective of any planning or policy study that deals with 
large groups, the ability to understand such group dynamics is a key to good decision making. 

Cost-Effectiveness Analysis 
When people decide if the advantages of a particular action are likely to outweigh the 

drawbacks, they engage in a form of benefit-cost analysis.  Traditional benefit-cost analysis 
attempts to weigh the total expected costs against the total expected benefits of an action in order 
to choose the best or most profitable option.  Cost-effectiveness analysis is a form of economic 
analysis that compares the relative expenditure (costs) and outcomes (effects) of two or more 
courses of action. Cost-effectiveness analysis is often used where a full benefit-cost analysis is 
inappropriate or not possible given the available data (Griffin 2006). 

 
In this study, which spanned four years, included multiple smart controller technologies, 

and involved nearly 30 water utilities; it was simply not feasible to conduct a traditional benefit-
cost analysis.  Neither the full costs nor the full benefits of smart controller programs was 
adequately measured by any party.  What was possible was to use the water savings measured 
through this evaluation study to develop a series of cost-effectiveness analyses with the goal of 
determining the level of investment (or expenditure) that could be justified for the purpose of 
providing incentive and purchasing a smart controller.  The mixture of study sites in this project 
was never intended to be a representative sample of potential smart controller customers – rather, 
the sample is a longitudinal mixture of sites, smart controller technologies, and program 
distribution methods.  

 
The cost-effectiveness analysis was developed to examine both the utility and customer 

perspectives on the purchase and installation of smart controllers.  No attempts were made to 
present the costs of purchasing, installing, and maintaining a controller.  Although some retail 
controller price information (from 2007) is presented in Appendix A, the actual price paid by 
utilities and customers was only provided to the research team for a limited set of study sites.  
Utility costs for implementing the program are extremely difficult to account for. Since this was 
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a pilot effort with several changes of course, the agency costs are really not representative of 
what a could be expected for a utility with a fresh start seeking to implement a program today, 
equipped with the information and guidance provided in this report. 

 
The cost-effectiveness analysis was conducted from two perspectives: (1) the water 

utility; and (2) the end user or customer.  For the water utility perspective, cost-effectiveness 
analysis was used to determine the incentive levels that could be reasonably justified for a water 
utility based on the water savings measured in the study.  For the customer perspective, cost-
effectiveness analysis was used to determine the level of investment it would be reasonable for a 
customer to make in a smart controller given the anticipated water and cost savings achievable 
through installation of the device.  Other benefits of the smart controller such as convenience and 
improved landscape health are difficult to quantify in dollar terms, but are also discussed. 
 

The cost-effectiveness analysis implemented in this study interjected financial factors to 
examine what level of investment might be appropriate and financially advantageous given the 
estimated water savings from targeted and general (non-targeted) smart controller programs. 
Those factors and the methods in this section have been generalized so that results can be 
broadly applied, but for individual agencies, smart controller options, customers, and site 
characteristics, a specialized analysis will be superior and preferred. 

 
Given an expected lifetime of 10 years, the cost-effectiveness analysis measures the 

justified expense of an upgrade (or new installation) over that 10-year period. For purposes of 
comparison, the Net Present Value (NPV) of the cost of water over that period was calculated 
with an annual discount rate of 3%. For customers considering a smart controller purchase, the 
present worth of 10 years of water savings was calculated for a range of retail price values. For 
utilities, 10 years of water savings was calculated for a range of avoided cost for water values. 

 
Table 7 presents a matrix of possible outcomes from cost effectiveness analysis.  Sites 

that do not reduce water use will obviously not be cost-effective.  In some cases, a smart 
controller may not be cost-effective even if water use is reduced, but other benefits of the smart 
controller may stimulate the purchase. 
 
Table 7: Potential cost-effectiveness analysis outcomes  

 Application Rate 
Decrease 

No Change In 
Water Use 

Application Rate 
increase 

Cost effective over 
10 year expected 
product life. 

Clear benefits from 
smart controller. 

 
NA NA 

Not cost effective 
over 10 year 
expected product 
life.  

Water bill decreases, 
but savings take more 

than ten years to recoup 
expenditure.  Benefits 

besides water/cost 
savings possible. 

Benefits besides 
water/cost savings 

possible. 

Benefits besides 
water/cost savings 

possible. 
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The cost-effectiveness analysis was constructed using the average and median per 
customer water savings estimated for sites with four different landscape areas (4,000 sf, 12,000, 
25,000, sf, and 150,000 sf).  These areas encompass the range of residential and non-residential 
landscapes found in northern and southern California and elsewhere.  While not specifically 
designated as residential and non-residential analysis, the smaller landscape sizes are more 
typical of residential properties and the larger landscape sizes are more typical of commercial 
and dedicated irrigation properties.   

 
A range of values for the avoided cost of water (utility perspective) and the retail cost of 

water (customer perspective) were considered.  Many different utility agencies participated in 
this study and since each agency may have their own calculated avoided cost for water, the cost-
effectiveness analysis considered a broad range of values.  The avoided cost of water for the 
California agencies in this study ranges from approximately $100/acre-foot up to $1,000/acre-
foot.  For many agencies in other parts of the country the avoided cost for water can be as high as 
$15,000 per acre-foot.  Since it is anticipated that this study will be of interest outside of 
California, the range of avoided cost values was expanded up to this very high range.  The retail 
cost per hcf of water (customer perspective analysis) ranged from $0.50/hcf up to $12/hcf in an 
effort to provide useful information for a broad range of customers and utility agencies in 
California and beyond.  The discount rate for present worth analysis was assumed to be 3% in all 
cases.  The expected useful life of a smart controller is estimated at 10 years, so that was the 
length of time used for the cost-effectiveness calculations. 
 
Additional Considerations for Cost-Effectiveness Analysis 

The cost-effectiveness analysis developed for this study is likely too general to cover all 
participating agency and smart controller model conditions. It is acknowledged that the cost 
effectiveness analysis presented in this report does not fully consider potentially important 
factors such as tiered water rates.  The cost model assumes flat water rate which may correspond, 
however savings across a typical tiered rate structure could make a smart controller more cost-
effective.  Other simplifying assumption may make it desirable for utilities to conduct their own 
cost-effectiveness analysis before implement a smart controller incentive program. 

 

Data Analysis and Final Report Preparation 
 Research team members Peter Mayer and Matt Hayden from Aquacraft, Inc., and Erin 
Caldwell from National Research Center assembled the data and conducted the analyses in this 
research study.  Renee Davis of Aquacraft, Inc. researched smart controller technologies and 
prepared the detailed controller information found in Appendix A.  Bill DeOreo of Aquacraft, 
Inc. was instrumental in developing the analytic framework for the study and in particular the 
methodology used to make weather corrections.  He also provided guidance during the entire 
project and in particular during the data analysis phase.  Dr. Tom Miller of National Research 
Center oversaw the entire survey process and assisted with statistical methods.  Dr. Peter Bickel 
of the University of California, Berkeley was the team statistical consultant.  He reviewed the 
statistical methods employed by the research team including the sampling methodology, seasonal 
use disaggregation, weather corrections, ANOVA and bivariate analysis, well as the multiple 
regression models developed.  Peter Mayer managed the project and was largely responsible for 
production of the final report. 
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 Most data analysis for this study was accomplished using the Statistical Package for 
Social Sciences (SPSS).  Additional analytic tools included Microsoft Access and Excel. 
 
 The final report preparation process began in 2005 and 2006 with the preparation of the 
interim process evaluation report for DWR.  Working from that document and the original scope 
of work, an outline of the final report was developed.  Data analysis was accomplished during 
the late Summer and Fall of 2008.  Preliminary results were presented at the WaterSmart 
Innovations Conference in October 2008 in Las Vegas, Nevada.  That process yielded some 
excellent suggestions for modifying and improving the analysis.  These ideas were incorporated 
into the subsequent analytic process and final report preparation. 
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PROCESS EVALUATION OF CALIFORNIA SMART CONTROLLER 
PROGRAMS 

Southern California Programs 

The southern California smart controller grant program was developed and implemented 
by the Metropolitan Water District (MWD) and its member agencies.  MWD issued agreements 
and allocated grant funding among its member agencies in February 2004.  MWD organized a 
committee of its interested agencies to formulate implementation plans and provide input into the 
development of database and reporting requirements.  This committee also tested the database 
and worked with MWD to adapt requirements and reporting forms as the program evolved.  

 
To support its member agencies, MWD issued a Request for Information (RFI) to smart 

controller manufacturers to compile a list of available devices.  Responses were received and an 
initial list of devices was provided to the agencies.  Information on available controllers was 
posted on MWD’s bewaterwise.com website.  MWD also distributed brochures titled “Choosing 
a smart sprinkler controller for your home,” which served as a simple buying guide for 
homeowners. 

 
MWD’s member agencies invested significant time and resources to implement and 

market their programs, which included selecting smart controllers for their respective programs.  
Agencies also familiarized themselves with various smart controllers on the market for inclusion 
in their local programs.   

 
There was not much activity early in the program.  MWD held a workshop to discuss 

implementation issues with its agencies.  The agencies expressed several challenges they were 
facing in implementing programs, including: 

 
• Lack of resources and expertise with this new technology 
• Lack of understanding by homeowners on smart controller features, capabilities, 

and where to purchase them 
• High costs compared to standard controllers 

 
MWD took this feedback and formed an internal brainstorming group that met weekly to 

rethink the approach to program implementation.  The concept developed as a result of these 
sessions was to test a large distribution event of smart controllers modeled after the ultra-low-
flush program that has been successful over the past 10 – 15 years.  MWD issued a Request for 
Proposals for smart controllers and purchased a small number of controllers to test the concept.  
MWD also developed forms and promotional materials for the distribution event such as the 
example shown in Figure 1. 
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Figure 1:  MWD brochure announcing controller distribution event 
 
MWD asked customers to pre-register for the event and assigned time slots for customers 

to exchange old units for smart controllers.  Customers were required to disconnect their old 
controller and bring it to the event in exchange for a free new smart controller.  MWD’s 
consultant provided training on installation and programming of the new smart controller.   For 
the first exchange event, MWD partnered with Armstrong Nurseries and the Los Angeles 
Department of Water and Power.  MWD and LADWP staff coordinated the event and scheduled 
customers every half-hour to arrive with their old controller and go through a 20-minute training 
session on installation and programming. 

 
There were not many customer registrations from the distribution of flyers, so MWD 

decided to issue a press release.  A newspaper picked up the story and ran an article about the 
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event in its Saturday edition.  MWD had established a phone line for reservations, but did not 
know the article was going to print on Saturday and therefore and did not have the phone line 
staffed over the weekend.  There was enormous customer response and the voice mailbox was 
full early Saturday morning, which caused customer frustration.  MWD and LADWP received 
numerous complaints.  The following Monday, MWD staff returned phone calls and continued 
clearing out the voicemails as they came in.  By the end of Monday, the event schedule was fully 
subscribed. 

 
This first distribution was very successful.  MWD distributed 120 smart controllers.  One 

of the unknown factors going into this first event was whether people would be willing to 
disconnect electrical wiring to their old controllers.  Surprisingly, at least 98 percent of the 
participants brought in their old controllers, which were a varied group of devices, as shown in 
Figure 2. 

 

 

Figure 2: Old irrigation timers collected by MWD at an exchange event 
 
Based on customer response to the initial distribution event, MWD decided to test a 

number of methods to distribute smart controllers.  MWD issued a Request for Proposals to 
purchase a larger number of controllers.  Three manufacturers were selected, which were 
WeatherSet, Weathermatic and Aqua Conserve. 

 
With a supply of controllers on hand, MWD began testing different methods.  For some 

events, MWD staff and agency staff conducted the event.  For others, MWD hired a consultant to 
conduct the distribution events.  Many agencies distributed units from their offices or parking 
lots.  Some agencies also provided lists of certified installers provided by the manufacturer to 
participants providing access to trained installers. 
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Exchange Programs 
MWD worked with Descanso Garden to have a large distribution event that involved four 

MWD member agencies – Foothill MWD, City of Glendale, City of Pasadena, and City of 
Burbank.  Participants received a DVD on programming and installation instead of a training 
class.  This allowed for a larger number of controllers to be distributed in one day.  At this one 
event, 432 controllers were distributed. 

 
Another method tested to distribute a large number of controllers in one day was a drive-

up exchange and distribution.  Participants were pre-registered and went through drive-up 
“stations,” where they signed their paperwork, then moved to the next station and dropped off 
their old controller, then the next station where they received their new controller and a DVD on 
installation and programming.  Anyone with questions was directed to a holding area in order to 
not disrupt the flow of the process.  At this event, 470 controllers were distributed. 

 
MWD has a long-standing training program for homeowners called the California-

Friendly Landscape Program (formerly named the Protector del Agua Program).  In these 
classes, homeowners learn about landscape design, plant selection, sprinkler systems, and 
fertilization.  This seemed like a logical place to offer controllers to homeowners.  A new 
segment of the class was developed on installing and programming a smart controller.  The 
California-Friendly Landscape classes allowed for smart controller distribution along with more 
extensive training.  There were 26 California-Friendly Landscape Program classes where smart 
controllers were distributed.  Participants were required to return their old controller before 
receiving the new smart controller similar to the other distribution programs. 

 
MWD explored implementing comparable distributions to commercial customers.  The 

theory was that since small commercial settings could use residential size controllers, 
distribution programs could apply to specific commercial customers.  MWD explored this option 
with fast food establishments and churches, but found that it was difficult to gain access to these 
customers to discuss installing smart controllers.  This effort was subsequently discontinued. 

 
MWD tried offering controllers through a local community college class.  Students were 

required to pay a small amount toward the cost of the controller.  There was difficulty with this 
method due to a lack of control over student registration and inability to prescreen participants.  
Variability in student participation from different water agency service areas complicated data 
collection.  Due to the complexity of this method, it was discontinued after the initial event. 

 
Using the remaining smart controllers on-hand, MWD distributed smart controllers to 

participants that registered on-line.  They were sent a confirmation email after verifying 
eligibility and provided an appointment to bring their old controller in exchange for a new smart 
controller.  The distribution was held at MWD’s headquarters in Los Angeles.  Participants came 
from throughout MWD’s service area.  One hundred smart controllers were distributed through 
the on-line method.  This method was by far the most cost-effective and simplest in terms of staff 
time for implementation. 

 
While MWD conducted the distribution events, member agency programs also began in 

earnest. In early 2006, several agencies were successful in implementing direct-installation 
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programs.  MWD began to see local agency programs quickly getting units installed.  In May 
2006, MWD reallocated remaining grant funds to support agencies that were successfully 
implementing local programs.  Photos from MWD exchange events are shown in Figure 3. 

 

 

Rebate Programs 
Rebate programs offer a financial incentive to customers to install a smart controller. 

Rebates in southern California range from $50 up to the full cost of a controller.  A variation of 
rebates is a voucher program, where the customer applies for a voucher before the purchase of 
the smart controller.  The rebates reported include some voucher programs.  Installation is 
typically not included as part of a rebate or voucher program, but a number of agencies offered 
training programs to assist customers with proper installation.  In addition, lists of trained and 
knowledgeable installers were provided.  Agencies differed in how the rebate was provided to 
program participants and in the level of field verification required to ensure installation.  Rebate 
programs were typically open to customers with automatic sprinkler systems. 

   
There are some basic challenges associated with smart controller rebate programs: 1) 

Attracting participants; 2) Product availability; and 3) Free-riders.  A number of southern 
California agencies that implemented a rebate program had difficulty publicizing the program 
and attracting participants.  Smart controllers are a new technology and most customers are 
simply not aware of what they are and what they can do.  It is often difficult for an agency to 
effectively market a rebate program in this situation.  Once this technology gains in popularity 
and reaches deeper into the public consciousness, it should be much easier for an agency to 
attract participants to a rebate program.  Free-riders are customers who purchase a device (in this 
case a smart controller) and get a rebate, but would have made the purchase even without the 
rebate.  Free-riders can be a problem with any rebate program.  When promoting a new and 
largely unknown technology such as smart controllers the problem of free-riders is likely to be 
much smaller than with a toilet or clothes washer rebate program. 
 

Foothill MWD, San Diego County Water Authority, Long Beach Water Department, and 
Eastern MWD all implemented smart controller rebate programs.  San Diego County hired a 
marketing firm to produce promotional materials for their rebate program.  They were successful 
in recruiting participants, but found their financial incentives were not particularly motivating 
since a neighboring county offered substantially higher incentives at the same time.  Long Beach 
didn’t advertise their rebate program at the beginning and hence had almost no interest, but the 

Figure 3: Photos from MWD smart controller exchange events 
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program took off once a dedicated staff person was assigned to recruit high water-using 
customers and to perform installations.  Long Beach also ran a targeted direct installation 
program.  Eastern didn’t experience any marketing or recruitment challenges, but their 
requirement for irrigation system repairs and upgrades slowed down the program process. 

Direct Installation Programs 
Direct installation programs identify a set of customers to solicit (e.g. high water users).  

These customers are then solicited to participate in the direct installation program where the 
agency either hires a contractor to perform the installations or does the installation work with its 
own staff.  Typically the controller and installation is offered for free. The benefits of direct-
installation programs are that the smart controllers are installed and programmed properly.  
However, these programs tend to be more expensive, as the utility must bear the cost of the 
hardware and the labor.  

Summary of Programs 
Consistent with MWD’s initial program design (market-based approach), the southern 

California smart controller programs have evolved since they began in 2004 to adapt to the 
realities experienced by the implementing agencies.  Most of the evolution was in the residential, 
self-install method.  Several agencies (LADWP and Eastern) started by implementing targeted 
direct installation programs and then changed direction at some point to implement rebate and 
exchange programs.  Long Beach started with a rebate program and moved to direct installation.  
Each of the methods employed in southern California has worked, but agencies have adapted 
their programs to either decrease costs or increase the distribution rate of smart controllers.  This 
suggests that on-going evaluation, flexibility, and a willingness to adapt to changing conditions 
can be helpful when implementing smart controller programs.  

 
The following chart shows the total number of controllers installed through the different 

program types.  The largest number was the free exchange programs, where 2,475 controllers 
were distributed.   

 
 Looking at the programs by residential versus commercial, since all of the exchange 

programs were for residential, the breakdown shown below displays the difference in distribution 
methods used for the two different types of participants.  For commercial participants, the largest 
numbers of controllers were distributed through direct-installation programs. 

 
By the end of the grant, 20 of MWD’s 26 member agencies participated in the program.  

Four of MWD’s member agencies were excluded because they had a similar State grant for 
smart controllers.  Table 8 shows a breakdown by member agency and program method used.  
Figure 4 and  provide a summary of the distribution methods utilized in southern California. 
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Table 8: MWD smart controller distribution by member, method, and customer category 
Residential Commercial 

Agency  Exchange Rebate Direct Install Rebate Direct Install Total 

Beverly Hills  1    41 42  
Burbank  91      91  
Calleguas  78    22  100  
Central Basin  78   39 17 134 
Eastern  3    100 44 147 
Foothill  347 21    368 
Glendale  168     168 
Inland   286 93     379  
Las Virgenes  22  1  45 68 
Long Beach  47 32 198   67 344  
LADWP  143   430  47 620 
Pasadena  74  11 35  120 
SDCWA  676  17  150  843 
San Fernando  7      7 
Santa Monica  61  3 63 2 1 130 
Three Valleys 165     165 
Torrance  20     20 
USGV  167     167 
West Basin  2 29   13 44 
Western 39  207 52  379 677 
Total 2,475 195 910 400 654 4,634 

 
 

 
Figure 4: Summary of Southern California distribution methods 
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 Figure 5: Residential and commercial distribution methods in southern California 
 

Public Awareness of Smart Control Technology in Southern California Increases 

 MWD measured customer awareness of weather-based irrigation control technology in 
2005 when the program began and again in 2007 as the distribution and education effort 
matured.  In 2005, only 15% of respondents indicated that they were aware of the existence of 
weather-based control technology.  In 2007, 38% of respondents were familiar with the 
technology.  This substantial improvement was largely due to the MWD and member-agency 
program efforts.  Such improvements bode well for the future of this technology in the region. 

Northern California Programs 

The northern California Smart Controller programs were made up of distribution 
programs at five participating agencies (listed earlier in this report) under the leadership of 
EBMUD.  Much of the early effort was focused on conducting a market research study14 to 
develop a strategy and plan, designing smart controller distribution programs, and creating a 
web-enabled database tool for collecting and centralizing data from the distribution programs. 
 This effort in conducting background research and developing a web enabled database tool has 
established the groundwork for the program implementation, project evaluation, determination of 
water savings, and long-term monitoring of water use on participating sites. 

Before developing individual northern California programs, the six agencies first 
developed an interagency Memorandum of Understanding (MOU) to establish the 
responsibilities of each agency with respect to administrating the grant funds awarded by DWR 
and satisfying the conditions of the grant agreement.  The MOU: 

1. Established a Project Coordination Team made up of one representative from each 
agency. 

2. Established a procurement process to hire a third-party regional project administrator 
and to hire a vendor to develop a regional database.   

                                                 
14 The market research effort was an EBMUD project conducted by PMSI. 
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3. Established that a third-party vendor would be hired to evaluate the statewide 
program.  The California Urban Water Conservation Council (CUWCC) agreed to 
facilitate the procurement process and the statewide evaluation for both the northern 
and southern California programs.  

Figure 6 shows the relationship of the agencies and agreements that were put in place to 
implement the northern California WBIC program.  Establishing the administrative structure and 
developing multiple agreements required substantial time and resources on the part of EBMUD 
and its northern California partners.  An extension of eighteen months was requested from DWR 
and granted to allow a full irrigation season to collect data for this report.     There was regional 
coordination on the database.  Each agency designed and implemented its own program.   

Coordinated Regional Database 

The five participating northern California agencies created a web-enabled central 
database for the purpose of storing data on the smart controller programs and to assist in 
producing required reports to DWR and the final project evaluation.  In September 2004 an RFP 
was issued for the database development and Media Net Link (MNL), a San Ramon firm 
specializing in business web services was selected to develop program specifications and a 
database tool.  After an extensive specification and development process, MNL’s tool became 
operational in 2007 and was used to provide data for this report by four of the five northern 
California agencies.   The central database did provide a tool for uniform data collection, but it 
did not prove to be as user friendly or capable as originally envisioned. 
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Figure 6: Relationship chart for northern California programs 
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Controllers Installed in Northern California 

Some northern California agencies began their incentive programs in 2004, but more 
formal programs began in 2005 and 2006.  Distribution methods focused on targeted rebates and 
vouchers.   Table 9 presents a summary of the controllers installed through October 2008 as part 
of the northern California program. 
 
Table 9: Northern California smart controller installations by agency 

1 to 12 Stations 13 to 24 Stations 25 Stations and up

Agency Direct 
Install 

Self 
Install 

Direct 
Install 

Self 
Install 

Direct 
Install 

Self 
Install 

Number of 
Controllers 

Installed 

Original 
Number of 
Controllers 
Allocated 

EBMUD  442  297  63 802 1305 

Alameda 6 47 20 37 1 3 114 124 

Contra 
Costa  56  60  25 141 149 

Santa 
Clara 66 12 40 200 3 137 458 657 

Sonoma 88 40 19 26 4 21 198 291 

Total 160 597 79 620 8 249 1713 2605 
 

Goal of Market Transformation 

Many of the incentive programs implemented northern California were intended to 
“transform” consumer behavior by encouraging the adoption of new technologies.  Agencies like 
EBMUD believed this effort in market transformation distinguished their program from more 
traditional demand management efforts, but they also pointed out that demand management and 
market transformation are distinct yet complimentary approaches. 

Demand management programs typically focus on cost-effective conservation through 
the delivery of water saving devices or services at a low cost with a target market comprised of 
end users.  Market transformation programs focus on strategies that promote long-term market 
changes that further return on investment without the continuing need for incentives after a 
threshold of market change has been achieved.  The target audience for a market transformation 
program involving smart controllers might include manufacturers, distributors, retailers and 
service providers as well as the retail consumer.   

The PMSI market research report prepared for EBMUD concluded that consumer 
incentives (such as rebates and vouchers) were likely to be more successful if market and 
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product performance information were provided to potential program participants.  With this 
knowledge, EBMUD in particular sought to use their agency incentives to educate and influence 
both consumer and distribution ends of the supply chain. 

EBMUD Marketing Strategy and Plan 

To maximize potential water savings and cost-effectiveness, EBMUD identified a target 
audience of residential and non-residential customers using an average of 750 gallons per day 
outdoors during the irrigation season.  Other northern California agencies adopted a different 
approach as described in Table 11.  

EBMUD contracted with Planned Marketing Solutions International (PMSI) to develop a 
marketing strategy and plan for their smart controller distribution program.  PMSI has experience 
in marketing smart controllers through their work with the Irrigation Association and SWAT. 
 Although funded by EBMUD as part of their program development work, the information was 
shared with the northern California partners as well as interested agencies in the south.  The 
work was not billable to the DWR grant but was considered part of the EBMUD cost share for 
program development and implementation.   

The PMSI report, primarily based on two residential focus groups and interviews with 
facility and property managers conducted in October 2005, identified target audiences for smart 
controllers, marketing objectives, potential program challenges and obstacles, strengths and 
opportunities, marketing strategies, and recommended marketing tactics.     

Two key marketing objectives were identified: 

1. Motivate 940 qualified EBMUD residential customers and 365 qualified commercial 
customers to replace their existing conventional controllers with smart controller 
technology.  

2. Meet this installation goal by no later than April 15, 2007 - with the majority of 
controllers installed as soon as possible to maximize the time period over which they 
can be evaluated for water savings potential.  

A number of the report’s recommendations proved useful.  Key obstacles identified by 
PMSI include educating the target audience about the technology and its value and overcoming 
resistance to “customer inertia.” Findings indicated this “inertia” is more likely to be an issue for 
residential customers according to the report.  Commercial targets were anticipated to be more 
immediately receptive to the smart controller technology. 

Strengths and opportunities within the smart controller program identified by PMSI 
ranged from the expected performance of smart controller technology to the cost savings (up to 
50% of the controller cost) to be offered to participants.  The report also noted that irrigation 
contractors and distributors should be supportive of the program as it offers new revenue 
opportunities for them and most Bay area distributors already had smart controllers in inventory. 

Marketing strategies for residential customers described by PMSI include: 

• Professional installation (except for insistent do-it-yourself types). 
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• Engaging landscape and irrigation contractors and experts and key influencers in the 
decision process. 

• Launching landscape and irrigation contractor initiatives prior to the end-user 
program. 

• Targeting qualified end users. 

• Providing useful information to potential participants. 

• Recruiting partners to serve as real world case studies. 

• Leveraging industry organizations to promote the program.  

• Additional marketing strategies for commercial customers described by PMSI 
include: 

o Interactive tactics to engage the customer in dialog. 

o Promoting certified Water Smart Irrigation Controller (WSIC) installation 
among landscape professionals.  

PMSI’s primary marketing message for residential customers was, “Installing a WSIC (or 
having a WSIC installed) in place of my traditional irrigation timer will save me money—now 
(through EBMUD’s voucher program) and in the future (from reduced water use), while 
maintaining the health and beauty of my landscaping.” 

The recommended residential marketing tactics included: 

• Develop end-user voucher program infrastructure. 

• Generate targeted awareness of WSIC technology and the EBMUD voucher program. 

• Support and build upon awareness efforts with more in-depth WSIC educational 
resources.  

Similarly, the primary marketing message for commercial customers was, “Installing 
WSICs in place of traditional irrigation timers in the properties I manage is a smart decision. 
WSICs maximize irrigation efficiency, reduce water use and give me better control of my 
landscape irrigation while maintaining the health and beauty of the landscaping and helping the 
environment.” 

The recommended commercial marketing tactics included: 

• Develop end-user voucher program infrastructure. 

• Generate targeted awareness of WSIC technology and the EBMUD voucher program.  

• Support targeted commercial end-users in making a case for WSIC technology within 
their organizations.  
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EBMUD was hopeful that their approach to conducting market research, developing a 
marketing strategy, and requiring product performance testing would in the long term lead to 
increased consumer awareness and satisfaction, as well as contribute to larger and longer term 
water savings. 

Revised EBMUD Program 
 Beginning in January 2008 EBMUD deployed a revised and simplified smart controller 
distribution program with the goal of getting more controllers installed.  Most significantly, the 
financial incentive was changed from a voucher to a rebate.  The application process was 
simplified and the “pre-application” eliminated to make it easier for participants to enroll.  Under 
the revised program, rebate monies were not made available to participants until an inspection 
was conducted that confirmed the installation and programming of the smart controller. 
 
 The revised EBMUD program featured a new consolidated information brochure, and 
article in the EBMUD bill insert publication “Customer Pipeline”, point of purchase displays, an 
improved informational web page, and advertisements in local print media.   
  
 Rebate amounts, shown in Table 10, were based on historic irrigation demand at the site.  
Customers who historically used more water for irrigation were eligible for a large rebate since 
they presumably had need for a large and more expensive smart controller.  Special rules applied 
for customers who installed more than one controller.  The revised program still included the key 
feature of a utility inspection of each smart controller installation to ensure proper programming.  

Table 10: EBMUD Smart Controller Rebate Amounts (2008) 

Calculated Historic 
Irrigation Demand (gpd) 

EBMUD Rebate 
Amount ($) 

250 to 749 $100 

750 to 2,999 $250 

3,000 to 5,999 $350 

6,000 and above $500 
 
 Examples of marketing materials used by EBMUD are shown below in Figure 7 and 
Figure 8.  EBMUD utilized some of the marketing materials developed by the Smart Water 
Application Technology (SWAT) program and found that they were particularly effective and 
explaining the concept of weather-based irrigation control and in stimulating customers to 
respond to incentive program offers. 
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Figure 7: EMBUD Marketing Brochure Example 1 

 

Figure 8: EMBUD Marketing Brochure Example 2 
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Summary of Implemented Northern California WBIC Programs 
 Northern California agencies implemented primarily rebate programs that evolved as they 
gained experience with the technology and program implementation.  A summary of the northern 
California programs is provided in Table 11.   Detailed descriptions and information about each 
program is provided in Appendix G.  In general, the northern California programs were 
simplified over time from both an administrative and participant perspective.  This was an effort 
to increase participation which rarely reached anticipated levels. 
  
Table 11: Summary of Northern California Smart Controller Incentive Programs 

Agency Incentive Description 

EBMUD Voucher/Rebate Program started as a self-install voucher program targeting residential 
and commercial customers with high water irrigation use.  Later 
changed to a rebate to simplify program administration and remove 
barriers for landscape contractors promoting the program.  

Santa Clara 
Valley 

Direct 
Install/Rebate 

SCVWD provided pre-installation landscape surveys for each 
participant. Participants had the option of professional installation or 
self-installation.  The installation program was modified to a rebate 
program in order to include additional controller manufacturers, 
minimize program administration and to meet landscape contractor’s 
needs. 

Contra 
Costa 

Rebate – based on 
# of stations 

CCWD ran two rebate programs.  One program was a single-family 
residential program offering $25 per active station rebate.  A second 
program focused on CII/multi-family users. This program provided a 
$40 per active station rebate.  The programs targeted high water users. 

Sonoma 
County 

Rebate Initially separate programs were created for residential and commercial 
customers.  Customers were required to participate in a pre-qualifying 
audit before purchasing the smart controllers.  The program was revised 
to reduce program requirements and combine the residential and 
commercial programs into a single program with one application form. 

Alameda 
County 

Rebate ACWD program was originally launched as a direct contractor install 
rebate program but was changed to a self-install rebate program to 
simplify the program and encourage participation. Any replacement 
controller or add-on device that adjusted the irrigation schedule based on 
ET was eligible, subject to ACWD approval. 

 

Controllers Installed Through DWR Grant Programs 

Table 12 shows the total number of controllers installed through the southern and 
northern California smart controller programs.  The southern program has distributed 83.9% of 
their anticipated total and distributed more large non-residential controllers than originally 
anticipated.  Since non-residential controllers are more expensive, the southern California 
agencies were able use all of the DWR grant funding allotted for their program.  
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Northern California agencies had installed 65.8% of their target by October 2008.  In 
addition to the controller distribution effort the northern agencies have worked over the grant 
period developing a detailed marketing plan to assist in the development of their installation 
programs and a regional web-based database to assist with program reporting over the five-year 
life of the project.  The northern agencies sought an extension from DWR to complete the 
targeted number of controller installations but this was not approved and program installations 
are officially complete.  

 
Table 12: Smart controller installations by region (as of 10/2008) 

Region Total # of Controllers 
Installed  

Original Installation 
Projection 

% of Original 
Estimate Installed 

Southern California 4,629 5,514 83.9% 

Northern California 1,713 2,605 65.8% 

Total 6,342 8,119 78.1% 
 
 Figure 9 shows the installation data of smart controllers in northern and southern 
California graphically.  The x-axis is the installation data and the first y-axis is the number of 
sites where controllers were installed on that date.  The second y-axis is the cumulative 
percentage of controllers installed.  This graph illustrates the southern California distribution 
events (many controllers given out at one time).  It also shows the 2003-04 installations in Los 
Angeles.  Since a full year of post-installation data were required to include a site in the impact 
analysis, the more recent install dates in northern California were not included.  This figure 
provides graphical explanation for why only about 308 smart controller sites from that region 
could be included.  Any controllers installed after June 2007 would not have been in the field 
long enough for sufficient post-installation data to be provided to impact analysis team.  
However, the grant funding agreements with DWR specify that post-installation data shall be 
collected for five years after installation, so there should be ample opportunity to evaluate the 
impact of all the smart controllers installed through these programs. 
 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management                52  

0

50

100

150

200

250

300

350

400

450

500

M
ay

-0
2

N
ov

-0
2

Ju
n-

03

D
ec

-0
3

Ju
n-

04

Fe
b-

05

Au
g-

05

Fe
b-

06

Au
g-

06

Fe
b-

07

Au
g-

07

Si
te

s 
(m

on
th

ly
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

C
um

ul
at

iv
e 

Pe
rc

en
ta

ge

NCAL SCAL NCAL cumulative pct SCAL cumulative pct  
Figure 9: Smart controller installation date by region 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management                53  

CUSTOMER SATISFACTION SURVEY RESULTS FROM CALIFORNIA 
SMART CONTROLLER PROGRAMS 

 
The results from the customer survey related to customer satisfaction are described in this 

section. Survey response rates are presented earlier in the report in Table 4.  A complete set of 
results can be found in Appendix F. Some questions were asked of respondents about the type of 
landscaping on their property or the types of repairs made to the irrigation system at the time of 
installation or after installation. These questions were asked to determine whether these factors 
might be associated with observed changes in water use. None of these factors were found to be 
associated. 

Respondent property and controller types  
Nearly all of the surveys came from residential customers; 96% of respondents reported 

that the smart controller was installed in a single-family private residence (see Table 13). The 
survey respondents were more heavily weighted towards residential customers while the 
customers receiving a smart controller included many more non-residential customers. Among 
the customers for who water billing data were available (not just those who completed a survey), 
85% were residential customers.  

Table 13: Type of property where smart controller installed 
Is the property where the smart controller was 
installed a . . . 

Percent of 
Respondents 

Number of 
Respondents 

single-family private residence 95.6% N=1222 
multi-family housing complex 1.6% N=20 
park, playground or median 1.3% N=17 
commercial, industrial or institutional property 1.5% N=19 
Total 100.0% N=1278 
 

Respondents were asked whether their controller had an external sensor. Most (82%), 
replied that it did, with 10% saying that it did not, and another 8% answering they were unsure. 
Those who did have an external sensor were asked what type they had. The most common types 
among those with sensors were rain sensors (78%), temperature sensors (22%) and solar sensors 
(13%, see Table 14). About 8% of respondents were unsure what type of sensor was on their 
controller. 
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Table 14: Type of sensor, according to customer 
What type of sensor(s) is it? Percent of Respondents Number of Respondents
Rain sensor 78.0% N=622 
Temperature sensor 22.3% N=178 
Solar sensor 13.0% N=104 
Soil moisture sensor 3.1% N=25 
Don't know 8.4% N=67 
Other 2.6% N=21 
Total* 100.0% N=797 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

 

Those completing the questionnaire were asked when they thought they would recover 
the costs of purchasing and installing the smart controller. About three-quarters said there were 
no costs, as the controller and installation were free. Among the other one-quarter of 
respondents, about half thought it would take between two to four years, while about 25% 
thought it would only take one year, and the remaining 25% thought it would take 5 years or 
more. 

Table 15: Expectations of cost recovery 
By when, if at all, do you expect to recover the costs of 
purchasing and installing the smart controller? 

Percent of 
Respondents 

Number of 
Respondents 

more than 5 years 6.2% N=79 
about 4 years 2.9% N=37 
about 3 years 4.4% N=57 
about 2 years 4.9% N=63 
about 1 year 5.7% N=73 
no costs -- smart controller and installation were free 75.9% N=972 
Total 100.0% N=1281 

 

For a majority of respondents (55%), the reason they selected the type of weather-based 
irrigation controller they installed was that it was the only type offered through the smart 
controller program in which they participated. Otherwise, price was the most compelling reason, 
mentioned by 20% of respondents, followed by receiving a recommendation or the controller’s 
features. 
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Table 16: Reasons for selecting type of controller 
What influenced you to select your particular 
irrigation controller model? 

Percent of 
Respondents 

Number of 
Respondents 

Only one offered on rebate, voucher, or exchange 
program 

54.7% N=727 

Price 20.1% N=267 
Recommendation 16.3% N=216 
Features 15.7% N=209 
Helped me set correct schedule 7.7% N=102 
No fee for signal 6.7% N=89 
Advertising 5.6% N=75 
Other 10.4% N=138 
Total* 100.0% N=1328 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

Most respondents (87%, data not shown) reported they had not chosen a controller model 
for which a signaling fee was required. Some respondents (generally those who had a choice of 
controller) were asked whether the signaling fee impacted their decision of the choice of 
controller. About half (48%, see Table 17) indicated the signal fee did not influence their 
decision. Some respondents (12%) felt the potential benefits of the controller with a fee 
outweighed the associated costs. Others (25%) chose a model without the fee because they felt 
the fee would be too expensive in the long term.  

Table 17: Influence of signaling fee on choice of controller 
Did a signaling fee influence your choice of controller? Percent of 

Respondents 
Number of 
Respondents 

Signal fee did not impact my decision 48.4% N=179 
I chose a controller with signal fee because the potential 
benefits outweigh the extra cost 

11.9% N=44 

I chose one without a signal fee because the fee makes 
the controller too expensive over the long term 

25.4% N=94 

The water agency is paying for the signaling fee 10.5% N=39 
Other reason(s) 8.9% N=33 
Total* 100.0% N=370 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

Those respondents who had controllers with an associated signaling fee were asked 
whether they thought they would continue to pay the fee after the program ended. About half 
(48%, see Table 18) indicated that they would not continue to pay the fee.  Failure to continue 
the signaling fee would transform signal-based smart controllers into a conventional controller.  
Although the results from Table 18 are only based on 46 respondents, the high percentage of 
customers indicating they will not continue to pay the signaling fee after the program ends is of 
concern and this should be the subject of follow-up research during the on-going program 
monitoring effort. 
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Table 18: Likelihood of continuing to pay signaling fee 
Will you continue to pay for it after the program 
ends? 

Percent of 
Respondents 

Number of 
Respondents 

Yes 19.6% N=9 
No 47.8% N=22 
not sure 32.6% N=15 
Total 100.0% N=46 
 

Participation in the smart controller program 
When asked how they had heard of the smart controller program in which they had 

participated, most respondents replied they had learned of it through a utility bill insert (38%, see 
Table 19). Other common methods included newspaper article (19%), word of mouth (16%), a 
landscape education class (15%) and through a solicitation letter (13%). 

Table 19: Methods by which respondents’ heard of smart controller programs 
How did you hear about the smart controller 
program? 

Percent of 
Respondents 

Number of 
Respondents 

Utility bill insert 38.4% N=501 
Newspaper article 18.5% N=241 
Friend, neighbor or coworker 16.0% N=209 
Landscape education class (e.g. "Protector del Agua") 14.5% N=189 
Solicitation letter 12.7% N=166 
Newspaper advertisement 6.4% N=83 
Irrigation contractor/professional 4.7% N=62 
A public service announcement on the radio or television 1.7% N=22 
Other 1.4% N=18 
Lawn maintenance service 0.5% N=7 
Total* 100.0% N=1306 
*Actual totals will equal more than 100% as respondents could give more than one answer 
 

The most frequently mentioned reasons given for installing a smart controller, named by 
more than half of respondents, included that it was free, to increase water efficiency, and to 
avoid having to change the scheduling program with weather changes (see Table 20). The 
perceived benefits of the smart controller included water-efficiency, cost-efficiency and the 
savings in time and effort (see Table 21). 
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Table 20: Reasons for installing smart controllers 
Why did you (or the organization for which you work) 
decide to install a smart controller? 

Percent of 
Respondents 

Number of 
Respondents 

It was free 65.1% N=871 
Water efficiency for myself or my organization 57.3% N=766 
Automatic scheduling to avoid changing the program 
when weather changes 

51.5% N=689 

Environmental benefits 48.1% N=643 
Saves money 46.0% N=615 
There was a controller exchange program 43.5% N=648 
To avoid watering during rainstorms 45.1% N=603 
Liked the new technology 36.2% N=484 
Improved landscape health/benefit 31.2% N=417 
Saves time and effort 30.6% N=409 
Incentive program offered by the utility 26.1% N=349 
Needed a new controller 12.4% N=166 
Other 3.4% N=45 
Total* 100.0% N=1337 
*Actual totals will equal more than 100% as respondents could give more than one answer 
 
 
 
 
Table 21: Perceived benefits of smart controllers 
Which, if any, of the following do you perceive as a 
benefit of having a smart controller? 

Percent of 
Respondents 

Number of 
Respondents 

Water-efficient 80.7% N=1012 
Saves time and effort 52.7% N=661 
Saves money 49.0% N=614 
Cost-efficient 37.4% N=469 
Improves the health of the landscape 34.9% N=438 
Makes programming the settings easier 33.5% N=420 
Other 7.1% N=89 
Total* 100.0% N=1254 
*Actual totals will equal more than 100% as respondents could give more than one answer 
 

Customer satisfaction with smart controller 
One of the primary purposes of the survey was to learn about customers’ experiences 

with the weather-based irrigation controller technology. Nearly 8 in 10 customers reported they 
were “somewhat” or “very” satisfied with their smart controllers, with nearly half (46%) 
indicating they were “very satisfied” (see : ). 
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Figure 10: Satisfaction with smart controller 

 

To determine customers’ perceptions about the impact of the technology on their 
landscape watered by the irrigation system for which the smart controllers were installed, 
respondents were asked to rate the health of the impacted landscape before and after installation 
of the controllers. A small positive impact was seen; 71% of respondents rated the health of their 
landscape before installation of the controllers as “excellent” or “good” compared to 83% who 
rated the health of their landscape as “excellent” or “good” after installation of the controllers 
(see Figure 11).  
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After
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Percent of respondents
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Figure 11: Ratings of health of landscape before and after installation of the smart 

controllers 

 
A series of four statements relating to their experiences with smart controllers were 

presented to those completing the questionnaire. Respondents were asked to what extent they 
agreed or disagreed with each statement. In general, respondents reported positive experiences. 
Three-quarters agreed that the controllers performed without any glitches (see Figure 12). Two-
thirds of those who had experienced glitches said the glitches had been resolved. Nearly 8 in 10 
thought the smart controller has helped them save water, while 83% believe smart controllers are 
labor-saving devices. 
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Figure 12: Ratings of experience with smart controllers 

 
When asked to compare their new smart controller to their old one, many more 

respondents rated the smart controller as “better” than rated it as “worse” on each of the aspects 
rated (see Table 22). However, “understanding how to use it” was rated as “worse” by 28% of 
respondents (although 43% rated it as “better”). 

 

Table 22: Ratings of smart controller compared to previously-used controller 
How would you rate 
each of the following 
characteristics of your 
new smart controller 
compared to your old 
controller? 

much 
better 

somewhat 
better 

about 
the 

same 

somewhat 
worse 

much 
worse 

not 
applicable 

Total 

Reliability 29.1% 21.7% 36.8% 4.3% 5.2% 3.0% 100.0% N=1287 
Performance of the 
controller (how well it 
waters the landscape) 

35.9% 25.7% 26.8% 4.5% 4.4% 2.7% 100.0% N=1286 

Water-efficiency of the 
controller (uses less 
water) 

40.8% 29.0% 17.1% 4.4% 4.6% 4.0% 100.0% N=1260 

Understanding of how to 
use it 

19.7% 23.7% 26.3% 17.3% 10.5% 2.5% 100.0% N=1290 

Ease of use overall 25.9% 26.5% 22.8% 13.9% 8.3% 2.6% 100.0% N=1284 
Ease of programming the 
watering schedule 

23.7% 23.8% 21.7% 16.7% 11.4% 2.7% 100.0% N=1288 
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Customer Satisfaction with the Installation and Maintenance Process 
Respondents were asked who had installed and set-up their new smart controller. Most 

(62%, see Table 23) had installed the controllers themselves. A series of questions about the 
installation and set-up process were then posed. Some of the questions were asked only of those 
whose controllers had been installed by the manufacturer or by the water utility, while some 
were asked only of those who had handled installation themselves (even if they had hired 
someone or used their own staff). In general, respondents felt the installation process went fairly 
smoothly (see Figure 13). The lowest ratings were given to understanding the programming 
instructions and setting the irrigation schedule; 69% of respondents who installed the controller 
themselves agreed that it was “easy to understand the smart controller programming instructions” 
and only 44% felt “setting the irrigation schedule was easy.” Overall, 85% of respondents 
reported they at least somewhat agreed that they were pleased with the installation and set-up 
process. Few differences were found in the ratings by the type of installation, although those 
whose controllers were installed by the manufacturer or utility were somewhat more likely to 
report having problems with the smart controller since installation (58%) than were those who 
installed the controllers themselves (35%). This may be because manufacturer or utility 
installations were more likely to have taken place on larger commercial properties. 

 

Table 23: Type of installation 
Who installed and set-up your new smart controller? Percent of 

Respondents 
Number of 
Respondents 

Self 61.7% N=780 
Other family member 6.0% N=76 
Manager or owner’s staff 1.7% N=22 
Manager or owner’s hired 
contractor/electrician/handyman 

8.2% N=104 

A manufacturer representative 2.1% N=26 
A professional installer from the water utility 11.4% N=144 
Other 8.1% N=102 
A landscape contractor .9% N=11 
Total 100.0% N=1265 

 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management                61  

85%

66%

40%

82%

96%

78%

91%

30%

78%

91%

80%

37%

44%

69%

92%

26%

86%

0% 20% 40% 60% 80% 100%

Overall, I was pleased with the installation and set-up
process

The problems with the smart controller have been
resolved (if applicable)

There have been problems with the smart controller since
installation

The smart controller worked immediately after it was
installed and set-up

The smart controller was installed where I wanted it to be

The irrigation schedule set-up seemed appropriate for the
landscape being watered**

The installer did a professional job**

The installer could not answer my questions about the
smart controller**

The installer provided a good explanation of the smart
controller**

The installer showed up on time**

It was easy to schedule the appointment to install the
smart controller**

Setting the irrigation schedule was difficult*

Setting the irrigation schedule was easy*

It was easy to understand the smart controller
programming instructions*

I was able to successfully install the smart controller*

It was difficult to install the smart controller*

The installation instructions were clear*

Percent of respondents "somewhat" or "strongly" agreeing (don't knows removed)
 

Figure 13: Ratings of the installation and set-up process 
* Asked only of those who installed the controller themselves  
** Asked only of those whose controllers were installed by the manufacturer or the water utility. 
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In general, it took respondents very little time to install and set-up their smart controllers; 
the average time needed was 2 hours and 44 minutes (see Table 24). Most respondents (71%) felt 
the amount of needed was about right (see Figure 14). About 2 in 10 respondents felt the amount 
of time needed was somewhat or far too long. 

Table 24: Amount of time needed for installation and set-up of controllers 
How long did the installation 
and set-up of the smart 
controller take? 

Avg. 25th 
Percentile 

Median  
(50th 
Percentile) 

75th 
Percentile 

Max. N 

How long did the installation 
and set-up of the smart 
controller take? 

2:44 1:00 2:00 3:00 45:00 N=1032 

 

 

How would you rate the amount of time the installation of the 
smart controller took?

don't know, 9%

far too long, 
5%

somewhat too 
long, 15%

about right, 
71%

 
Figure 14: Rating of amount of time needed for installation 

 
Respondents were asked whether they had needed to ask for assistance with the 

installation process or set-up of the irrigation schedule. Nearly 4 in 10 (39%) said they had asked 
for assistance. Of these, 60% said someone had come out to the site to assist them. In general, 
respondents who received assistance were quite satisfied with the assistance received; nearly 6 in 
10 were “very” satisfied, and another 2 in 10 were “somewhat satisfied (see Figure 15). About 2 
in 10 were at least somewhat dissatisfied, or did not feel they could give an opinion. 
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Figure 15: Satisfaction with installation or set-up assistance received 

 

About a third of respondents who had installed the smart controllers themselves (or had 
someone do it on their behalf) said they called the smart controller manufacturer for technical 
support on installation or setting the irrigation schedule (29%, data not shown). Just over half of 
these respondents rated the support they received as excellent (52%, see Figure 16). About 1 in 
10 respondents rated the support as only “fair” and another 1 in 10 as “poor.” 

 

poor, 11%
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good, 26%
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Figure 16: Rating of support received from smart controller manufacturer 
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When asked whether they had followed the manufacturer’s instructions for setting the 
watering schedule for the smart controller, most respondents who had installed the controller 
themselves (or had someone do it on their behalf) reported they had done so (85%, data not 
shown). Those who had not followed the manufacturer’s instructions were asked how they had 
programmed the controller. The most common changes were to the schedule or to the landscape 
information (see Table 25). 

 

Table 25: Types of changes made in programming smart controller schedule 
How did you program the smart controller schedule? 
(if did not follow manufacturer's instructions 

Percent of 
Respondents 

Number of 
Respondents 

Changed the schedule 48.7% N=76 
Changed the site information 10.9% N=17 
Changed the weather input 5.1% N=8 
Changed the landscape information 23.7% N=37 
Other 25.6% N=40 
Total 100.0% N=156 

 

When self-installers were asked how confident they were that the irrigation schedule set 
for the smart controller was correct, about 4 in 10 were “very” confident, while another 4 in 10 
were “somewhat” confident (see Figure 17). The remaining 2 in 10 were not very confident, or 
did not know. 
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Figure 17: Respondents’ confidence in irrigation schedule 

 
About two-thirds of respondents who had had their controller installed by another party 

such as a landscape professional, the manufacturer, or water utility reported they had changed the 
programmed watering schedule since installation (69%, data not shown). The most common 
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reason given for changing the program were that the controller underwatered (52%), although 
31% changed the programming because the controller overwatered (see Table 26). 

 

Table 26: Reasons for changing the watering schedule 
Why did you change it? Percent of 

Respondents  
Who Had 
Changed 
Programming 

Number of 
Respondents  
Who Had 
Changed 
Programming 

It underwatered 51.9% N=56 
It overwatered 30.6% N=33 
I didn’t trust its performance 13.9% N=15 
Other 20.4% N=22 
Total* 100.0% N=108 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

Those who had changed the programming were asked how easy or difficult it was to 
change the programming. Over half (51%, see Figure 18) felt it was at least “somewhat” easy. 
About a third thought it was at least somewhat difficult. 

 

very difficult, 15%
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Figure 18: Ease of changing programming by respondents who had changed it 

 
About 2 in 10 (22%, data not shown) of respondents had called the smart controller 

manufacturer for technical support in the previous year. About 1 in 10 (12%, data not shown) 
had called the water utility for technical support previous year. Ratings of the support received 
were generally positive, with about three-quarters of respondents rating each as “excellent” or 
“good” (see Figure 19 and Figure 20). 
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Figure 19: Ratings of support received from manufacturer 
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Figure 20: Ratings of support received from the utility 

 

Customer Satisfaction with Smart Controller Programs 
Customer satisfaction with the utilities’ smart controller programs was assessed through 

the questionnaire. Respondents were asked how satisfied or dissatisfied they were with various 
aspects of the smart controller program offered by their local water utility. Satisfaction ratings 
were very high, with 81% or more of respondents at least “somewhat” satisfied with each aspect 
included on the questionnaire (see Figure 21). 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management                67  

81%

90%

93%

94%

95%

95%

96%

0% 20% 40% 60% 80% 100%

The amount of information available about choosing a
controller

The amount of information provided about the smart
controller program

The “turn-around” time from my first contact to installation
of the smart controller

The ease of completing the smart controller program
paperwork

The helpfulness of the local water utility staff when I first
contacted them about the program

The helpfulness of the staff throughout the entire process

The amount of the voucher, rebate or other financial
incentive

Percent of respondents "somewhat" or "very" satisfied (don't knows removed)
 

Figure 21: Ratings of smart controller programs 
 

The smart controller program was successful in incenting people to try a weather-based 
irrigation controller who might not otherwise have done so; about two thirds (66%, see Table 27) 
of respondents said they would have been somewhat or very unlikely to purchase the controller 
without the incentive offered by their water utility. However, respondents were happy with the 
programs; more than 8 in 10 said they would be somewhat or very likely to recommend the 
smart controller program to a neighbor, friend or co-worker. About the same proportion would 
also recommend the smart controller itself. 
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Table 27: Likelihood of recommending smart controller 
How likely or 
unlikely  
would you . . . 

very 
likely 

somewhat 
likely 

somewhat 
unlikely 

very 
unlikely

don't 
know 

Total 

have been to purchase 
the controller without 
the rebate, voucher or 
other incentive 
program offered by 
your water utility? 

6.9% 23.0% 26.8% 38.8% 4.5% 100.0% N=1316

be to recommend the 
smart controller 
program to a 
neighbor, friend or 
co-worker? 

53.9% 28.3% 6.2% 10.0% 1.7% 100.0% N=1320

be to recommend a 
smart controller to a 
neighbor, friend or 
co-worker? 

49.7% 30.1% 7.6% 10.9% 1.7% 100.0% N=1293

 

It should be noted that some blank questionnaires were returned to NRC. On many of 
these surveys, the recipient had made some comment about why they were unable or unwilling to 
complete the questionnaire. These comments were classified into a few categories, and are 
summarized in Table 28 below.  On 22 of the 57 blank returned surveys (40%), recipients 
commented that they had not yet installed the controller, but were likely to do so in the future. A 
few others had never installed the controller and were not planning to do so. Several mentioned 
that the instructions were confusing or they found it too difficult to install (10 recipients), while a 
few others felt it was too costly to install (3 recipients). Some had issues with the way the 
controller worked and so declined to install it. A few had installed the controller, but did not like 
the way it worked. Some people had installed the controller but had subsequently removed it 
because of how it worked (8 recipients).  
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Table 28: Comments received on surveys returned blank 
Comment on Returned Blank Survey Percent of 

Respondents 
Number of 

Respondents 
Because of life events, did not install 39% N=22 
Too difficult to install/instructions confusing 18% N=10 
Removed because did not like the way it 
worked 

12% N=7 

Too costly to install 5% N=3 
Did not install because of issues with the 
way it worked 

5% N=3 

Don't like the way it works 4% N=2 
Removed because was watering too little 2% N=1 
Bad experience with installation 2% N=1 
Other 14% N=8 
TOTAL 100% N=57 
 

Recommendations to WBIC manufacturers and water utilities 
The final two questions contained on the survey asked respondents to write, in their own 

words, what improvements they would recommend to the manufacturer of their smart controllers 
and what improvements they would recommend to water utilities for the smart controller 
programs.  A summary of the comments are provided in Table 29 and Table 30 below. 

 
A wide variety of comments were made by those responding to these questions. The most 

common themes are identified in the tables below. Many respondents (12% of those making a 
comment, see Table 29) reported that they had no recommendations to make to the 
manufacturers; they were satisfied with the product. Those who did have suggestions were likely 
to suggest improvement of the manual or instructions (15.5%) or to make the device easier to use 
(13.6%). A few (9.5%) reported that their controller was not working or was broken. 

 
A significant portion of those making a comment about recommendations for the water 

utilities said they were satisfied with the programs and had no recommended changes (14.0%, 
see Table 30). Some recommended improved customer or technical support (10.2%), while 
others suggested that additional advertising or promotion of the programs should be undertaken 
(9.1%). Others used this section to repeat comments or complaints about their smart controller. 
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Table 29: Respondent recommendations to WBIC manufacturers 
What improvements, if any, would you 
recommend to the manufacturer of your 
smart controller? 

Percent of 
Respondents 

Number of 
Respondents 

Improve manual/instructions 15.5% N=83 
Simplify the device/programming 13.6% N=73 
Satisfied/no changes 12.1% N=65 
Not working/broken 9.5% N=51 
Customer/tech support needs improvement 4.9% N=26 
Controller overwaters/underwaters 3.9% N=21 
Controller problems/controllers need 
improvement 

3.0% N=16 

Don't Know 0.7% N=4 
Other 36.8% N=197 
TOTAL 100.0% N=536 
 
 
Table 30: Respondent recommendations to water utilities 
What improvements, if any, would you 
recommend to the water utilities for the 
smart controller program? 

Percent of 
Respondents 

Number of 
Respondents 

Satisfied/no changes 14.0% N=74 
Customer/tech support needs improvement 10.2% N=54 
Advertising/promoting 9.1% N=48 
Not working/broken 8.5% N=45 
Improve manual/instructions 8.3% N=44 
Simplify the device/programming 7.9% N=42 
Controller problems/controllers need 
improvement 

3.4% N=18 

Controller overwaters/underwaters 2.5% N=13 
Don't Know 1.1% N=6 
Other 35.0% N=185 
TOTAL 100.0% N=529 
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 IMPACT EVALUATION OF CALIFORNIA SMART CONTROLLER 
PROGRAMS 

Introduction  

 The impact evaluation of the California Smart Controller Programs was designed to 
answer important questions about installation and performance of this technology.  The impact 
evaluation was divided into three sections: 
 

1. Descriptive and validatory statistics 
2. Multiple regression modeling 
3. Cost-effectiveness analysis 

 
The descriptive and validatory statistics section presents a picture of what controller 

products were analyzed, how and where they were installed, the landscape area at the study 
sites15, the water use of the participants before and after installation, climate conditions before 
and after installation, irrigation application rates before and after, and the weather-normalized 
change in application rate after installation of the smart controllers.  The weather-normalized 
change in application rate is the fundamental measurement of water savings utilized in this study. 
 

Multiple regression analysis was used to determine the factors that did and did not 
influence changes in water use.  Multiple regression analysis was also used to compare the 
performance of different smart controller technologies on a level playing field because factors 
that were shown to influence water use could be controlled for as much as possible.  All analyses 
that involved a comparison of one or more factors or groups were completed through the 
multiple regression effort. 
 

The cost-effectiveness analysis was conducted from two perspectives: (1) the water 
utility; and (2) the end user or customer.  For the water utility perspective, cost-effectiveness 
analysis was used to determine the incentive levels that could be reasonably justified for a water 
utility based on the water savings measured in the study.  From the customer perspective, cost-
effectiveness analysis was used to determine the reasonable level of customer investment given 
the anticipated water and cost savings from smart controllers.  Other benefits of the smart 
controller such as convenience and improved landscape health are difficult to quantify in dollar 
terms, but are also discussed. 
 

Every effort was made to ensure that the results presented in this report are objective and 
accurate.  All impact analyses were conducted in a scientific and impartial manner without any 
preconceived notions about what the findings would or should be.  In order to maximize the 
objectivity of the analyses the make and model of each controller was encrypted  so that that the 
researchers did not know which controller achieved any level of savings until the final 
preparation of the report.  The research team has made efforts to identify both the weaknesses 
and strengths of different analyses and to bring these to the attention of the reader.  The 
                                                 
15 The landscape areas were supplied by the water districts based on their best information, and were not verified by the 
consultants as part of this study. 
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researchers have called out areas where the potential for errors in the data exist.  Sensitivity 
analysis was conducted to examine variations in key factors like Evapotranspiration (differing 
methodologies treat precipitation and crop coefficients differently).  These results are also 
presented in this section. 

 
Water use data included in this study was from monthly or bi-monthly billing records.  

Consequently, this study focused on annual use, and did  not examine of how the controllers 
distribute irrigation events through shorter time interval than a year  (i.e. frequency and duration 
or irrigation run times for periods of days or weeks).  With such coarse data it is possible that a 
controller might apply an amount of water close to the theoretical irrigation requirement over the 
course of a month or two, but within a given week the irrigation run times might not be 
distributed properly to avoid frequent shallow watering.  While the distribution of irrigation 
events through time could not be examined in this study, it is potentially significant in the way 
smart controllers can affect overall plant health over time and should be the subject of further 
investigation. 
 

The research team has worked to be thorough and careful, but it must be understood that 
errors are always a possibility.  Any errors that are found after the publication of this report 
should be reported to the research team will be corrected promptly and if necessary, errata will 
be published. 

 

Descriptive and Validatory Statistics from California Smart Controller 
Programs 

 The presentation of descriptive and validatory statistics about the California Smart 
Controller Programs provides a picture of what controller products were installed, what class of 
customers installed the products, where they were installed, how they were installed, the irrigated 
area of participating sites, the theoretical irrigation application requirement at these sites, and the 
actual irrigation application before and after the installation.    
 

Determining the water savings achieved by these devices, a fundamental goal of this 
study, is part of the impact evaluation and is shown in this report section.  Where specified, 
changes in water use have been adjusted to reflect changes in climate conditions during the pre- 
and post-installation years.  For some analyses in this study, such as determining the factors that 
influenced changes in water use and comparing performance of different smart controller 
technologies, multiple regression analysis was performed.  Those results are presented in a 
subsequent section of this report. 
 

There were more smart controllers installed through the DWR grant programs than are 
included in the impact analysis presented here. Only smart controller sites where complete 
fundamental data were provided (such as a full year of pre- and post- installation water use, 
landscape area, pre- and post-installation ET rates, and basic controller information) were 
included in the impact analysis.  The DWR grant agreement calls for on-going monitoring of 
smart controller sites for five years after installation so additional results from sites not included 
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in this analysis and information on the longer-term performance of these technologies will be 
available in years to come. 
 

Statistical analysis was completed on three fundamental levels: local (by agency), 
regional, and statewide (northern & southern Program, and combined).  Some results are also 
presented by manufacturer, product, installation method, and customer class. 

Smart Controller Products Included In Evaluation 
 Smart controllers produced by 14 different manufacturers were included in the impact 
analysis.  A listing of these controller products, the number of sites where the technology was 
installed, and basic information about the smart control technology is provided in Table 31.  
More detailed information about the smart controller products installed though the California 
Smart Controller Programs is provided in an earlier section of this report and extensive 
information about each type of smart controller in the study is provided in Appendix A. 

Installation Method 
 The California Weather-Based Irrigation programs used a wide variety of methods to 
distribute and install smart control technologies across different climate zones and customer 
categories.  A summary of the number of installations included in the impact analysis by 
installation method, climate zone, and customer category are presented below in Table 32, Table 
33, Table 34, and Table 35. 
  
 A summary by installation method is presented in Table 32.  Among the sites included in 
the impact analysis, 59.9% were designated as self-installed and 40.1% were designated as 
Professional/Utility installed.  Installation method is not a precise designation as it is not always 
known who actually installed or most importantly programmed the controller.   
 

• Self-Installed - Sites designated as Self-Installed indicate the customer was solely 
responsible for installing and programming the controller. However, at self-installed 
sites, the customer could easily have hired someone to perform these tasks without the 
knowledge of the agency or the evaluation team.   

 
• Professionally Installed - Sites designated as Professional/Utility installed indicate that 

the controller was installed and/or programmed by an irrigation professional, utility 
representative, or other party besides the customer.  This category includes sites where a 
landscape professional completed all aspects of the installation and sites where the 
customer physically mounted the clock and a utility representative inspected the 
installation, reviewed the program, and potentially made changes to the controller set up.  
Not enough information was available to the evaluation team to distinguish further 
between these installation methods. 
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Table 31: Smart controller manufacturers included in the impact analysis 

Manufacturer Weather data source 
Station or 

zone 
capacity 

SWAT test 
performance 

report available 

Number of 
controller sites in 
impact analysis

Accurate WeatherSet On-site solar and rain 
sensors 8-48 No 342 

Aqua Conserve Historic ET curves with 
onsite temperature sensor 6-66 Yes 288 

Calsense Onsite ET sensor.  
Soil moisture sensor 8-48 Yes 17 

ET Water Systems 
Public and ETWS weather 
station data managed by 

centralized computer 
1-48 Yes 94 

Hunter Industries On-site weather station with 
full set of sensors 1-48 Yes 44 

HydroPoint Weather 
TRAK 

Public and Private Weather 
stations managed by central 

computer and wireless 
delivery 

6-48 Yes 537 

Irritrol Systems 
Public weather stations data 

managed by centralized 
computer server 

6-24 Yes 37 

Rain Master 

Automatic, historic or 
manually entered ET or 
optional on-site weather 

station 

6-36 Yes 22 

Toro Company 
Public weather station data 

managed by central 
computer server 

6-24 Yes 68 

Weathermatic 

On-site temperature and 
rain sensors and solar 

radiation estimated based 
on location 

8 to 48 Yes 838 

Various: Acclima, 
HydroEarth, Lawn 

Logic, Nelson 
Various Various Acclima – Yes 

Others - No 7* 

*Controllers installed at fewer than 15 sites were included in the overall impact analysis, but not in analysis by brand because of 
the lack of sample size and hence statistical validity. 
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Table 32: Installation method summary of impact analysis sites  

Installation Method # of Sites % 
Self-Installed* 1,375 59.9% 
Professional/Utility** 919 40.1% 

*Customer was responsible for installing the controller.  They could have hired someone else to do it, but this 
information is not known. 
**Controller was installed and/or programmed by an irrigation professional, utility representative, or other party 
besides the customer.  
 

Climate Zones Where Controllers Were Installed 
 The California Irrigation Management Information System (CIMIS) is a program in the 
Office of Water Use Efficiency (OWUE), California Department of Water Resources (DWR) 
that manages a network of over 130 automated weather stations in the state of California. CIMIS 
was developed in 1982 by the California Department of Water Resource and the University of 
California at Davis to assist California’s irrigators manage their water resources efficiently. 
CIMIS weather stations are located in 18 different ET zones throughout California.  For the 
purposes of this study, smart controller sites were located in a climate zone based upon the 
nearest CIMIS station.  Stations located in CIMIS zones 1, 2, or 3 were designated as coastal.  
Stations located in CIMIS zones 4, 5, or 6 were designated as intermediate.  Stations located in 
CIMIS zones 7 or higher were designated as inland.  A map of California showing the different 
CIMIS ET zones is provided in Appendix C. 
 
 A summary of smart controller sites included in the impact analysis by climate zone is 
presented in Table 33.  Among the sites included in the impact analysis, 28.6% were located in 
the coastal ET zone, 62.9% were located in the intermediate climate zone, and 8.5% were located 
in the Inland climate zone. 
 

Table 33: Climate zone summary of impact analysis sites 
Climate Zone # of Sites % 
Coastal 655 28.6% 
Intermediate 1,444 62.9% 
Inland 195 8.5% 

 

Water Customer Categories 

 Table 34 shows the number and percentage of smart controller sites included in the 
impact analysis by customer category.  Three distinct customer categories could be adequately 
identified for all impact analysis sites: (1) Single-family residential; (2) Multi-family, 
Commercial, and Other Non-residential; and (3) Irrigation only.  A large majority (86.6%) of the 
impact analysis smart controller sites were single-family residential.  Only 12.9% of the sites fell 
into the non-single-family catch-all category that included multi-family residential properties, 
commercial sites, and other non-residential accounts.  Dedicated irrigation accounts accounted 
for 0.5% of the total. 
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Table 34: Customer category summary of impact analysis sites 

Type of Site All Sites 
Northern 

Sites 
Southern 

Sites 
Single-Family Residential 1,987 295 1,692 
Multi-Family, Commercial, and Other 
Non-Residential 296 105 191 

Irrigation only 11 11  
Total 2,294 411 1,883 

 
 Table 35 summarizes the results of the previous analysis into a single table.  Residential 
sites in the intermediate climate zone with self-installed smart controllers accounted for 41% of 
the total and professionally installed controllers in this category accounted for 12.1% of the total.  
About half of the commercial controllers were professionally installed in the intermediate 
climate zone. 
 
Table 35:  Smart controller installations by customer category, climate zone, and 
installation method 

Customer Category 
Climate 
Zone Install Method # of Sites % 

Professional 33 1.4% Coastal 
Self 33 1.4% 

Inland Professional 8 0.3% 
Professional 146 6.4% 

Commercial, Multi-
Family, Other Non-
Residential 

Intermediate 
Self 76 3.3% 

Coastal Self 2 0.1% Irrigation 
Intermediate Professional 9 0.4% 

Professional 295 12.9% Coastal 
Self 291 12.7% 
Professional 150 6.5% Inland 
Self 37 1.6% 
Professional 278 12.1% 

Residential 

Intermediate 
Self 935 40.8% 

 

Water Agency 
 Data on the smart controllers included in the impact analysis for each of the participating 
water agencies are provided in Table 36. The number of sites included in the impact analysis, the 
installation method, and the type of property where the installation occurred are tabulated.  Sites 
in northern California were more likely to be classified as professionally installed.  Northern 
utilities strived to inspect each installation and make adjustments to the controller programming 
as appropriate.  The large majority of smart controllers (approximately 82%) were placed in sites 
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in southern California where distribution programs were more effective at getting a larger 
number of controllers into the field in time to be included in this evaluation. 
 
 The Los Angeles Department of Water and Power (LADWP), San Diego County Water 
Authority, Foothill Municipal Water District, and East Bay Municipal Utility District (EBMUD) 
had the most smart controller sites.  Combined these four agencies accounted for more than 60% 
of all the installations in the study. 
 

Controller Brand and Region 
 A listing of the various brands of smart controller included in the study and the regions 
where they were installed is presented in Table 37.  Weathermatic, HydroPoint (including Toro 
and Irritrol), Accurate WeatherSet, and Aqua Conserve were the most commonly installed 
technologies across the study, accounting for about 92% of all installations.  These technologies 
accounted for approximately 64% of the installations in northern California and 98% of the 
installations in southern California.  Smart control technology manufactured by ET Water and 
Hunter accounted for about 33% of the installations in northern California.  Technologies 
installed on fewer than 15 sites in the study were included in the overall analysis, but not 
included in water use comparisons by brand because of the lack of statistical reliability 
obtainable from such a small sample size. 
 
Table 36: Installation and Site Classification for Participating Water Agencies 

Site Classification 
Commercial Irrigation Residential 

Installation Method 
Site Location # of Sites Pro. Self Pro. Self Pro. Self 
ACWD 5 1    1 3
Burbank 76       76
CCWD 32 5    27  
Eastern 87 48 39      
EBMUD 333 38 41 9 2 113 130
Foothill 245       245
Glendale 109       109
Goleta 26 8    18  
Inland Empire 186       186
LADWP 477 16    366 95
Pasadena 17  17      
Santa Barbara 73 15    58  
Santa Monica 71 2    44 24
SCV 34 15 2   14 3
SCWA 7 3    3 1
SDCWA 401  10     391
Western 115 36    79  
Total 2294 187 109 9 2 723 1263
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Table 37: Number of Controller Sites by Region and Brand* 
Number of Controller Sites Controller Brand All Sites Northern Sites Southern Sites 

Acclima 1 1  
Accurate WeatherSet 342 3 339 
Aqua Conserve 288 52 236 
Calsense 17 1 16 
ET Water 94 93 1 
Hunter 44 44  
HydroEarth 2   2 
HydroPoint 537 52 485 
Irritrol 37 34 3 
LawnLogic 1 1  
Nelson 3 1 2 
Rain Master 22 5 17 
Toro 68 42 26 
Weathermatic 838 82 756 
*Only sites included in the impact analysis 
 
 
 Table 38 shows the number of controller sites at each participating water agency by 
brand.  Some agencies such as the Contra Costa Water District included a wide variety of 
different smart controller technologies in their program.  Contra Costa had 10 different brands of 
controllers installed.  Inland Empire by comparison had only two different brands of smart 
controller installed on sites within its service area and Pasadena only utilized one technology. 
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Table 38: Smart Controller Brands Installed at Each Participating Water Agency* 

Manufacturer  
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Alameda County WD 1  1 2 1    
Burbank   31    45
Contra Costa WD  3 2 1 4 3 4 1 1 1 12
Eastern   84 2   1 
EBMUD   46 1 89 39 14 29  4 41 70
Foothill   1    244
Glendale      109
Goleta   26    
Inland Empire  185    1
LADWP  95 16 366    
Pasadena    17  
Santa Barbara   73    
Santa Monica   42 1 2    26
Santa Clara Valley   4 30    
Sonoma County WA   3 3 1    
San Diego County WA  59 1 5 3 2   331
Western   78 12   25 
*Only sites included in the impact analysis 
 

Landscape Area 
 Landscape area is a critical factor for determining the efficiency of water use at a site 
using historic billing data.  Dividing the annual volume of water used for irrigation (from billing 
data) by the landscape area measurement provides a measurement of the annually applied water 
in inches.  This value can then be compared against the evapotranspiration rate to determine 
irrigation efficiency. 
 
 The participating agencies were asked to provide a measurement of landscape area for 
each site where a smart controller was installed.  The request for landscape area data were made 
at the beginning of the evaluation project and it was understood that this information was 
essential information for any site that was to be included in the impact analysis.  Any site for 
which landscape area could not be obtained was not included in the impact analysis.  Landscape 
area data were provided for 2,294 sites where sufficient pre- and post-smart controller water 
consumption data were also available. 
 
 Ideally, the measurement of landscape area should include all parts of a property that are 
landscaped or landscapable and are or could be irrigated.  This measurement is alternatively 
known as the irrigated area or the irrigable area.  Typically such landscape area measurements 
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are made (1) using computer mapping and imagery software such as a geographic information 
system (GIS) as shown in Figure 22; (2) by physically measuring the landscape area at a site 
using a measuring wheel, tape measure, and other tools; or (3) by obtaining lot size measurement 
from tax assessor records and deducting an estimated amount of impervious area to obtain 
landscape area. 
 

   
Figure 22: Example of using digital imagery and geographical information system tools to 
calculate landscape area 
 

The example shown in Figure 22 presents a detail analysis of the various landscape 
materials found at a site.  While such a detailed level of analysis is desirable, the time and effort 
required of the participating agencies made this level of analysis beyond what was possible for 
this study.  While some site measurements for this study were made using digital imagery and 
GIS, others were obtained through physical measurements, and many were obtained from tax 
assessor records.   
 

A frequency distribution showing the landscape area measurements at 2,294 smart 
controllers study sites is presented in Figure 23.  Descriptive statistics on the landscape area in 
each region and each participating agency are presented in Table 39.  The average landscape area 
in the study was 28,386 square feet (sf), which is more than half an acre.  The average landscape 
size was large because of more than 80 sites included in the study with landscape areas 
exceeding 100,000 square feet.  The largest site had a landscape area of 4.7 million square feet – 
more than 100 acres.  The median landscape size in the study group was 6,534 square feet which 
is much more typical of the landscape area for single-family residential properties in California 
and elsewhere across the country.  Most of the smart controllers installed in this study were 
placed at single-family homes and the median value is more representative of a typical 
installation site than the average when there are large outliers. 

 
Many of the larger sites were located in the northern California agencies where a higher 

percentage of non-residential and large multi-family customers were specifically targeted to 
receive smart controllers.  The average landscape area among the northern sites was 73,133 sf 
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and the median was 23,786 sf compared with an average of 18,619 sf and a median of 4,313 sf in 
the southern California sites.  

 
As noted above, methods for measuring the landscape area varied and in many cases 

information about the measurement method utilized was not provided to the analysis team.  
Since accurate information on landscape area is critical to determination of the TIR and the 
application rate and hence the degree of under or over irrigation, the analysis team moved 
forward with the data provided, with the understanding the amount of error in this variable could 
not be determined. One factor that provides some reassurance in the results, however, is that any  
errors in the measurement of landscape area are in all probability random ones rather than 
systematic.  This means that while the scatter of the data may be increased, the means and central 
tendencies of the estimates are less affected.  Systematic errors could cause erroneous overall 
conclusions, which could invalidate study findings.  Future researchers may wish to refine 
landscape area measurements and obtain more detailed information about the plant materials at 
each study site, which could improve overall accuracy of the results. 

 

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

10
00

20
00

30
00

40
00

50
00

60
00

70
00

80
00

90
00

10
00

0
12

00
0
14

00
0
16

00
0
18

00
0
20

00
0
25

00
0
30

00
0
35

00
0
40

00
0
45

00
0
50

00
0
55

00
0
60

00
0
65

00
0
70

00
0
75

00
0
80

00
0
85

00
0
90

00
0
95

00
0

10
00

00
More

Landscape Area (square feet)

R
el

at
iv

e 
Fr

eq
ue

nc
y

Average       =       28,386    (sf)
Median         =         6,534    (sf)
Std. Deviation =   140,558   (sf)

 
Figure 23: Landscape Area Frequency Distribution 
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Table 39:  Landscape Area (square feet) Descriptive Statistics 
Landscape Area (square feet) 

Site Location 
N Total Mean Median Std. 

Dev. Min. Max. 

All Sites 2294 65,116,796 28385.7 6534.0 140558.3 240 4741279 
Northern Sites 411 30,057,499 73132.6 23786.0 248165.1 629 4741279 
Southern Sites 1883 35,059,389 18618.9 4313.2 100607.0 240 2843692 
Coastal ET Zone 655 16,705,579 25504.7 6638.4 68499.9 390 875150 
Intermediate ET Zone 1444 42,052,890 29122.5 5208.5 161112.8 240 4741279 
Inland ET Zone 195 6,358,365 32607.0 6847.8 156757.5 690 1561245 
Professional Installation 920 37,356,324 40604.7 9781.8 142586.0 500 2843692 
Self Installation 1374 27,760,571 20204.2 3000.0 138635.2 240 4741279 
Commercial 296 35,287,137 119213.3 25820.6 363712.9 629 4741279 
Irrigation 11 609,322 55392.9 21770.0 100829.1 10165 356630 
Residential 1987 29,220,425 14705.8 4890.0 41094.4 240 472185 
Alameda County WD 5 63,895 12779.0 3841.0 19261.4 1682 46771 
Burbank 76 188,541 2480.8 2250.0 1460.1 375 6635 
Contra Costa WD 32 883,968 27624.0 10827.0 49101.3 3277 215759 
Eastern 87 2,093,394 24062.0 13778.0 53927.1 648 460500 
EBMUD 333 23,006,038 69087.2 26627.0 93993.3 4000 498475 
Foothill 245 834,985 3408.1 2400.0 3210.1 240 25352 
Glendale 109 320,373 2939.2 2100.0 2310.3 588 12900 
Goleta 26 1,122,763 43183.2 18714.8 58245.7 1084 241579 
Inland Empire 186 612,163 3291.2 2665.2 2726.6 637 26136 
LADWP 477 10,004,646 20974.1 7004.4 111222.6 690 1561245 
Pasadena 17 1,399,710 82335.9 44000.0 122697.1 10000 523000 
Santa Barbara 73 2,966,545 40637.6 22112.0 48059.6 4554 248670 
Santa Monica 71 178,295 2511.2 2400.0 1092.4 500 6600 
Santa Clara Valley 34 5,121,485 150631.9 8998.7 811216.2 629 4741279 
Sonoma County WA 7 982,107 140301.0 3307.0 182016.1 1230 441302 
San Diego County WA 401 2,138,734 5333.5 2400.0 8852.5 300 104544 
Western 115 13,199,217 114775.8 26136.1 310035.4 971 2843691 

 
Potential Sources of Uncertainty 

The level of accuracy of the landscape area data provided to the analysis team was not 
known and could not be independently verified.  In many cases the method used to determine the 
landscape area was not specified by the local agency when data from the study was provided.  
Errors in the landscape size could impact calculation of applied water and comparisons of 
applied water at the site to theoretical requirements.  However, the landscape size does not 
change from pre- to post-installation, so any errors will impact application rate measurements 
equally. Inaccuracy in the measurement of landscape area should not significantly impact the 
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calculation of water savings at any given site.  Regardless, it is important to acknowledge 
potential sources of error in the analyses and results presented in this report, and the 
measurement of landscape size is certainly one of these potential sources.  Any follow-on work 
using data set from this study would benefit from verification and if necessary re-measurement 
task for landscape areas. 

Water Use and Applied Water 
   The participating water agencies in northern and southern California provided historic 
water use data from billing recorders for as many of the smart controller sites as possible.  In 
order for a site to be included in the impact analysis a minimum of one full year (12 months) of 
water consumption data from the time period prior to installation of the smart controller (pre-
smart controller data) and one full year of water consumption data from the time period after 
installation of the smart controller (post-smart controller data) were required.  In some cases, 
multiple years of pre- and post-installation data were provided thus permitting more expanded 
analysis discussed later in this report.   
 

The pre- and post-installation billing data time periods for each site were often different.  
For example, a site where the smart controller was installed in June 2005 likely had pre-
installation data from the 2004 calendar year and post installation data from July 2005 forward.  
At a different site where the smart controller was installed in September 2006 likely had pre-
installation data from 2005 and 2006 and post-installation data from 2007.  The key point is that 
only full years of data were included in the analysis and at least one full year of pre- and post-
installation was required to include a smart controller site in the impact analysis.  Differences in 
weather and climate conditions experienced in the different California regions during the 
different timer periods which billing data were provided were carefully accounted for using 
CIMIS weather data as described in the methodology section of this report. 

 
 Some large smart controller sites were served by multiple water meters and in these cases 
the data from all meters serving the site were aggregated.  Some sites were served by a dedicated 
irrigation meter, which allowed irrigation demand to be easily isolated.  However, a mixed-use 
water meter, which is typical for single-family residences, served most of the sites in this study.  
In these cases, outdoor use was disaggregated using the minimum month estimation technique 
described in the methodology section of this report.  All water use data were converted into units 
of thousands of gallons (kgal) for the purposes of analysis and reporting. 
 
Pre- and Post-Smart Controller Water Use 

Sufficient pre- and post-installation data were provided for 2,294 smart controller sites in 
California.  The average annual outdoor water use during the pre- and post-smart controller 
installation periods is presented in Table 40 (pre) and Table 41 (post). These tables present 
summary results for all sites, northern and southern sites, sites by climate zone, and for each 
individual water agency.   

 
The average (mean) annual outdoor water use for all sites during the pre-installation 

period was 777.0 kgal and the median was 132.7 kgal.  The average is clearly influenced by 
outliers such as large sites with high irrigation use.  During the post-smart controller installation 
period the average (mean) annual outdoor water use for all sites was 757.0 kgal and the median 
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was 127.9 kgal.  Without considering the effects of weather, outdoor water use decreased by an 
average of 20 kgal (2.6%) after installation of the smart controllers.  While suggestive these data 
alone cannot be used to adequately measure the impact of smart controllers. Only weather-
normalized data that takes into consideration the landscape area should be used to interpret the 
impact of these devices. 
 
Table 40: Pre-Smart Controller Annual Outdoor Water Use (kgal) Descriptive Statistics 

Pre-Smart Controller Annual Outdoor Water Use (kgal) 

Site Location 
N Mean Median Std. 

Deviation Min. Max. 

All Sites 2294 777.0 132.7 6927.4 3.0 271652.7
Northern Sites 411 1795.4 312.7 13482.5 24.0 271652.7
Southern Sites 1883 554.7 105.0 4311.8 3.0 151680.2
Coastal ET Zone 655 560.4 130.3 1739.5 3.0 28352.9
Intermediate ET Zone 1444 900.8 139.5 8600.3 3.0 271652.7
Inland ET Zone 195 588.3 117.0 2556.3 12.0 25630.2
Professional Install. 920 1058.2 233.5 6100.5 12.7 151680.2
Self Installation 1374 588.8 89.9 7426.0 3.0 271652.7
Commercial 296 4059.7 651.9 18889.6 20.2 271652.7
Irrigation 11 995.8 182.2 2573.8 63.7 8741.5
Residential 1987 286.8 111.0 724.6 3.0 8432.6
Alameda County WD 5 450.9 250.6 593.6 34.4 1500.0
Burbank 76 102.9 89.0 57.3 7.5 314.9
Contra Costa WD 32 733.5 229.5 1387.6 74.8 6583.1
Eastern 87 590.7 338.2 953.9 20.2 6865.0
EBMUD 333 1196.6 321.0 1960.9 45.6 14172.2
Foothill 245 75.8 57.0 70.5 3.7 529.0
Glendale 109 29.5 25.0 29.0 3.0 252.9
Goleta 26 980.2 473.5 1342.9 77.0 5976.5
Inland Empire 186 148.1 119.5 109.4 9.0 867.0
LADWP 477 457.4 112.0 2253.3 12.0 28352.9
Pasadena 17 4145.3 2478.9 5057.1 563.2 20134.7
Santa Barbara 73 612.1 454.0 486.9 59.0 3168.5
Santa Monica 71 145.7 143.0 91.8 6.7 395.0
Santa Clara Valley 34 8586.3 499.1 46486.4 31.0 271652.7
Sonoma County WA 7 3116.4 130.9 4729.6 24.0 12856.0
San Diego County WA 401 169.0 77.0 358.0 3.0 4868.0
Western 115 4339.5 910.3 16191.5 51.6 151680.2
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Table 41: Post-Smart Controller Annual Outdoor Water Use (kgal) Descriptive Statistics 
Post-Smart Controller Annual Outdoor Water Use (kgal) 

 Site Location N Mean Median Std. 
Deviation 

Min. Max. 

All Sites 2294 757.0 127.9 6549.6 0.0 240421.4
Northern Sites 411 1693.2 303.8 11961.3 0.0 240421.4
Southern Sites 1883 552.6 101.6 4567.6 1.5 160110.1
Coastal ET Zone 655 525.1 136.7 1590.2 2.2 26400.7
Intermediate ET Zone 1444 883.2 122.2 8124.7 0.0 240421.4
Inland ET Zone 195 601.4 135.2 2679.0 8.2 25470.1
Professional Install. 920 1057.2 228.5 6448.0 4.5 160110.1
Self Installation 1374 556.0 86.8 6611.4 0.0 240421.4
Commercial 296 4009.5 628.2 17822.6 15.7 240421.4
Irrigation 11 1126.1 288.1 2816.4 78.3 9604.4
Residential 1987 270.4 108.5 700.6 0.0 10044.5
Alameda County WD 5 331.8 151.1 532.4 25.4 1276.8
Burbank 76 97.9 87.7 59.2 17.2 346.3
Contra Costa WD 32 741.5 230.8 1468.0 18.7 6488.9
Eastern 87 531.6 284.3 1107.0 15.7 8747.2
EBMUD 333 1155.5 314.2 1951.4 0.0 15377.0
Foothill 245 77.5 54.6 74.8 3.0 511.5
Glendale 109 28.0 24.9 27.8 2.9 209.1
Goleta 26 884.0 473.5 1122.9 55.4 4980.2
Inland Empire 186 106.0 81.2 91.6 2.2 481.6
LADWP 477 454.5 118.9 2231.3 8.2 26400.7
Pasadena 17 4545.0 2600.8 5934.8 609.6 24953.3
Santa Barbara 73 506.6 374.0 379.6 41.0 2008.4
Santa Monica 71 151.7 145.7 104.1 3.7 432.2
Santa Clara Valley 34 7751.7 394.6 41117.0 44.9 240421.4
Sonoma County WA 7 3167.6 120.4 4820.5 56.8 13119.9
San Diego County WA 401 173.2 86.8 359.2 1.5 4166.4
Western 115 4442.5 677.7 17244.8 42.6 160110.1

 
Pre- and Post-Smart Controller Application Rates 
 As explained in the methodology section of the report, the application rate (inches) was 
calculated by dividing the outdoor water use by the landscape area and applying a unit 
conversion factor. The application rate is a measure of the depth of irrigation water applied 
across the entire landscape over a year and can be compared to the theoretical irrigation 
requirement which is empirically determined from CIMIS data. 
 

A comparison of the pre- and post-smart controller irrigation application rate frequency 
distributions is shown in Figure 24.  Descriptive statistics showing the pre-smart controller 
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application rates are presented in Table 42.  Post-smart controller application rates are presented 
in Table 43.  These values have not been adjusted for changes in weather and climate conditions 
during the pre- and post-installation periods. 
 
 The average application rate across all study sites during the pre-smart controller period 
was 52.5 inches and the median was 37.7 inches.  The average application rate during the post-
smart controller period was 50.4 inches and the median was 34.6 inches.  Perhaps surprisingly, 
the average application rate among sites in the inland ET zone was only 30.0 inches during the 
post-period, which was lower than the average application rates in the coastal and intermediate 
ET zones.  During the pre-smart controller period, the average application rate in the northern 
California sites (which were initially targeted because of their apparently high historic water use) 
was 34.9 inches compared with an average of 56.3 inches in the southern sites.  During the post-
smart controller period the average application rate in the northern sites was 35.0 inches and 53.7 
inches in the southern sites.  Without weather correction, the application rate in the northern sites 
was essentially unchanged while in southern California it decreased slightly (2.6 inches or 4.6%). 
 
 The frequency distributions of pre- and post- application rates are shown in Figure 24.  
Over-irrigation remains a problem for many sites, even after the installation of a smart controller.  
In both the pre- and post-smart controller periods, more than 10 percent of the sites applied 100 
inches of water or more and nearly 5 percent of the sites applied more than 150 inches of water, 
far exceeding the theoretical irrigation requirement in any of the climate zones in the study. 
 
During the pre-installation period the mean ETo for the study group was 47.63 inches, and 
during the post-install period it rose slightly to 49.6 inches. Thus, on average, the post-install 
period had a slightly higher irrigation requirement than did the pre-install period. The change in 
ETo from pre to post periods indicates the importance of the weather correction step in the 
analysis, and is helpful to keep in mind when interpreting the results. 
 

Excess irrigation was observed in this study sample during both the pre- and post-
installation periods, but the small number of sites (less than 5%) than applied more than 150 
inches of water during the pre-installation period were not necessarily the same sites that applied 
more than 150 inches in the post period.  After the installation of the smart controller there was a 
shift in the constituency of excess irrigators.  The level of excess irrigation found in this study is 
typical of what has been found in other research studies examining the impacts of automatic 
irrigation (DeOreo, et. al. 2008), (Sovocool et. al. 2006), (Mayer et. al., 1999).  Levels of excess 
irrigation shown in Figure 24 may be unintentional and can be the result of a wide variety of 
factors such as leaks caused by broken head or valves, controller programming errors, and un-
related outdoor demands such as re-filling of swimming pools, washing pavements, children 
playing outdoors with a hose, or simply leaving a hose running by mistake. 
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Figure 24: Pre- and Post-Smart Controller Annual Application Rate Frequency 
Distributions 

 
In this study, sites that during the pre-installation period applied either no water outdoors 

(0 inches) or applied greater than 300 inches of were removed from the sample before any 
analysis was conducted.  This filter excluded about 100 sites final sample of 2294.16  The 300 
inch cutoff point was selected by the research team based on a review of the frequency 
distribution of pre-installation application rates and a review of other research studies on 
automatic irrigation in arid regions.  The researchers concluded that application rates above 300 
inches were uncommon (though not unheard of) and hence were likely a product of faulty water 
use or area data or abnormal water use patterns.  While application rates between 100 and 300 
inches are excessive in almost any climate, previous research has shown that they are not 
uncommon and the research team determined that in absence of additional compelling 
information about a site there was no scientifically justifiable reason to exclude these sites from 
the study simply because their pre-installation application rate was higher than expected 
(DeOreo, et. al. 2008), (Sovocool et. al. 2006), (Mayer et. al., 1999). 
 
 
 
 

                                                 
16 It is important to note that sites were only screened out based on their pre-installation application rates.  Once 
included in the analysis, a site could not be removed because of a high (or low) post-installation application rate.  
Altering the sample based on post-installation information would violate fundamental principles of scientific 
investigation for conducting an “intervention” style of research study. 
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Table 42: Pre-Smart Controller Annual Application Rate (inches) Descriptive Statistics 
Pre-Smart Controller Annual Application Rate (inches) 

 Site Location N Mean Median Std. 
Deviation 

Min. Max. 

All Sites 2294 52.5 37.7 45.8 1.9 295.6
Northern Sites 411 34.9 25.3 30.9 1.9 236.2
Southern Sites 1883 56.3 41.5 47.6 3.0 295.6
Coastal ET Zone 655 52.8 37.5 47.0 3.0 280.9
Intermediate ET Zone 1444 54.5 40.2 46.3 1.9 295.6
Inland ET Zone 195 36.6 27.4 33.6 3.2 245.4
Professional Installation 920 42.8 30.6 36.4 2.5 262.1
Self Installation 1374 58.9 43.1 50.2 1.9 295.6
Commercial 296 53.4 41.8 39.9 3.9 262.1
Irrigation 11 17.8 13.3 12.1 2.8 39.3
Residential 1987 52.5 36.7 46.7 1.9 295.6
Alameda County WD 5 85.2 51.5 69.8 32.8 196.1
Burbank 76 82.9 67.4 50.3 3.9 219.2
Contra Costa WD 32 46.7 39.1 27.7 8.4 155.0
Eastern 87 48.4 41.5 29.1 5.8 136.9
EBMUD 333 27.2 22.1 23.7 1.9 236.2
Foothill 245 49.7 36.1 45.1 3.2 214.0
Glendale 109 20.7 17.8 15.3 3.2 81.9
Goleta 26 44.3 35.8 26.5 12.0 114.1
Inland Empire 186 88.7 78.7 58.2 4.0 295.6
LADWP 477 39.8 28.0 35.6 3.0 250.9
Pasadena 17 95.6 90.2 41.0 13.6 161.1
Santa Barbara 73 39.3 32.0 25.7 4.0 92.7
Santa Monica 71 99.1 91.4 59.7 7.2 260.4
Santa Clara Valley 34 84.9 82.2 18.3 60.3 171.9
Sonoma County WA 7 67.8 50.1 57.5 14.0 151.3
San Diego County WA 401 64.2 54.5 49.2 3.4 280.9
Western 115 62.4 59.3 42.1 4.4 262.1
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Table 43: Post-Smart Controller Annual Application Rate (inches) Descriptive Statistics 
Post-Smart Controller Annual Application Rate (inches) 

 Site Locations N Mean Median Std. 
Deviation 

Min. Max. 

All Sites 2294 50.4 34.6 47.7 0.0 298.0
Northern Sites 411 35.0 24.1 36.6 0.0 297.8
Southern Sites 1883 53.7 38.2 49.2 3.0 298.0
Coastal ET Zone 655 52.9 37.7 50.6 3.0 298.0
Intermediate ET Zone 1444 51.0 33.9 48.2 0.0 297.8
Inland ET Zone 195 37.1 30.0 28.2 3.8 171.0
Professional Installation 920 42.3 31.1 39.3 1.9 297.8
Self Installation 1374 55.7 37.8 51.9 0.0 298.0
Commercial 296 51.8 40.5 42.2 4.0 266.2
Irrigation 11 20.9 18.0 10.7 5.2 43.2
Residential 1987 50.3 33.7 48.6 0.0 298.0
Alameda County WD 5 37.5 28.7 16.2 24.3 63.1
Burbank 76 78.9 66.9 51.2 9.3 230.5
Contra Costa WD 32 41.1 34.1 27.0 6.0 152.8
Eastern 87 42.1 36.8 26.7 4.1 132.7
EBMUD 333 26.5 21.4 26.5 0.0 297.8
Foothill 245 51.5 35.0 50.0 3.1 287.7
Glendale 109 20.5 15.6 17.7 3.1 102.6
Goleta 26 41.2 34.4 24.7 7.6 95.7
Inland Empire 186 65.9 44.9 60.3 3.2 296.5
LADWP 477 37.4 30.4 29.9 3.0 184.7
Pasadena 17 103.5 97.9 49.7 13.9 237.8
Santa Barbara 73 32.9 27.9 22.8 4.2 96.5
Santa Monica 71 100.7 94.1 65.0 3.2 255.3
Santa Clara Valley 34 105.9 96.4 48.9 30.8 240.3
Sonoma County WA 7 63.8 59.8 41.1 15.6 140.6
San Diego County WA 401 68.9 54.7 57.4 3.3 298.0
Western 115 56.9 48.6 39.9 5.1 207.4
 

Theoretical Irrigation Requirement (TIR) 
 As described in the methodology section of this report, climate data were obtained from 
proximal CIMIS weather stations across northern and southern California.  Daily gross ETo data 
and daily precipitation measurements were carefully aligned with historic billing data for each 
site and then the controller installation date was used as the dividing marker between the pre- and 
post-installation periods.  Care was taken to ensure that climate data from the same weather 
station was used for both the pre- and the post-installation analysis at every site.  This sometimes 
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meant selecting a weather station farther away from a site location, as the more proximal station 
had discontinuous or incomplete data for either the pre- or post-installation period. This complex 
process of matching and aligning pre- and post-installation water use and ET data allowed for 
weather corrections to be made on a site-by-site basis so that appropriate changes in water use 
could be measured. 
 
 Precipitation is an important factor to consider when evaluating the impact of smart 
control technology.  Ideally a smart controller should reduce or prevent unnecessary irrigation 
after sufficient rainfall has occurred.  However, not all measurable precipitation can be 
considered effective at reducing the water requirement of landscape plants and turf.  Small 
amounts of rain often do not penetrate the soil and large amounts of rain can exceed the capacity 
of the soil to retain the moisture.  A daily model was used to net out effective precipitation for 
each study site using the techniques described in the methodology section of this report.  For any 
given day, effective precipitation was not allowed to exceed 25% of total daily precipitation. 
Alternative approaches to ET and precipitation were considered as well and analysis using 
different approaches are provided later in the Sensitivity Analysis section of this report.  
Effective precipitation is discussed further at the end of this report section. 
 

The fundamental equation used to calculate the theoretical irrigation requirement (TIR) in 
inches for each site was:   
 
 Rainfall Effective - )((inches) t Requiremen Irrigation lTheoretica cO KETTIR ×=  
 
 Where: 
 

ETo = Gross annual evapotranspiration (inches) from CIMIS 
 
Effective Precipitation = annual precipitation (inches) calculated as specified 
above; (daily effective precipitation ≤ 25% total daily precipitation). 
 
Kc = ET adjustment factor or crop/landscape coefficient = 0.8 (from Updated 
Model Water Efficient Landscape Ordinance 200417, 18) 
 

 In this calculation of TIR the irrigation efficiency factor, which is normally on the 
denominator of the right hand side of the equation was effectively set to 1.0.  If an efficiency of 
less than 1 had been used this would have increased the TIR, which would have decreased the 
amount of over-irrigation both before and after the installations. Since the study team had few if 
any about the individual irrigation systems on which to base an estimate of their efficiencies the 
decision was made to set the efficiencies to a unit value of 1.  The researchers recognized that 
this reduced the TIR’s, but since the primary analysis was on the impact on application ratios, 
which are less affected by changes to the TIR this was considered the best option. 
                                                 
17 Updated California Model Water Efficient Landscape Ordinance, Reference: Section 65597, Gov. Code. 
 
18 California is currently considering adopting a Kc value of 0.7 in the latest version of the Model Water Efficient 
Landscape Ordinance.  Although 0.8 was used in this study, the impact of using a value of 0.7 is discussed in the 
Sensitivity Analysis section of this report. 
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A comparison of the TIR values measured for the pre- and post-smart controller 

installation periods is presented in Figure 25.  It was generally slightly hotter and drier during the 
post-installation period, hence the amount of water required to adequately irrigate the study site 
landscapes was determined to be higher.  The frequency distributions shown in Figure 25 show a 
definite shift towards higher values during the post-installation year.  TIR was 1.9% higher on 
average during the post-installation year. 
 
 The annual Theoretical Irrigation Requirement for all participating agencies during the 
pre-installation year is presented in Table 44.  Annual TIR during the post-installation year is 
presented in Table 45.  These tables also show the measured evapotranspiration rates for the 
northern and southern sites combined and for the three identified CIMIS climate zones.  TIR was 
higher (indicating a hotter and drier climate) on average during the post-installation period in 
most of the study sites, with some notable exceptions (Alameda, Goleta, LADWP, and Santa 
Barbara).  In both periods the district with the highest average TIR was the Western Water 
District, and the lowest TIR’s were found in Alameda County, EBMUD and LADWP. 
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Figure 25: Pre- and Post-Smart Controller Annual TIR Frequency Distributions 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management                 92  

Table 44: Pre-Smart Controller Annual TIR (inches) Descriptive Statistics 
Pre-Smart Controller Annual TIR (inches) 

 Site Locations N Mean Median Std. 
Deviation 

Min. Max. 

All Sites 2294 34.9 34.9 5.2 16.5 54.1
Northern Sites 411 31.2 33.8 5.6 16.5 46.0
Southern Sites 1883 35.8 35.2 4.7 24.7 54.1
Coastal ET Zone 655 34.3 34.7 2.7 21.3 46.0
Intermediate ET Zone 1444 35.3 35.2 6.1 16.5 54.1
Inland ET Zone 195 34.3 35.7 3.2 26.1 39.8
Professional Installation 920 35.1 34.7 5.5 16.5 51.7
Self Installation 1374 34.9 35.2 5.0 20.1 54.1
Commercial 296 37.3 37.2 8.5 16.5 54.1
Irrigation 11 29.4 28.5 5.7 22.8 37.2
Residential 1987 34.6 34.9 4.4 19.3 48.8
Alameda County WD 5 33.6 32.9 2.5 30.6 37.5
Burbank 76 34.7 36.7 3.0 24.7 46.2
Contra Costa WD 32 36.5 37.2 2.8 30.6 46.0
Eastern 87 46.6 46.4 2.2 42.3 54.1
EBMUD 333 30.3 33.6 5.5 16.5 39.8
Foothill 245 32.5 34.9 3.7 26.0 44.6
Glendale 109 34.0 36.7 3.9 28.4 36.7
Goleta 26 34.8 32.7 4.3 28.3 45.6
Inland Empire 186 33.9 33.5 3.3 31.1 45.6
LADWP 477 34.1 34.0 2.4 26.1 39.0
Pasadena 17 33.3 32.2 3.4 28.0 39.4
Santa Barbara 73 34.3 34.3 3.2 27.8 40.3
Santa Monica 71 34.5 34.7 2.2 29.7 41.5
Santa Clara Valley 34 35.0 34.2 4.6 20.1 40.5
Sonoma County WA 7 28.1 27.6 1.7 26.2 31.2
San Diego County WA 401 37.9 35.5 4.3 27.7 48.8
Western 115 41.2 41.1 2.8 33.4 49.8
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Table 45: Post-Smart Controller Annual TIR (inches) Descriptive Statistics 
Post-Smart Controller Annual TIR (inches) 

Site Locations N Mean Median Std. 
Deviation 

Min. Max. 

All Sites 2294 36.8 36.8 6.4 19.3 59.7
Northern Sites 411 32.4 33.3 5.4 19.3 45.0
Southern Sites 1883 37.8 37.4 6.3 25.4 59.7
Coastal ET Zone 655 33.8 34.9 3.9 22.9 49.1
Intermediate ET Zone 1444 38.9 39.7 6.8 19.3 59.7
Inland ET Zone 195 31.4 31.0 2.8 26.5 40.9
Professional Install. 920 33.7 31.0 6.8 19.3 55.8
Self Installation 1374 38.9 38.0 5.2 22.9 59.7
Commercial 296 40.1 40.0 9.8 19.3 59.7
Irrigation 11 30.5 32.8 6.1 21.0 37.6
Residential 1987 36.3 36.8 5.6 19.4 53.9
Alameda County WD 5 31.2 31.5 4.7 24.9 38.2
Burbank 76 40.5 42.4 2.6 33.8 50.2
Contra Costa WD 32 37.6 38.7 3.7 20.9 45.0
Eastern 87 51.4 50.2 2.6 40.1 59.7
EBMUD 333 31.4 33.1 5.1 19.3 39.6
Foothill 245 37.2 38.5 3.7 28.6 49.8
Glendale 109 39.6 42.4 4.0 29.9 42.4
Goleta 26 33.4 32.7 3.2 30.1 44.9
Inland Empire 186 41.8 40.1 3.5 34.6 53.9
LADWP 477 31.2 29.7 3.0 25.4 43.6
Pasadena 17 40.6 42.4 4.6 32.9 49.8
Santa Barbara 73 32.8 32.3 3.1 27.0 40.3
Santa Monica 71 34.9 34.9 1.7 30.6 41.1
Santa Clara Valley 34 37.3 40.0 4.9 22.9 43.1
Sonoma County WA 7 32.5 32.3 2.4 30.7 37.6
San Diego County WA 401 40.3 37.4 5.0 31.0 50.9
Western 115 42.1 41.4 2.6 39.1 52.4

 

Application Ratio - Percent of Theoretical Irrigation Requirement Applied 
  Smart controllers are complex devices designed to adjust irrigation applications to match 
prevailing weather conditions.  When working with irrigation consumption data from different 
time periods it is essential to take weather conditions into consideration so that changes in usage 
patterns are accurately attributed.  In this study the fundamental method for adjusting for changes 
is climate and weather conditions in the pre- and post-installation periods was to calculate the 
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Application Ratio (AR), i.e. the percent of TIR applied for each period, and to compare the 
results.   
 

TIR represents an estimate of the theoretical irrigation requirement at each study site.  To 
the extent that accurate site data are not available, the Theoretical Irrigation Requirement is an 
imperfect estimate, but it is the best way to approximate the irrigation requirement and gage the 
degree of over or under irrigation occurring.  Ideally, additional factors such as shading, slope, 
soil type, and specific plant material could be used to develop more precise TIR estimates.  
Shading in particular has been shown to have a significant impact on irrigation requirements. 
The effects of inaccuracies in the data are largely mitigated by the fact the conditions at each site 
remained largely the same during the test periods with the exception of the controllers present.  
Thus errors in other landscape factors would have the same impact during each period, and 
would tend to cancel themselves out. 

 
The application rate at each site (measured in inches) was divided by the corresponding 

TIR value (also measured in inches) to determine the Application Ratio (AR), the percent of TIR 
applied at each site during the pre- and post-smart controller periods.  For example, if 100% of 
the TIR is applied, it is assumed that the theoretical irrigation requirement at the site is perfectly 
matched by the irrigation application.  If 150% of the TIR is applied then it is assumed that 
excess water was applied.  If 75% of the TIR is applied then it is assumed that less irrigation 
water than was theoretically required was applied to the site.   

 
 The pre and post install frequency distributions of Application Ratios at each of the 2,294 
smart controller study sites is compared in Figure 26.  During the pre-smart controller periods, an 
average of 151.3% of the theoretical irrigation requirement was applied to the study sites 
suggesting that about 50% more irrigation water than was required was applied to these sites.  
The pre-median value was 107.9%.   
 

During the post-smart controller periods, an average of 136.8% of the theoretical 
irrigation requirement was applied at the 2,294 smart controller study sites.  The post- median 
value was 96.2%.  This is an important result that clearly shows that the smart controller 
technologies reduced water use at these sites overall and moved irrigation application rates lower 
and closer to the theoretical requirement.   

 
Figure 26 shows the reduction in the Application Ratio from the pre- to the post-smart 

controller periods.  The reductions in water use measured through this analysis were found to be 
statistically significant at the 95% confidence level.   
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Figure 26: Pre- and Post-Smart Controller Application Ratio Frequency Distributions 
 
 The Application Ratio at each participating agency (and by region and climate zone) 
during the pre-smart controller period is presented in Table 46.  Excess irrigation was prevalent 
in many study sites, but was greater in southern California.  At 52.1% percent of the 2,294 smart 
controller sites in this study, irrigation water was applied in excess of the corresponding TIR 
requirement during the pre-smart controller period.  After the smart controller was installed, 
water was applied in excess of TIR requirements at 47.8% of the sites.  This represents an 
improvement of about 4.3%. 
 
 The researchers had little information about the condition of the landscapes at the sites in 
this study.  However it is known that each site was equipped with an automatic irrigation system.  
At nearly 48% of the sites in the study, water was applied below the theoretical irrigation 
requirement.  In cannot be assumed that the landscape at these sites was in poor condition.  There 
are many legitimate reasons why irrigation at a particular location may be well below the 
calculated TIR.  Shading may be the most significant factor.  Solar radiation is the single most 
important factor in the ET equation and sites with significant amounts of shade may have greatly 
reduced irrigation demands.  The plant materials included in the landscape may also be an 
important factor.  The TIR in this study was calculated for a basic turf landscape.  Landscapes 
containing native and water wise plants may require less water than an identical turf landscape.  
 

The Application Ratio during the post-smart controller period is presented in Table 47.  
The fractional change from the pre- to the post-smart controller periods is presented in Table 48 
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as the weather-normalized change in irrigation application.  Excess irrigation was reduced from 
the pre- to post-smart controller periods.  Application rates were brought closer to the theoretical 
requirement (approximated by TIR) in nearly all of the participating agencies.  This indicates 
that the smart controllers performed as designed and intended on average. 

 
Table 46: Pre-Smart Controller Application Ratio Descriptive Statistics 

Pre-Smart Controller Application Ratio 
 Descriptive Statistics 

Site Locations N Mean Median Std. 
Deviation 

Min. Max. 

All Sites 2294 151.3% 107.9% 135.6% 5.7% 1214.5%
Northern Sites 411 113.8% 84.1% 112.3% 5.7% 1214.5%
Southern Sites 1883 159.5% 115.9% 138.8% 8.2% 901.7%
Coastal ET Zone 655 154.4% 109.0% 139.1% 8.9% 901.7%
Intermediate ET Zone 1444 155.1% 112.0% 135.6% 5.7% 1214.5%
Inland ET Zone 195 112.6% 78.6% 116.7% 8.2% 833.9%
Professional Install. 920 123.2% 89.6% 109.9% 7.8% 1214.5%
Self Installation 1374 170.1% 122.0% 147.4% 5.7% 901.7%
Commercial 296 148.0% 117.7% 122.7% 10.0% 1214.5%
Irrigation 11 63.8% 40.8% 45.3% 7.8% 148.1%
Residential 1987 152.3% 107.3% 137.6% 5.7% 901.7%
Alameda County WD 5 258.7% 151.4% 228.5% 99.7% 641.2%
Burbank 76 240.0% 198.4% 145.3% 12.0% 620.7%
Contra Costa WD 32 128.6% 109.0% 77.1% 21.4% 446.7%
Eastern 87 104.2% 90.7% 63.2% 12.4% 307.5%
EBMUD 333 93.8% 73.3% 100.1% 5.7% 1214.5%
Foothill 245 152.6% 111.4% 136.9% 8.9% 742.7%
Glendale 109 61.8% 49.1% 48.1% 9.5% 288.2%
Goleta 26 129.1% 104.4% 79.8% 36.6% 364.2%
Inland Empire 186 261.8% 228.3% 173.4% 12.8% 839.0%
LADWP 477 119.7% 82.3% 113.8% 8.2% 833.9%
Pasadena 17 287.4% 254.4% 124.4% 42.3% 511.8%
Santa Barbara 73 116.8% 95.1% 78.7% 11.8% 288.1%
Santa Monica 71 289.3% 268.7% 177.6% 20.6% 767.5%
Santa Clara Valley 34 248.3% 233.7% 79.3% 197.2% 562.0%
Sonoma County WA 7 245.6% 169.8% 210.7% 51.4% 548.8%
San Diego County WA 401 170.6% 136.9% 136.1% 9.6% 901.7%
Western 115 150.9% 144.1% 99.1% 10.0% 608.4%
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Table 47: Post-Smart Controller Application Ratio Descriptive Statistics 

Post-Smart Controller Percent of Application Ratio Descriptive 
Statistics 

Site Locations N Mean Median Std. 
Deviation 

Min. Max. 

All Sites 2294 136.8% 96.2% 129.2% 0.0% 1399.2%
Northern Sites 411 109.2% 76.2% 121.0% 0.0% 1399.2%
Southern Sites 1883 142.8% 104.0% 130.2% 7.0% 945.1%
Coastal ET Zone 655 153.7% 113.6% 143.1% 9.5% 945.1%
Intermediate ET Zone 1444 131.7% 88.2% 126.8% 0.0% 1399.2%
Inland ET Zone 195 117.8% 96.6% 85.5% 10.5% 501.3%
Professional Install. 920 126.1% 94.4% 118.2% 6.9% 1399.2%
Self Installation 1374 143.9% 98.2% 135.7% 0.0% 945.1%
Commercial 296 132.6% 100.7% 109.2% 7.6% 712.6%
Irrigation 11 71.3% 73.7% 35.2% 14.4% 134.0%
Residential 1987 137.8% 95.5% 132.2% 0.0% 1399.2%
Alameda County WD 5 117.9% 110.6% 36.9% 77.1% 165.4%
Burbank 76 194.5% 169.8% 126.1% 24.4% 607.2%
Contra Costa WD 32 109.1% 89.6% 74.9% 17.9% 431.4%
Eastern 87 81.7% 73.2% 50.8% 7.6% 247.2%
EBMUD 333 88.7% 68.1% 105.0% 0.0% 1399.2%
Foothill 245 140.3% 94.5% 138.6% 7.3% 825.9%
Glendale 109 53.1% 38.3% 50.0% 7.3% 301.8%
Goleta 26 124.7% 105.7% 77.0% 24.2% 314.9%
Inland Empire 186 160.2% 107.1% 148.2% 7.0% 665.2%
LADWP 477 117.7% 98.9% 87.8% 10.2% 502.4%
Pasadena 17 260.7% 233.1% 137.4% 32.8% 629.1%
Santa Barbara 73 101.3% 87.2% 71.1% 13.3% 311.1%
Santa Monica 71 291.6% 271.2% 191.9% 9.5% 778.0%
Santa Clara Valley 34 290.5% 241.3% 151.7% 91.0% 727.3%
Sonoma County WA 7 195.1% 180.8% 126.7% 50.9% 434.9%
San Diego County WA 401 173.8% 136.2% 152.6% 9.1% 945.1%
Western 115 134.7% 118.4% 93.4% 12.8% 523.0%

 
 
Potential Sources of Uncertainty 

A key premise of this study is that any errors in the data are generally random rather than 
systematic in nature.  This means that while it is likely that there exist some errors in the key 
parameters such as irrigated areas, water use, ET etc. among study sites, these errors are 
scattered both above and below the true values are not systematically low or high.  Random 
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errors increase the variance and the confidence intervals, but they do not significantly impact  
mean values.  Random errors make it harder to detect changes in the means with statistical 
confidence, but they do not change the fundamental conclusions of the study.  Systematic errors 
on the other hand can throw the entire analysis off. For example, if all of the irrigated area data 
were too high then all of the application rates and TIR values would be wrong by a proportionate 
amount, and the fundamental conclusions about irrigation efficiencies would be affected.   

 
There is an unknown amount of uncertainty in the estimates presented due to possible 

errors in: water use data, irrigated area data, ET values and irrigation systems’ efficiency (which 
was unknown but assumed to be 100% efficient).  The landscape area could be too large or too 
small.  The TIR could be too high or too low.  Specific information about the sites was not 
known such as shading, soil type, slope, plant materials, etc.  Even the water use data could 
contain inaccuracies.   

 
Since errors on individual sites affected the analysis the same way during the pre- and the 

post-smart controller periods, and because the sample size (n=2,294) is quite large, the overall 
impact of the errors on analysis of changes in water use did not preclude making statistically 
reliable conclusions on changes in water use.  Furthermore, the sensitivity analysis (presented 
later in this section) confirms that even if systematic errors were made in an item such as 
precipitation, or if precipitation was totally disregarded it would not invalidate the conclusions of 
the study.  

Weather-Normalized Change in Application Ratio 
 The weather-normalized fractional change in Application Ratio, ΔAR, is an important 
change in use measurement that was used to establish the factors that influenced water savings 
and used as a part of the per site water savings calculation in this research study.  Calculated as 
the fractional change (from the pre-smart controller period) in the Application Ratio at each site, 
the weather-normalized change in application ratio was a primary means for examining the 
impact of smart controllers on water use across study sites with weather effects held constant.  
The average percent change in irrigation volume was then calculated by dividing ΔAR by the 
pre-AR as shown earlier in the methodology section in Equation 4.19   
 

The ΔAR statistics for each agency and climate zone are presented in Table 48 and a 
frequency distribution showing the weather-normalized percent change in irrigation application 
is presented in Figure 27.   

   

                                                 
19 It is important to understand that this is a percentage change calculated using seasonal (outdoor) use rather than 
total use.  
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Figure 27: Fractional change in Application Ratio (ΔAR) Frequency Distribution 

 
The frequency distribution of change in application ratio, shown in Figure 27, shows the 

shape and spread of the data that were used to determine the broad impact of smart controllers in 
this study and was  also used as the independent variable in the modeling section described later 
in this report.  It is important to note that this frequency distribution, while not a perfect bell 
curve, can be quite reasonably described as “normal” or “Gaussian” in character.  The t-tests and 
some of the other statistical analyses conducted using these data have a built in assumption of 
normality. 
 
 A total of 1,300 (56.7%) of the 2,294 study sites had a statistically significant reduction 
in weather-normalized application ratio.  While 959 (41.8%) sites had a statistically significant 
increase in application ratio.  For 35 (1.5%) of sites, there was not a statistically significant 
change in application ratio.  These results are shown in Table 49. 
 

While the overall findings show reductions in application ratio through the installation of 
smart controllers, it is also significant that 41.8% of study sites experienced an increase in 
weather-normalized application ratio after the installation of a smart controller.  Differences 
between sites that increased and decreased weather-normalized irrigation applications were 
examined and results are presented In  

Table 50 . 
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 Table 48: Weather-Normalized Change in Application Ratio Descriptive Statistics 
Weather-Normalized Fractional Change in Application Ratio 

Descriptive and Validatory Statistics 
Site Locations N Mean Std. 

Deviation 
95% 

Confidence 
Boundary 

Statistically 
Significant 
Reduction? 

All Sites 2294 -0.145 0.94 + or - 0.038 Yes 
Northern Sites 411 -0.046 0.86 + or -0.083 No 
Southern Sites 1883 -0.167 0.95 + or - 0.043 Yes 
Coastal ET Zone 655 -0.007 0.70 + or - 0.053 No 
Intermediate ET Zone 1444 -0.234 1.03 + or - 0.053 Yes 
Inland ET Zone 195 0.052 0.86 + or - 0.120 No 
Professional Installation 920 0.029 0.74 + or - 0.048 No 
Self Installation 1374 -0.262 1.03 + or - 0.054 Yes 
Commercial 296 -0.154 0.75 + or -0.085 Yes 
Irrigation 11 0.075 0.26 + or - 0.154 No 
Residential 1987 -0.145 0.96 + or - 0.042 Yes 
Alameda County WD 5 -1.408 2.24 + or - 1.963 No 
Burbank 76 -0.455 1.16 + or - 0.261 Yes 
Contra Costa WD 32 -0.195 0.57 + or - 0.199 No 
Eastern 87 -0.225 0.43 + or - 0.091 Yes 
EBMUD20 333 -0.051 0.64 + or - 0.068 No 
Foothill 245 -0.123 0.79 + or -0.099 Yes 
Glendale 109 -0.087 0.22 + or - 0.041 Yes 
Goleta 26 -0.044 0.39 + or - 0.150 No 
Inland Empire 186 -1.016 1.67 + or - 0.240 Yes 
LADWP 477 -0.020 0.76 + or - 0.068 No 
Pasadena 17 -0.267 0.86 + or - 0.409 No 
Santa Barbara 73 -0.155 0.47 + or - 0.107 Yes 
Santa Monica 71 0.023 0.96 + or - 0.223 No 
Santa Clara Valley 34 0.422 1.82 + or - 0.610 No 
Sonoma County WA 7 -0.505 1.36 + or - 1.006 No 
San Diego County WA 401 0.032 0.89 + or - 0.087 No 
Western 115 -0.162 0.64 + or - 0.116 Yes 
 

The Application Ratio prior to installing the smart controller (pre-AR) was one of the 
most importance differences between sites in this study.  Sites that increased application after 
installation of a smart controller had a mean pre-AR of 131% and a median of 95%.  The median 
indicates that more than half of these sites were applying less than the theoretical irrigation 
requirement prior to the installation of the smart controller.  Since smart controllers are designed 
to adapt irrigation to match the theoretical requirement, it would be expected that installing a 
smart controller at a site with a history of applying less than the theoretical irrigation requirement 

                                                 
20 In 2007, EBMUD requested a voluntary 10% cutback in usage from customers in response to drought conditions.  
Some of the post-installation water use data from EBMUD came from this time frame.  It was not possible to 
determine if this effort impacted water savings in this study. 
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will result in increased water use.  Sites that decreased application after installation of a smart 
controller had a mean pre-AR of 182% and a median of 137%.  The median here indicates that 
most of these sites were irrigating in excess of the theoretical requirement prior to installation of 
the smart controller.  These are exactly the type of sites that should be targeted to receive a smart 
controller if water use reductions are the desired goal. 
 

Residential sites were more likely to increase application than non-residential sites.  
Landscape area was not a determining factor.  The mean landscape area among sites that 
increased application was smaller, but the median landscape area was higher.   
 
Table 49: Number of smart controller sites with a statistically significant change in 
application ratio 
Statistically significant change in 
Application Ratio? # of Sites % 
Increase 959 41.8%
No change (+ or – 0.006) 35 1.5%
Decrease 1300 56.7%

 

Table 50: Comparison of sites that increased and decreased irrigation application ratios 
with statistical significance after installation of a smart controller 

Category Sub-Category 

Increased 
Application 

Ratio 

Decreased 
Application 

Ratio 
Non-Residential Sites 32.9% 67.1% Customer 

Category Residential Sites 43.0% 57.0% 
Mean 22,084 28,505 Landscape Area 

(sf) Median 6,286 5,698 
Mean 131% 182% Pre-Application 

Ratio (%) Median 95% 137% 
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Weather-Normalized Change in Outdoor Water Use 
The weather-normalized change in outdoor water use presents the overall impact of the 

smart controllers installed in this study with respect to actual water conservation.  The weather-
normalized change in outdoor use volume was calculated by for each of the 2,294 smart 
controller study sites by multiplying the weather-normalized percent change in water use by the 
pre-installation seasonal volume (shown in Equation 4 and Equation 5 and described in the 
methodology)  This provides a calculation of the changes in per site water use effected by the 
smart controllers, normalized for changes in the weather conditions during the pre- and post-
installation periods at each site.  
 

Overall, outdoor water use was reduced by an average of 47.3 kgal per site (-6.1% of 
average outdoor use) across the 2,294 sites examined in this study as part of the California 
Weather-Based Irrigation Controller Programs.  This reduction was found to be statistically 
significant at the 95% confidence level.  At smart controller sites in northern California the 
average change in outdoor use was a reduction of 122.2 kgal per site (-6.8% of average outdoor 
use).  This change was not statistically significant at the 95% confidence level, but was 
significant at the 90% confidence level.  At smart controller sites in southern California the 
average change in outdoor use was a reduction of 30.9 kgal per site (-5.6% of average outdoor 
use) and this was statistically significant at the 95% confidence level.  These results and the 
findings for each agency and climate zone are presented in Table 51..   

 
In this analysis, all sites are included regardless if water use increased or decreased after 

the installation of the smart controller.  For some agencies, increases in water use offset 
decreases once the change volume was considered.  Weather-normalized outdoor water use 
decreased on average at 16 of the 17 participating agencies, but not all of these reductions were 
statistically significant at the 95% confidence level.  Statistically significant changes in outdoor 
water use were found in 8 of 17 participating agencies. 
  
 The results in Table 51 bring the magnitude of the size of the smart controller sites and 
volumes of water used into the analysis.  Application ratio analysis, as presented earlier in this 
section, treats each site equally regardless of size and historic water use.  But when weather-
normalized changes in volume are calculated, large sites take on greater significance and some 
different and interesting conclusions about the overall impact of smart controllers can be 
considered.  
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Table 51: Weather-Normalized Change in Outdoor Water Use Descriptive Statistics 
Weather-Normalized Change in Outdoor Use 

Descriptive and Validatory Statistics 
Site Locations N Mean 

(kgal) 
Std. 

Deviation 
95% 
Conf. 

Boundary 

Statistically 
Significant 
Reduction? 

% 
Change

All Sites 2294 -47.3 669.5 27.4 Yes -6.1%
Northern Sites 411 -122.2 1305.2 126.2 No -6.8%
Southern Sites 1883 -30.9 416.5 18.8 Yes -5.6%
Coastal ET Zone 655 -42.5 399.3 30.6 Yes -7.6%
Intermediate ET Zone 1444 -52.2 756.7 39.0 Yes -5.8%
 Inland ET Zone 195 -26.2 707.4 99.3 No -4.5%
Pro. Installation 920 -38.3 599.0 38.7 No -3.6%
Self Installation 1374 -53.2 712.8 37.7 Yes -9.0%
Commercial 296 -228.9 1783.8 203.2 Yes -5.6%
Irrigation 11 108.3 231.1 136.6 No 10.9%
Residential 1987 -21.1 197.0 8.7 Yes -7.3%
Alameda County WD 5 -83.6 81.2 71.2 Yes -18.5%
Burbank 76 -19.0 49.1 11.0 Yes -18.4%
Contra Costa WD 32 -15.1 268.3 93.0 No -2.1%
Eastern 87 -110.6 284.5 59.8 Yes -18.7%
EBMUD21 333 -70.0 499.0 53.6 Yes -5.8%
Foothill 245 -7.8 34.6 4.3 Yes -10.2%
Glendale 109 -5.3 12.9 2.4 Yes -18.0%
Goleta 26 -32.6 230.2 88.5 No -3.3%
Inland Empire 186 -61.6 93.7 13.5 Yes -41.6%
LADWP 477 -25.4 600.9 53.9 No -5.5%
Pasadena 17 -353.6 956.2 454.6 No -8.5%
Santa Barbara 73 -90.2 259.2 59.4 Yes -14.7%
Santa Monica 71 5.7 41.3 9.6 No 3.9%
Santa Clara Valley 34 -694.9 4254.5 1430.1 No -8.1%
Sonoma County WA 7 -340.9 753.9 558.5 No -10.9%
San Diego County WA 401 -7.4 117.7 11.5 No -4.4%
Western 115 -44.2 1007.4 184.1 No -1.0%
 

Weather-Normalized Change in Total Irrigation Volume 
  The total weather-normalized volumetric change in usage for each study site and region 
is presented in Table 52.  This table includes only the results from the 2,294 smart controller 
sites included in the impact analysis.  In this sample, with only one year of post-installation data, 
the smart controllers sites have reduced demand by 108,418.5 kilo-gallons (-144,942 hcf, 330 
acre-feet) across California.     

                                                 
21 In 2007, EBMUD requested a voluntary 10% cutback in usage from customers in response to drought conditions.  
Some of the post-installation water use data from EBMUD came from this time frame.  It was not possible to 
determine if this effort impacted water savings in this study. 
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Additional water savings results summarized by participating water agency are presented 

in Appendix H. 
 

Table 52: Summed weather-normalized change in water use (kgal) 

Weather-Normalized Total Change in Water Use Site Location 
kgal hcf acre-feet 

All Sites -108,418.5 -144,941.9 -330.0 
Northern Sites -50,215.0 -67,131.2 -152.8 
Southern Sites -58,203.4 -77,810.7 -177.1 
Coastal ET Zone -27,864.8 -37,251.7 -84.8 
Intermediate ET Zone -75,440.9 -100,855.0 -229.6 
Inland ET Zone -5,112.9 -6,835.3 -15.6 
Professional Installation -35,233.0 -47,102.1 -107.2 
Self Installation -73,185.5 -97,839.8 -222.7 
Commercial -67,751.9 -90,575.8 -206.2 
Irrigation 1,191.2 1,592.5 3.6 
Residential -41,857.8 -55,958.6 -127.4 
Alameda County WD -418.1 -558.9 -1.3 
Burbank -1,442.5 -1,928.5 -4.4 
Contra Costa WD -484.2 -647.3 -1.5 
Eastern -9,625.3 -12,867.9 -29.3 
EBMUD -23,299.0 -31,147.8 -70.9 
Foothill -1,899.5 -2,539.4 -5.8 
Glendale -579.2 -774.4 -1.8 
Goleta -846.6 -1,131.8 -2.6 
Inland Empire -11,463.3 -15,324.9 -34.9 
LADWP -12,100.1 -16176.3 -36.8 
Pasadena -6,010.6 -8,035.5 -18.3 
Santa Barbara -6,584.5 -8,802.6 -20.0 
Santa Monica 401.8 537.1 1.2 
Santa Clara Valley -23,627.7 -31,587.2 -71.9 
Sonoma County WA -2,386.1 -3,190.0 -7.3 
San Diego County WA -2,974.9 -3,977.1 -9.1 
Western -5,078.5 -6,789.3 -15.5 

 
 A summary of the weather-normalized change in water use as a percentage, a volume, 
and gallons per square foot of landscape area as well as the landscape areas is presented in Table 
53.  Mean and median values are presented.  Most of these data are presented in separate tables, 
earlier in this report, but this table provides a useful summary of some of the key findings by 
region, ET zone, installation method, customer category, and agency. 
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Table 53: Area and Weather-Normalized Change in Outdoor Water Use (kgal/year, gallons/sf, %) 
Weather-Normalized Change in Outdoor Water Use 

Area (sf) 

Per Site Change In 
Irrigation Volume 

(kgal/year) 

Gallons/Square Foot % Change 
in Outdoor 

Use 
Site Location N Mean Median Mean Median Mean Median     Mean 
All Sites 2294 28385.7 6534.0 -47.3 -6.5 -1.7 -1.0 -6.1% 
Northern Sites 411 73132.6 23786.0 -122.2 -15.6 -1.7 -0.7 -6.8% 
Southern Sites 1883 18618.9 4313.2 -30.9 -5.7 -1.7 -1.3 -5.6% 
Coastal ET Zone 655 25504.7 6638.4 -42.5 -0.2 -1.7 0.0 -7.6% 
Inland ET Zone 195 32607 6847.8 -52.2 -10.7 -1.8 -2.0 -5.8% 
Intermediate ET Zone 1444 29122.5 5208.5 -26.2 15.6 -0.8 2.3 -4.5% 
Professional Installation 920 40604.7 9781.8 -38.3 -4.5 -0.9 -0.5 -3.6% 
Self Installation 1374 20204.2 3000.0 -53.3 -7.4 -2.6 -2.5 -9.0% 
Commercial 296 119213.3 25820.6 -228.9 -49.2 -1.9 -1.9 -5.6% 
Irrigation 11 55392.9 21770.0 108.3 39.7 2.0 1.8 10.9% 
Residential 1987 14705.8 4890.0 -21.1 -4.8 -1.4 -1.0 -7.3% 
Alameda County WD 5 12779.0 3841.0 -83.6 -59.8 -6.5 -15.6 -18.5% 
Burbank 76 2480.8 2250.0 -19.0 -10.7 -7.7 -4.7 -18.4% 
Contra Costa WD 32 27624.0 10827.0 -15.1 -32.3 -0.5 -3.0 -2.1% 
Eastern 87 24062.0 13778.0 -110.6 -47.8 -4.6 -3.5 -18.7% 
EBMUD 333 69087.2 26627.0 -70.0 -19.8 -1.0 -0.7 -5.8% 
Foothill 245 3408.1 2400.0 -7.8 -3.3 -2.3 -1.4 -10.2% 
Glendale 109 2939.2 2100.0 -5.3 -2.6 -1.8 -1.2 -18.0% 
Goleta 26 43183.2 18714.8 -32.6 -40.0 -0.8 -2.1 -3.3% 
Inland Empire 186 3291.2 2665.2 -61.6 -52.9 -18.7 -19.8 -41.6% 
LADWP 477 20974.1 7004.4 -25.4 0.3 -1.2 0.0 -5.5% 
Pasadena 17 82335.9 44000.0 -353.6 -234.2 -4.3 -5.3 -8.5% 
Santa Barbara 73 40637.6 22112.0 -90.2 -65.0 -2.2 -2.9 -14.7% 
Santa Monica 71 2511.2 2400.0 5.7 1.1 2.3 0.4 3.9% 
Santa Clara Valley 34 150631.9 8998.7 -694.9 7.2 -4.6 0.8 -8.1% 
Sonoma County WA 7 140301.0 3307.0 -340.9 -47.1 -2.4 -14.3 -10.9% 
San Diego County WA 401 5333.5 2400.0 -7.4 2.0 -1.4 0.8 -4.4% 
Western 115 114775.8 26136.1 -44.2 -90.9 -0.4 -3.5 -1.0% 
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Impact of Pre-Installation Outdoor Water Use 
 As will be discussed in the modeling section, the single most significant factor 
influencing outdoor water savings at a site was  the amount of excess irrigation prior to the 
installation of a smart controller.  A site that historically applied twice the TIR clearly has more 
opportunity to reduce water use through installation of a smart controller than a site that 
historically applies 50% of the TIR.  The modeling results presented later in this report assess the 
overall impact of the pre-installation application ratio on changes in use.   
 
 Table 54 shows the average water savings results for sites that applied 100% of the TIR 
or less prior to installation of a smart controller and for sites whose pre-installation TIR was 
greater than 100%.  It is important to note that 47% of the study sites had an AR of 100% or less 
during the pre-installation period.  The average pre-application rate for these under-irrigating 
sites was 19.9 inches. The average pre-AR for these sites was 55.2% and the average ΔAR was 
an increase of .089.  Once the weighting of the differing irrigated areas was brought back into the 
analysis, the overall impact of smart controllers on the under-irrigators resulted in an average per 
site water use increase of 1.49 kgal. 
 
 About 53% of the study sites had an AR of greater than 100% during the pre-installation 
period.  The average pre-application rate among these sites was 85 inches. The average pre-AR 
for these sites was 236.6% and the  average ΔAR was a decrease of 0.353, which is over twice 
the reduction observed in the overall study group.  Once the weighting of the differing irrigated 
areas was brought back into the analysis the overall impact of smart controllers on sites that were 
over irrigating prior to installation was an average per site water savings of 90.6 kgal. 
 

The results shown in Table 54 show the impact of excess water use during the pre-
installation period on water savings achieved through installation of a smart controller.  The 
smart controllers installed in this study by and large performed as intended.  Sites that 
historically irrigated less than TIR increased their application to come closer to an AR of 100%.  
Sites that historically irrigated more than TIR decreased their application.  The data show that 
even after the installation, these historic over-irrigators were still applying more water as a group 
than was probably necessary in the post period, but savings rates may improve over time as the 
smart controllers are fine-tuned to better meet irrigation requirements. 

 
Excess use in sites that over applied during the pre year (pre-AR > 100%) dropped by an 

average of -90.6 kgal as shown in Table 54, but a significant measure of savings was “left of the 
table”.  When the excess use post-installation at these sites was analyzed it was found that on 
average 44.0% of the outdoor water use was in excess of the theoretical requirement for the site.  
The average per site excess use was 487.5 kgal compared to the average post-installation outdoor 
use of 1,108.3 kgal. 

 
In sites that did not show excess use during the pre year (pre-AR < 100%), excess use 

during the post-installation period was not observed on average, even though outdoor water use 
in this group increased slightly. 
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Table 54: Comparison of Water Savings Results by Pre-Application Ratio and Excess Use 
Analysis 

Statistic 
Pre-Application 
Ratio <=100% 

Pre-Application 
Ratio > 100% 

N 1079 1215 
N % 47.0% 53.0% 
Irrigated area (sf) 30,819 26,225 
Avg. Pre-Application Rate (in) 19.9 85 
Avg. Post-Application Rate (in) 24.1 77.6 
Avg. Pre-Application Ratio (%) 55.2% 236.6% 
Avg. Post-Application Ratio (%) 64.1% 201.4% 
Avg. ΔAR 0.089 -0.353 
Avg. Weather-Normalized Change in Outdoor 
Use (kgal) 1.49 -90.6 
% Change in Weather-Normalized Outdoor 
Use 0.43% -7.8% 
Avg. Post-Installation Outdoor Use (kgal) 361.4 1,108.3 
Avg. Post-Install Excess Use (kgal) -329.8 487.5 
Post-Use that is Excess (%) NA 44.0% 

 

Performance by Smart Controller Brand 
The data assembled in this project allow for a comparison of the performance achieved 

by each brand of controller installed at the study sites.  Controller brands installed at fewer than 
15 sites were not included in this analysis (the total number of sites in this category = 7).  
Controller brand names were made anonymous during the analysis process and were only 
exposed at the conclusion.  This analysis does not attempt to adjust for factors shown to 
influence water savings such as differences in installation method.  However, the water savings 
percentages are calculated as a percentage of pre-outdoor use, so the impacts of differences in 
area have been accounted for.22   

 
In reviewing and comparing the performance of the controllers in this study it is 

important to keep in mind that water savings is only one evaluation measure.  Another important 
evaluation parameter to consider is the post-application ratio (post-AR).  A primary goal of smart 
irrigation technology is to reliably match the actual irrigation application to the theoretical 
irrigation requirement, (to achieve a post-application ratio of 1.0).  Controllers that match actual 
applications to the theoretical requirement can be considered successful even if they do not 
reduce (or even increase) water use, because they are performing as designed. 

 

                                                 
22 Earlier versions of this document presented the controller brand analysis in a different way, based upon a 
statistical model where ΔAR was the independent variable.  Since the meaning of ΔAR is not broadly understood, it 
was decided to simply present the performance of each controller brand using the average per site water savings and 
to provide data on pre- and post-application rates and climate to help illustrate the findings. 
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Table 55 presents basic information on sites, water use, climate, application rates, TIR, 

and application ratios summarized for each controller brand.  Recall that the theoretical irrigation 
requirement (TIR) is a measure of the water requirements during the pre- and post-installation 
periods.  As shown in Table 55, the post-TIR was generally higher than the pre-TIR for most 
controller brands indicating that the average climate at these sites was a little hotter and drier 
during the post-installation period.  The exception was HydroPoint/Toro/Irritrol.  For that 
controller, the post-TIR was a little lower than the pre-TIR indicating that the average climate at 
the HydroPoint/Toro/Irritrol sites was a little cooler and wetter during the post-installation 
period.  

 
 All but one of the smart controller technologies evaluated in this study achieved a 
reduction in ΔAR on average.  There are a number of ways to adapt irrigation applications to 
match prevailing weather conditions and this study found that the type of control technology, be 
it signal or sensor based, did not significantly impact savings levels.  Within the sensor based 
systems, the device which achieved the greatest savings used an on-site solar radiation sensor 
plus a rain sensor.   
 

The variability of the data and potential sources of uncertainty discussed earlier in this 
report suggest that a nuanced view of controller performance is required.  Readers are cautioned 
against drawing too much from these results.  The long-term field performance of smart 
controllers must be considered and studied and factors aside from water savings must also be 
weighed. 
 

Table 56 presents the average weather-normalized change in per-site water use by 
controller brand and the confidence boundaries around this change along with the percent change 
this represents.  All but one controller brand reduced per-site water use on average, but not all of 
these changes were found to be statistically significant.23  Statistically significant reductions in 
weather-normalized per-site water use were found for only two brands – Accurate WeatherSet 
and ET Water.   

 
Accurate WeatherSet controllers, developed and built by a small company based in 

Winnetka, California (part of Los Angeles), were the most successful technology at reducing 
average outdoor demands.  Installed at 342 mostly residential sites mostly in southern California, 
the Accurate WeatherSet achieved an average weather-normalized per site savings of 50.5 kgal 
which represented a 33.2% reduction.  Accurate WeatherSet calculates onsite ET based on data 
from onsite solar radiation sensor and also includes a rain shutoff device. Accurate WeatherSet 
works off the premise that solar radiation usually accounts for about 90% of ET and as result, the 
solar sensor tracks ET. Accurate WeatherSet also adds an eight-percent correction to the solar 
data. 

 
ET Water Systems was the only other technology to achieve a statistically significant 

reduction in outdoor water use in this study.  Installed at 94 mostly non-residential sites mostly 
in northern California, ET Water achieved an average weather-normalized per site savings of 
185.4 kgal which represented a 6.2% reduction. ET Water uses a web-based interface that 
                                                 
23 Statistical significance was calculated at the 95% confidence level for this analysis.  
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controls and monitors irrigation. The web interface collects site information, determines start 
times based on ET data from public and private weather stations, provides users with detailed 
watering history and tracks controller information.  The ET Water system requires either a phone 
connection or internet connection between the controller at the site and the server computer, 
which manages the entire network of sites. Users are able to log onto the server using a password 
via the internet and monitor or modify the program at will. 

 
Five other controller technologies achieved weather-normalized per site savings in this 

analysis, but these changes were not statistically significant at the 95% confidence level.  With 
an increased sample size and additional years of data, it is possible that that statistically 
significant water savings may be achieved with these technologies. 

 
 The HydroPoint/Toro/Irritrol controller was the only technology that did not achieve any 
water savings in the analysis shown in Table 56.  However, the persistence of savings - multi-
year analysis (presented later in this report) evaluates the performance of  smart controllers at 
over 380 sites.  More than 90% of the controllers in this analysis were HydroPoint/Toro/Irritrol 
technology.  By year three, the average water savings found in this group was approximately 
16%.  In this study, the first available year of post-installation data were used to perform the 
fundamental evaluation.  The HydroPoint/Toro/Irritrol did not reduce demands on average in the 
first year, but the multi-year analysis indicates substantially improved performance over time.   
 

Changes in water use are highly dependent on the pre-retrofit application ratio, a factor  
which the manufacturers had no control over (as this study was designed).  A good example of 
this can be seen in the HydroPoint controller group that had a pre-AR of 1.06 and a post-AR of 
1.13.  Obviously, these controllers could not be expected to reduce the application rate much in 
this group of customers because the sites were already applying close to the TIR prior to 
installation.   A similar situation existed for the ET Water Systems controllers.  In this case the 
average pre-AR at ET Water sites was 1.03 and the average post-AR was 0.94, which was the 
closest to the target of 1.0 of all of the controllers in the study. 

  The potential for additional technologies to achieve statistically significant savings and 
the performance of the smart controllers over time (presented later in this report) highlight the 
importance of continuing to monitor the performance of these technologies.  The sample 
developed for this study can have considerable value as additional data become available. 
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Table 55: Summarized data by controller manufacturer (area, application rate, TIR, AR, ΔAR) 

Manufacturer/Brand N 

Avg. 
Area 
(sf) 

Avg. Pre-
Application 

Rate  
(in) 

Avg. Post-
Application 

(in) 

Avg. 
Pre-TIR 

(in) 

Avg. 
Post-

TIR (in)
Avg. 

Pre AR 
Avg. 

Post AR ΔAR 
Accurate WeatherSet 342 3,723 83.5 66.1 34.3 40.2 2.47 1.67 -0.80 
Aqua Conserve 288 42,856 64.0 61.9 37.9 40.2 1.80 1.68 -0.12 
Calsense 17 415,095 47.7 50.8 33.4 37.2 1.42 1.34 -0.08 
ET Water 94 152,474 34.5 32.4 33.1 34.1 1.03 0.94 -0.09 
Hunter 44 34,521 23.2 20.4 29.8 31.0 0.76 0.66 -0.10 
HydroPoint/Irritrol/Toro 642 32,212 36.8 36.7 34.7 32.0 1.06 1.13 0.07 
Rain Master 22 85,501 87.3 93.5 33.3 38.8 2.62 2.42 -0.20 
Weathermatic 838 6,514 50.2 52.7 34.9 38.4 1.43 1.38 -0.05 
All Sites 2287 28,386 52.3 50.3 34.9 36.8 1.51 1.37 -0.14 

 
Table 56: Summarized data by controller manufacturer (weather-normalized change in use, % change in per site outdoor use) 

Manufacturer/Brand N 

Avg. Weather-
Normalized 

Change In Use 
(kgal) 

Std. Dev. Weather-
Normalized 

Change In Use 
(kgal) 

95% Conf. 
Interval 

Statistically 
Significant? 

Avg. % Change 
in Outdoor Use 

Accurate WeatherSet 342 -50.5 85.5 + or - 9.1 Yes -33.2% 
Aqua Conserve 288 -159.4 1492.6 + or - 172.4 No -10.0% 
Calsense 17 -1114.1 3043.2 + or - 1446.6 No -12.0% 
ET Water 94 -185.4 810.0 + or - 163.7 Yes -6.2% 
Hunter 44 -40.1 150.5 + or - 44.5 No -13.3% 
HydroPoint/Irritrol/Toro 642 4.5 439.2 + or - 34.0 No 0.5% 
Rain Master 22 -270.5 853.7 + or - 356.7 No -6.9% 
Weathermatic 838 -5.1 85.6 + or - 5.8 No -4.2% 
All Sites 2287 -47.5 670.0 + or - 27.5 Yes -6.1% 
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Persistence of Savings – Multi-Year Analysis 
 The results for smart controller sites shown to this point compare a single year of pre-
installation data against a single year of post-installation data.24  While these results are 
encouraging and show that smart controllers can reduce weather-normalized outdoor use on 
average, the longer-term performance of smart controllers in the field is of critical importance.  
Do water savings persist over time after the installation of a smart controller?  Do the water 
savings decay?  These important issues must be addressed. 
 
 The data assembled by the research team allowed for only a limited examination of the 
persistence of water savings at smart controller sites.  At the outset of the project it was thought 
that two or even three years of post-installation data would be available for many sites.  When 
the research team examined the data sets provided, it was determined that a multi-year post-
installation analysis would only be possible to complete for a smaller subset of smart controller 
sites, mostly located in southern California, primarily in the LADWP and Santa Monica service 
areas.  Those results are presented below. 
 
 To conduct an analysis of the water savings achieved over more than one year, it was first 
necessary to identify the study sites for which sufficient data were available.  From the 2,294 
sites included in the overall impact analysis, the following data points were required for a site to 
be included in this analysis: 
 

• One complete year of pre-smart controller installation water use data 
• At least three complete years of post-smart controller installation water use data 
• ET and rainfall data corresponding to the same period of time as the water use data. 

 
All other necessary data, such as landscape area, were available for these sites to be 

included in the set of 2,294. 
 
After reviewing the available water use and climate data it was determined that a 

reasonable sample size for this analysis could only be obtained if three years of post-installation 
data were used.  Three years of post-installation data were available for 384 smart controller 
sites.  The controllers included in this group were installed from 2002 – 2005, so data from years 
2005 and 2006 represent year 1 and 2 for some controllers and year 2 and 3 for other controllers.  
Weather data were tagged to each customer and date based on location and billing data period as 
was done in the overall water savings analysis. 

 
The results show that the controllers in this sample did better over time and in particular 

in the third year following installation.  During post-installation year 1, weather-corrected 
percent change in water use increased by 6%.  In year 2, the weather-corrected percent change 
water use showed a decrease 7.8% vs. the pre-install year.  In year 3 the weather-corrected 
percent change in water use showed a decrease of 16.4% vs. the pre-install year.  The key result 
of the multi-year analysis is presented in Figure 28.  These results suggest that over the long 

                                                 
24 The first complete year of post-installation water consumption data were used to conduct the analyses in this 
study. 
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term, water savings from smart controllers may actually improve, but additional research in this 
area is required to validate these findings.   

 
A list of the controller technologies included in the multi-year analysis sample of 384 

sites is presented in Table 57.  HydroPoint/Toro/Irritrol controllers were installed at more than 
90% of the sites in the multi-year sample so this analysis largely reflect the performance of this 
technology over time.  Aqua Conserve accounted for 8% of the sites in this sample.  A 
smattering of other controller technologies were also included as shown in Table 57. 
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Figure 28: Weather-normalized percent change in outdoor for 3 years post-smart 
controller installation, n=384 
 
Table 57: Smart controller technologies included in the multi-year analysis 

Controller Brand 
# of 

Sites % 
Avg. Area 

Per Site (sf) 
Aqua Conserve 29 8% 59,366
Calsense 1 0% 225,626
ET Water 1 0% 32,000
HydroPoint/Irritrol/Toro 349 91% 7,796
Rain Master 4 1% 103,289
Total 384 100% 13,316

 
 More data on the long-term performance of smart controllers is required.  The DWR 
contract with the participating water agencies in northern and southern California specifies that 
post-installation water use must be tracked over a five-year period.  The agencies in this study 
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plan to continue to monitor the impacts of smart controllers over the coming years and to track 
the persistence and decay of water savings over that time.  As many more controllers were 
installed that were not able to be included in this study, this offers an important opportunity to 
increase the sample size and further examine the impacts of smart controllers in the field. 
 

Since much of the critical data on the study sites has already been obtained, long term 
monitoring of the water use at these sites should not be overly burdensome.  The value of a 
sample of sites such as these, monitored over a period of five years is tremendous and offers an 
opportunity to evaluate the on-going performance of smart controllers that should not be missed. 
 

 Modeling Results from California Smart Controller Programs 

Multiple regression analysis was used to determine the factors that did and did not 
influence changes in water use.  Multiple regression analysis was also used to compare the 
performance of different smart controller technologies on a level playing field because factors 
that were shown to influence water use could be controlled for as much as possible.  All analyses 
that involved a comparison of one or more factors or groups were completed through the 
multiple regression effort. 

 
Multiple regression analysis allowed the researchers to examine the relationship between 

key site characteristics (such as controller technology) and water savings estimates after 
adjusting for factors known to influence savings such as the application rate prior to installation 
of the smart controller.  

 
Multiple regression models were developed using two approaches.  First, bivariate 

relationships between water use and factors that might be associated were carefully examined.  
Where a significant relationship was observed, the factor was deemed appropriate for inclusion 
in a multiple linear regression model.  Next multiple regression models on theoretical grounds 
using factors the researchers hypothesized could be influential on water savings.  Ultimately, the 
model with the best fit was selected.  Separate models were also developed for northern and 
southern California.  The best-fit model for each region is presented in Appendix I. 

 
A multiple linear regression model allows the simultaneous examination of the 

association of multiple factors with a single outcome measure of interest, often referred to as the 
dependent variable.  In this instance, the estimated annual percent water savings per site was the 
dependent variable.  The factors examined for an association with the dependent variable are 
referred to as independent or predictor variables.  This simultaneous examination allowed 
researchers to look at a particular association of interest, for example the association of smart 
controller technology, simultaneously adjusted for all the other variables in the model. 

 
Factors with p-values less than 0.05 were considered statistically significant, at the 95% 

confidence level. 
 
The results of this analysis are based on mathematical models and other statistical tools 

that seek to find the center point of a large group of data, or a line that represents the best fit 
between two variables.  Thus, by definition, there will always be data points above and below the 
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values predicted by even the best models.  Statistical models often give the impression of great 
precision, however in reality these models seldom predict water savings for any specific site very 
well, but if the fit is good they will usually predict water savings for a large group much better.  
From the perspective of any planning or policy study that deals with large groups, the ability to 
understand group dynamics (as opposed to individual dynamics) is the key to good decision 
making. 

 

Factors that Influenced Water Savings 
The following factors were examined and determined to have a statistically significant 

impact on the change in application ratio: 
 
• Pre-smart controller Application Ratio – the pre-application rate relative to the 

calculated pre-theoretical irrigation requirement 
• Installation method (self vs. professional) 
• Participating agency (sometimes significant) 

 
The multiple regression model presented here represents the best-fit multiple regression 

model.  The independent variables in the model include the installation method (self vs. 
professional), participating water agency (LADWP used as referent25), and the pre-smart 
controller Application Ratio (pre-AR).  The dependent variable was the Application Ratio 
change score – ΔAR.  Fundamental information and statistics are presented in Table 58.  Once 
constructed, this model was used iteratively to test the influence of other variables of interest.  
 
Table 58: Model #1 summary statistics, coefficient of determination, and significance 

R R2 Adjusted R2 Std. Error of 
the Estimate 

Degrees of 
Freedom 

P-value 

0.497 0.247 0.241 0.8150 2290 0.000 
Predictors: (Constant), pre-AR, installation method, climate zone, water agency 
Dependent variable: ΔAR. 
 

The coefficient of variation (R2) for the model is 0.247.  This value indicates that this 
model explains 24.7% of the variability in the data.  The P-value for the model is 0.00 indicating 
that whatever fit does exist is statistically significant at the 95% confidence level. 

 
The unstandardized B coefficients (or beta coefficients) presented in Table 59 show the 

magnitude of the effect of the different independent variables in the model.  Of particular interest 
are the coefficients for pre-AR and the installation method. Factors with p-values less than 0.05 
were considered statistically significant, at the 95% confidence level. 

 
A Bonferroni Correction procedure was applied to ensure fully robust comparisons of 

independent variables.  In this case the procedure did not impact the findings of statistical 
significance.  Factors that were highly significant remain significant after the Bonferroni 

                                                 
25 Any agency could be used as a referent without impacting the overall results. 
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Correction.  Factors that were not statistically significant are even less significant after 
implementing the Bonferroni Correction. 

 
The pre-Application Ratio had a B coefficient of -0.283.  This indicates that sites that 

over-irrigated during the pre-smart controller period were more likely to experience a reduction 
in water use.  Sites with professional installation had a B coefficient of 0.187.  This indicates that 
controllers that were professionally installed reduced water use less than sites that were self 
installed.  Differences between climate zones was not statistically significant.  

 
Agency variables were not included in the model for the purpose of comparing results 

between agencies.  Rather, by including each agency as a variable, the model is able to correct 
for potential systematic differences between agencies.  These differences could include:  the 
manner landscape area was measured and the relative accuracy of that factor between agencies, 
differences in the accuracy of water use data, water rate structures and pricing, and differences in 
smart controller program implementation methodology.  The agency variable is also a surrogate 
for the regional variable (northern or southern California) and the programmatic differences 
between the smart controller distribution efforts discussed in the process evaluation.26  
Correcting for potential systematic differences between agencies increases confidence if the 
findings related to other variables in the model.  For example, the reliability of the difference 
found between residential and non-residential properties is improved by the fact that the model 
has corrected for potential differences between utility agencies.  It was decided to include the 
agency factor at the recommendation of Dr. Tom Chesnutt of A&N Technical Services who 
reviewed early modeling efforts at the 2008 WaterSmart Innovations Conference.  The team 
statistical consultant Dr. Peter Bickel concurred with the recommendation and it was decided to 
include the agency variable in all models developed for the study to correct for any potential 
systematic differences in the data provided by the agencies to the research team. 

 
It should be noted that all of the beta coefficients in Table 59 are additive and provide a 

method to estimate the change in Application Ratio (ΔAR) for a given property.  The generic 
equation including all of the statistically significant factors is in the form: 
 
 u = C0 + B1x1 + B2x2 + B3x3 + B4x4 + B5x5 + …. 
 Where: 

u = ΔAR 
C0 = Constant 
B1 = B coefficient for pre-AR factor  
x1 = the pre-AR value for the site 
B2 = B coefficient for residential sites 
x2 = 1 if site is designated “professional install”, 0 if not 
B3 = B coefficient for Alameda County WD 
x3 = 1 is site is located in Alameda county WD, 0 if not 
B4 = B coefficient for Contra Costa WD 
x4 = 1 if site is located in Contra Costa WD, 0 if not 
etc. 

                                                 
26 Region (northern or southern California) by itself was not found to be a statistically significant explanatory 
variable. 
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Table 59: Model #1 coefficients and significance of independent variables 
Independent Variable B* Std. Error t P-value P-value 

w/Bonferroni 
Correction 

(Constant) .237 .056 4.230 .000 .000 
Pre AR -.283 .014 -20.218 .000 .000 
Professional install .187 .049 3.792 .000 .000 
Intermediate climate zone -.041 .049 -.831 .406 7.308 
Inland climate zone -.011 .074 -.145 .884 15.912 
ACWD -.947 .367 -2.580 .010 0.18 
Burbank .028 .104 .273 .785 14.13 
CCWD -.214 .152 -1.407 .160 2.88 
Eastern -.229 .097 -2.364 .018 0.324 
EBMUD -.080 .057 -1.408 .159 2.862 
Glendale -.108 .090 -1.198 .231 4.158 
Goleta -.102 .167 -.610 .542 9.756 
Inland Empire -.472 .076 -6.233 .000 .000 
Pasadena .350 .203 1.719 .086 1.548 
Santa Barbara -.248 .107 -2.306 .021 0.378 
Santa Monica .481 .109 4.412 .000 .000 
SCV .768 .148 5.181 .000 .000 
SCWA -.167 .312 -.534 .594 10.692 
SDCWA .300 .058 5.189 .000 .000 
Western -.118 .092 -1.288 .198 3.564 
Dependent variable: ΔAR. 
*Unstandardized coefficient.  Represents the magnitude of each independent variable in change in Application Ratio – AR; 
(negative = reduction) 
 

  
Pre-Smart Controller Application Ratio.  An important factor influencing water 

savings at the study sites was the level of over or under irrigation at the site before the 
installation of the smart controller.  Sites that applied a lot more water than was theoretically 
required before the smart controller was installed tended to exhibit the biggest reductions.  Sites 
that applied less water than was theoretically required before the smart controller tended to 
exhibit increases.  The Pre-AR, which is the pre-smart controller Application Ratio, is a 
measurement of the application rate compared to the theoretical irrigation requirement.  The 
bivariate and ANOVA analysis showed the pre-AR to be a statistically significant factor in 
predicting the level of water savings at a smart controller site.  In other words, sites using more 
water than necessary to begin with were the most likely to reduce their water use after 
installation of a smart controller.  This finding is perhaps not surprising, but is important to 
understand and appreciate when reviewing the modeling results below and when developing 
smart controller distribution programs with the goal of maximizing water savings.  The pre-AR 
was included as an independent variable in all models developed in this research study. 

 
Installation Method (Self vs. Professional).  Two distinct installation methods were 

identified through this research – self installation and professional installation. Sites designated 
as “Self-Installed” indicate the customer was solely responsible for installing and programming 
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the controller. However, at self-installed sites, the customer could easily have hired someone to 
perform these tasks without the knowledge of the agency or the evaluation team.  Sites 
designated as “Professional/Utility” installed indicate that the controller was installed and/or 
programmed by an irrigation professional, utility representative, or other party besides the 
customer.  This category includes sites where a landscape professional completed all aspects of 
the installation and sites where the customer physically mounted the clock and a utility 
representative inspected the installation, reviewed the program, and potentially made changes to 
the controller set up.  Not enough information was available to the evaluation team to distinguish 
further between these installation methods. 

 
As shown the in the Model #1 results above, the installation method of the smart 

controller was a statistically significant factor in explaining the change in water use.  Controllers 
that were self-installed reduced water use more on average than sites that were professionally 
installed.   

 
Participating Agency.  The participating agency variable was sometimes found to be 

statistically significant in the model and sometimes not, as shown in Table 59.  Since LADWP 
was used as the referent group in Model #1, the B coefficient represents the relative change in 
water use for the specified agency in comparison to LADWP.  The selection of referent agency 
does not change the fundamental outcome of the model.  Although the agency variable achieved 
statistical significance in a number of cases, it was included in the model because of the 
researcher’s desire to account and correct for any potential systematic differences in the 
provision of data from different agencies. These differences could include:  the manner 
landscape area was measured and the relative accuracy of that factor between agencies, 
differences in the accuracy of water use data, differences in rates and rate structures, and 
differences in smart controller program implementation methodology.  The agency variable is 
also a surrogate for the regional variable (northern or southern California) and the programmatic 
differences between the smart controller distribution efforts discussed in the process evaluation.  
Correcting for potential systematic differences between agencies increases confidence if the 
findings related to other variables in the model.  For example, the reliability of the difference 
found between residential and non-residential properties is improved by the fact that the model 
has corrected for potential differences between utility agencies. 

 
Smart Controller Manufacturer.  Differences if the water savings achieved between 

smart controller products were estimated in this study.  These differences were not statistically 
significant for any controller brand.  A detailed analysis and explanation of the comparison of 
water savings by controller manufacturer is presented below.  Great care was taken to try and 
level the playing field as much as possible for these comparisons, but because the statistical 
models constructed for this study only explain about 25% of the variability in savings, it is 
simply not possible to fully correct for all influencing factors.  Nevertheless, the results presented 
in this report do show that some differences in controller performance were measured.  Nearly all 
the controller brands included in this study succeeded in effecting weather-normalized water 
savings.  The results of this study show that as a whole, smart controllers do reduce irrigation 
applications.  The specific technology employed and controller manufacturer is less important to 
achieving water savings than installing the device at a site where an excess of irrigation water 
has been historically applied. 
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As discussed in the analysis below on factors that did not influence water savings, the 

type of control technology (on-site sensor, historic ET, remote data signal, soil moisture sensor) 
did not impact water savings.  Neither did the ET climate zone where the controller was 
installed, nor the installation method (self vs. professional). 

Factors that Did Not Influence Water Savings 
The following factors were examined and determined not to have a statistically 

significant impact on the change in application ratio through the regression analysis: 
 

• Site classification (residential vs. non-residential) 
• Region (northern vs. southern California) 
• Climate zone (coastal, intermediate, inland) 
• Smart irrigation control methodology (historical ET, on-site readings, remote 

readings, soil moisture sensor) 
• Landscape area 

 
Site Classification (Residential vs. Non-Residential).  The classification of a smart 

controller site as residential or non-residential was not a statistically significant factor in 
explaining the change in water use.  Residential and non-residential sites both reduced water use 
by a similar amount as shown in Table 48 with residential sites having a weather-normalized 
percent change in irrigation application of -14.5% and non-residential sites having a change of -
15.4%. 

 
Region (northern vs. southern California).  The regional location of a study site in 

either northern or southern California was not a statistically significant factor in explaining the 
change in water use after installation of a smart controller.  Including this factor did not improve 
the fit of any of the models examined, hence it was excluded from the model presented in earlier 
in this section. 

 
Climate Zone (coastal vs. intermediate or inland).  Smart controller study sites were 

placed into three distinct ET climate zones based upon the location of the CIMIS station from 
which climate data were obtained.  Stations located in CIMIS zones 1, 2, or 3 were designated as 
coastal.  Stations located in CIMIS zones 4, 5, or 6 were designated as intermediate.  Stations 
located in CIMIS zones 7 or higher were designated as inland.  A map of California showing the 
different CIMIS ET zones is provided in Appendix C. 

 
Water savings in the intermediate and inland climate were greater than in the coastal zone 

after correcting for agency and the level of over irrigation prior to installation, but the result was 
not statistically significant. 

 
Smart Irrigation Control Methodology.  Statistically, none of the different irrigation 

control methodologies stood out in terms of water savings.  The smart controllers installed for 
this study used one (or a combination) of four methodologies to adapt irrigation run times to 
meet prevailing weather conditions.  These methodologies were distinguished into the following 
four categories for analysis: 
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• On-site data (temperature, precipitation, humidity or other factors measured locally) 
• Remote data (signal broadcast to each smart controller from remote source) 
• Historical data (locally adjusted ET curve pre-programmed into each smart controller) 
• Soil moisture sensor (local measurement(s) of soil moisture levels) 

 
Detailed information about the irrigation control methodologies of the controllers 

installed in this study is provided in Appendix A.  Some smart controller products utilize more 
than one methodology and were included in multiple categories. 

 
Four separate multiple regression models were constructed to examine the impact of each 

control methodology separately.  The multiple regression models used to examine control 
methodology included corrections for the Application Ratio during the pre-installation year and 
for the utility agency from which all relevant data were obtained.  None of the four was found to 
have a statistically significant impact on water savings compared to each other.  These results are 
summarized in Table 60.  In all cases the adjusted coefficient of determination (R2) of the models 
was 0.547, indicating that the model explains only 54.7% of the variability in the data.  The P-
value for the model is 0.00 indicating that whatever fit does exist is statistically significant at the 
95% confidence level. 
 
Table 60: Smart irrigation control methodology modeling results 
Control Methodology N* p-value Statistically 

Significant? 
Overall Model 
R2 & p-value**

On-site data 1883 0.633 No 0.547 & 0.000 
Remote data 758 0.983 No 0.547 & 0.000 
Historical data 327 0.607 No 0.547 & 0.000 
Soil moisture sensor 17 0.552 No 0.547 & 0.000 
*Some controllers utilize more than one methodology 
**A value less than 0.05 indicates statistical significance 
  

Landscape Area.  When included as a dependent variable, the landscape area at each site 
did not improve the fit the of any model where ΔAR was the independent variable.   This result 
is not unexpected given that the calculation of ΔAR involves reducing the influence of area by 
dividing by the landscape area to calculate both the pre and post-application rate.  

  
Intrinsically, landscape area should not impact the ability of a smart controller to achieve 

an accurate application ratio or to impact how an installer programs the controller.  Area is not a 
programming parameter for any controller that was studied in this project.  Rather, irrigation 
schedules are typically developed based on a variety of factors such as plant material, 
precipitation rate, sprinkler type, soil, historic ET, and other landscape characteristics.  The 
model residuals were also examined in relationship to landscape size to test for 
heteroscedasticity, and this was not found to be an issue with this data set. 
 

Customer adjustments to smart controller after installation.  In the customer 
satisfaction survey, respondents were asked if they made changes to their smart controller after 
installation.  Survey responses from 625 smart controller sites were able to be linked to the water 
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use and savings database enabling the researchers to construct statistical models to examine this 
and other questions.  A total of 96 respondents who indicated that they did make adjustments to 
their controller after installation were compared against those that did not via the multiple 
regression procedure described earlier.  The model used to examine customer changes to 
controller programming included corrections for Application Ratio during the pre-installation 
year.  Respondents who indicated that they did change the programming had a lower estimated 
water savings (i.e. saved less water), but the p-value was 0.391 indicating the finding is not 
statistically significant at the 95% confidence level. 

 
Repairs to the irrigation system during or after installation of smart controller.  

Repairing irrigation systems did not result in statistically significant water savings. In the 
customer satisfaction survey, respondents were asked if they had made changes to their irrigation 
system at the time the smart controller was installed and then again if any changes had been 
made to the system in the year since the smart controller was installed.  The survey instrument 
(presented in Appendix E) provided a list of 15 different changes that could have been made to 
the irrigation system including things such as repairing broken heads, capping unnecessary 
heads, repairing leaks, eliminating over spray, repairing valves, changing heads, removing zones, 
etc.   

 
More than 30 separate multiple regression models were constructed to test the impact of 

each possible response individually.  The models constructed to examine changes to the 
irrigation system included corrections for the Application Ratio during the pre-installation year.  
In none of the models did the change to the irrigation system result in a statistically significant 
change in the estimated water savings.  The changes were also tested in aggregate to determine if 
respondents who made any change whatsoever to their irrigation system during or after 
installation of the smart controller saved additional water.  Again, no statistically significant 
change in water savings was found.  For the sake of brevity, the details of these models are not 
presented in this report. 

Sensitivity Analysis 
Sensitivity analysis can be used to examine how the variation or uncertainty in the output 

of a mathematical analysis can be apportioned.  In this study there are three primary data inputs 
used to estimate changes in water use.  These data inputs are: 

 
1. Water consumption data from billing records 
2. Landscape area data (various sources) 
3. Climate data - ET and precipitation from CIMIS 

 
Water consumption data were provided by the water agencies and are essentially 

immutable.  There could be errors in these data, but there is no way to find or determine what 
they are or the magnitude of their effect.  Investigating these data beyond the hypothetical 
questions raised is beyond the scope of this study.  It should be noted that the research team has 
made every effort to assure the quality and integrity of these data through the analytic process. 

 
Landscape area data were provided by each participating agency. Methods for measuring 

the landscape area varied by agency and in many cases information about the measurement 
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method utilized was not provided to the analysis team.  Since landscape area was fundamental to 
the analytic approach of the study, the analysis team moved forward with the data provided.  
Like the water use data, the landscape area data are immutable and not subject to interpretation.  
Future researchers may wish to refine landscape area measurements which may improve overall 
accuracy of the results, but it was beyond the scope and budget of this study to independently 
verify the landscape area data provided. 

 
Of the three key data inputs, only climate data offers a real opportunity to investigate the 

impact of analytic assumptions in the study.  Specifically, these analytic assumptions are (1) the 
calculation of effective precipitation; (2) the selection of landscape coefficient (Kc) value of 0.8 
used to formulate the theoretical irrigation requirement (TIR).  Please see the Research 
Methodology chapter for a more complete explanation of these terms including the formulae. 

 
The impact of these assumptions can be tested as part of a sensitivity analysis by 

changing the theoretical irrigation requirement (TIR).  The researchers considered two 
alternative values for the TIR for this exercise: 

 
Sensitivity Test #1:  
Theoretical Irrigation Requirement (TIR) = ETo  
 
ETo in Sensitivity Test #1 means the gross ETo values obtained from CIMIS.  

Precipitation is not deducted and no landscape coefficient is applied.  This increases the 
magnitude of the TIR value during both the pre- and the post-installation years.  As shown 
below, the impact of this assumption is to reduce the overall changes in application ratio 
measured. 

 
Sensitivity Test #2:  
Theoretical Irrigation Requirement (TIR) = (ETo*Kc  ) – effective precip(v2)  

  
In Sensitivity Test #2, an alternative method for calculating the amount of effective 

precipitation is used in which a maximum of 50%, rather than 25%, of the total precipitation 
considered effective, but values vary by region.  For comparison, in the primary analysis 
presented in this study, an average of 23% of the total precipitation was considered effective.  In 
Sensitivity Test #2, this decreases the magnitude of the TIR value during both the pre- and the 
post-installation years.  A similar decrease to the TIR would be achieved by changing the value 
of Kc from 0.8 to 0.7 as is proposed for the new California Model Landscape Ordinance.  In 
Sensitivity Test #2, the average and median TIR values in this method don’t show a big 
difference from the primary methodology, but the distribution of values between sites is different 
enough to an effect a significant difference in the overall water savings measured. As shown 
below, the impact of this assumption is to increase the change in application ratio measured. 

 
These two sensitivity tests examine the impact of the theoretical irrigation requirement 

assumptions by both increasing and decreasing its magnitude to virtually the maximum and 
minimum that could be deemed reasonable under any rational analytic approach.  The research 
team and the project advisory committee chose the approach method presented because it offered 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management                  122  

a balance between the two extremes presented in the sensitivity analysis.  A comparison of the 
sensitivity analysis findings is shown in Table 61. 

 
The percent change in application ratio shown in Table 61 is the key finding from the 

sensitivity analysis.  In Sensitivity Test #1, increasing the theoretical irrigation requirement 
results in a reduction of the estimated overall reduction in ΔAR to -10.9% across all study sites.  
In Sensitivity Test #2, decreasing the theoretical irrigation requirement results in an increase in 
the estimated ΔAR to -16.5% across all study sites. 

 
Table 61: Comparison of sensitivity analysis findings 

Analysis Parameter Mean Median Std. 
Dev. N 

Primary TIR Pre (inches) 34.9 34.9 5.2
TIR = (ETo*0.8) - eff. Precip TIR Post (inches) 36.8 36.8 6.4
eff. Precip ~ 23% of total % Change in ΔAR -0.145 - 0.935

2294 

Sensitivity Test #1 TIR Pre (inches) 37.1 37.0 4.8
TIR = ETo TIR Post (inches) 39.6 38.8 5.1
 eff. Precip ~ 0% of total % Change in ΔAR -0.109 -0.127 0.838

2294 

Sensitivity Test #2 TIR Pre (inches) 31.8 31.1 8.8
TIR = (ETo*0.8) - eff. Precip. TIR Post (inches) 33.9 35.4 6.2
eff. Precip ~ 50% % Change in ΔAR -0.165 -0.235 2.467

2294 

 
Most significantly, the sensitivity tests show that even with a different methodology for 

calculating the theoretical irrigation requirement, the key study findings of water use savings 
through installation of smart controllers is not altered.  The magnitude of the savings estimates 
changes depending up how precipitation is included in the weather correction, but reductions in 
ΔAR (and consequently water savings) will be found under any reasonable calculation of the 
theoretical requirement.  The research team believed that the primary analysis methodology 
chosen for this study, which happens to fall squarely in between the two sensitivity tests shown 
here, was the most objective, horticulturally appropriate, and scientifically valid approach.  That 
is why the analysis presented in this report focused on that calculation of the theoretical 
irrigation requirement.  The sensitivity analysis shows that other approaches were considered and 
evaluated as well and also resulted in an overall finding of water savings accomplished by the 
California smart controller programs. 

Cost-Effectiveness Analysis 

 Installing smart controllers may or may not be cost-effective for a utility or their 
customers.  The determination of cost-effectiveness depends upon the water savings, the avoided 
cost for water, local retail water rates, the discount rate factor used, and the expected useful life 
of the product. 
 

In this study, which spanned four years, included multiple smart controller technologies, 
and involved nearly 30 water utilities, it was simply not feasible to conduct a traditional benefit-
cost analysis for all possible conditions.  Neither the full costs nor the full benefits of smart 
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controller programs was adequately measured by any party.  What was possible was to use the 
water savings measured through this evaluation study to develop a series of cost-effectiveness 
analyses with the goal of determining the level of investment (or expenditure) that could be 
justified for the purpose of providing incentive and purchasing a smart controller.   

 
The cost-effectiveness analysis was developed to examine both the utility and customer 

perspectives on the purchase and installation of smart controllers.  No attempts were made to 
present the costs of purchasing, installing, and maintaining a controller.  Although some retail 
controller price information (from 2007) is presented in Appendix A, the actual price paid by 
utilities and customers was only provided to the research team for a limited set of study sites.  
Utility costs for implementing the program are extremely difficult to account for. Since this was 
a pilot effort with several changes of course, the agency costs are really not representative of 
what could be expected for a utility with a fresh start seeking to implement a program today, 
equipped with the information and guidance provided in this report.  Cost-effectiveness analysis 
would normally extend to social costs like reduced runoff and non-point source pollution, but as 
data on runoff and pollution were not collected in this study these elements could not be included 
in this analysis. 

 
The cost-effectiveness analysis was conducted from two perspectives: (1) the water 

utility; and (2) the end user or customer.  For the water utility perspective, cost-effectiveness 
analysis was used to determine the incentive levels that could be reasonably justified for a water 
utility based on the water savings measured in the study.  For the customer perspective, cost-
effectiveness analysis was used to determine the level of investment it would be reasonable for a 
customer to make in a smart controller given the anticipated water and cost savings achievable 
through installation of the device.   

Cost-Effectiveness:  Utility Perspective 
 For the water utility perspective, cost-effectiveness analysis was used to determine the 
incentive levels that could be reasonably justified for a water utility based on the water savings 
measured in the study and the marginal annual cost the utility pays for water.  In other words, the 
cost-effectiveness analysis offers an estimate of the amount of money a utility might consider 
offering as an incentive to  randomly selected customers given their avoided annual marginal 
costs for new water, the smart controller program methodology to be employed, the screening 
process to focus on over-irrigators,  and the anticipated per customer water savings. 
  
 In determining which avoided costs to use the utilities should determine the cost for the 
most expensive water supply (the marginal cost) that they pay for water.  Many systems have 
many different costs for various water supplies.  Savings in water use will generally come from 
the last, and presumably the most expensive water supply. Thus the savings to the utility should 
be bases on costs for their marginal water supplies; not average costs. 
 

The cost-effectiveness analysis was constructed using the average per customer water 
savings estimated for all sites with four different landscape areas (4,000 sf, 12,000, 25,000, sf, 
and 150,000 sf).  These areas encompass the range of residential and non-residential landscapes 
found in northern and southern California and elsewhere.  While not specifically designated as 
residential and non-residential analysis, the smaller landscape sizes are more typical of 
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residential properties and the larger landscape sizes are more typical of commercial and 
dedicated irrigation properties. In reviewing these tables it should be kept in mind that if the 
customers had been selected from just the over-irrigators the per site water savings would 
approximately double (from 1.67 gpsf in the overall group to 3.45 gpsf in the over-irrigators.) 
This would proportionally increase the savings and benefits for both the utility and the customer. 
 

The basic assumptions and parameters for the cost-effectiveness analysis are presented in 
Table 62.  The mean water savings were considered.  A range of values for the avoided annual 
cost of water were considered.  Many different utility agencies participated in this study and 
since each agency may have their own calculated avoided cost for water, the cost-effectiveness 
analysis considered a broad range of values.  The avoided annual cost of water for the California 
agencies in this study ranges from approximately $100/acre-foot up to $1,000/acre-foot.  For 
many agencies in other parts of the country the avoided cost for water can be as high as $5,000 
per acre-foot in extreme cases.  Since it is anticipated that this study will be of interest outside of 
California, the range of avoided cost values was expanded up to this very high range.  The 
discount rate for present worth analysis was assumed to be 3% in all cases.  The expected useful 
life of a smart controller is estimated at 10 years, so that was the length of time used for the cost-
effectiveness calculations. 

 
Table 62: Analysis parameters for utility perspective cost-effectiveness calculations 

Landscape Area  
(sq ft) 

Annual Water 
Savings Per Site 

(AF)1 

Avoided Cost 
Range 

Considered 
($/AF/Yr) 

Discount Rate 

Duration of 
Water Savings 

(years) 

4,000 -0.020 $100 - $5,000 3% 10 
12,000 -0.060 $100 - $5,000 3% 10 
25,000 -0.127 $100 - $5,000 3% 10 

150,000 -0.763 $100 - $5,000 3% 10 
Note 1 These are water savings for the general population of the study.  Water savings for the over-irrigators are 
twice the amounts shown in the table. 
 
 Results for the utility perspective cost-effectiveness analysis are presented in Table 63.  
Four different per site water saving values were considered against a broad range of utility 
avoided annual cost values.  To determine the estimated amount of cost-effective investment per 
site a utility should make in a smart controller program, select the appropriate avoided annual 
cost of water in Table 63.  Next select the average landscape size to be targeted.  Table 63 
provides the net present value of the anticipated water savings over the 10-year useful life of the 
smart controller product, which is the amount of money it would be cost effective for the utility 
to offer as an incentive to achieve that level of water savings. If the utility is able to screen for 
just customers that are over-irrigating then the net savings in the table should be doubled. 
 

For example, a water utility with an avoided annual cost for water of $150/acre-foot that 
implements a smart controller program aimed at the residential sector and small landscapes 
(~4,000 sf) would likely achieve cost-effective water savings for a per-site incentive of up to 
$26.  If the same agency implemented a program aimed at large landscapes (~25,000 sf), a $164 
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incentive would likely result in cost-effective water savings.  If the same program were run for 
over-irrigators the savings for the 4000 sf site would be $52 and for the 25,000 sf site they would 
be $328. 

 
Utilities with higher avoided marginal costs for water will find smart irrigation control 

technology to be a cost effective method of reducing demand in new and existing customers.  At 
an avoided annual marginal cost of $1,000 per acre-foot a utility could provide nearly a $500 per 
site incentive for sites averaging 12,000 sf in size, or $1000 per site for customers drawn from  
over-irrigators.  The economics of smart controller incentives will differ between water agencies.  
But if average water savings as found in this study are achieved, then many utility programs that 
encourage smart control technology will be cost effective, especially if they are targeted to over-
irrigators. 

 
Table 63:  Results for utility perspective cost-effectiveness analysis 

Net Present Value of Water Savings Per Site 
(general population) 

 
Utility Avoided 
Cost for Water 

($/AF/Yr) Area = 4,000 sf Area = 12,000 sf Area = 25,000 sf Area = 150,000 sf
$100 $18  $53  $109  $656  
$150 $26  $79  $164  $985  
$200 $35  $105  $219  $1,313  
$250 $44  $131  $274  $1,641  
$300 $53  $158  $328  $1,969  
$350 $61  $184  $383  $2,298  
$400 $70  $210  $438  $2,626  
$450 $79  $236  $492  $2,954  
$500 $88  $263  $547  $3,282  
$550 $96  $289  $602  $3,611  
$600 $105  $315  $656  $3,939  
$650 $114  $341  $711  $4,267  
$700 $123  $368  $766  $4,595  
$750 $131  $394  $821  $4,924  
$800 $140  $420  $875  $5,252  
$850 $149  $446  $930  $5,580  
$900 $158  $473  $985  $5,908  
$950 $166  $499  $1,039  $6,237  

$1,000 $175  $525  $1,094  $6,565  
$1,250 $219  $656  $1,368  $8,206  
$1,500 $263  $788  $1,641  $9,847  
$5,000 $875  $2,626  $5,471  $32,825  
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Cost-Effectiveness: Customer Perspective 
 For the customer perspective, cost-effectiveness analysis was used to determine the level 
of investment it would be reasonable for a customer to make in a smart controller given the 
anticipated water and cost savings achievable through installation of the device.  In other words, 
the cost-effectiveness analysis offers an estimate of the amount of money a customer might 
consider spending to purchase and install a smart controller given the top rate they pay for water 
on their utility bill and their potential water savings. 
 

The cost-effectiveness analysis was constructed using the average per customer water 
savings estimated for sites with four different landscape areas (4,000 sf, 12,000, 25,000, sf, and 
150,000 sf).  These areas encompass the range of residential and non-residential landscapes 
found in northern and southern California and elsewhere.  While not specifically designated as 
residential and non-residential analysis, the smaller landscape sizes are more typical of 
residential properties and the larger landscape sizes are more typical of commercial and 
dedicated irrigation properties. 
 
 Fundamental assumptions for the cost-effectiveness analysis are presented in Table 64.  
Since many different utility agencies participated in this study and because each agency has their 
own water rate structure and schedule of charges, the cost-effectiveness analysis considered a 
broad range of values.  The cost per hcf of water ranged from $0.50/hcf up to $12/hcf in an effort 
to provide useful information for a broad range of customers and utility agencies in California 
and beyond.  
 
Table 64: Analysis parameters for customer perspective cost-effectiveness analysis 

Landscape Area  
(sq ft) 

Water Savings 
Per Site  

(hcf) 

Range of Retail 
Water Costs 
Considered 

($/hcf) 

Discount Rate 

Duration of 
Water Savings 

(years) 

4,000 -8.9 $0.50 - $12.00 3% 10 
12,000 -26.8 $0.50 - $12.00 3% 10 
25,000 -55.9 $0.50 - $12.00 3% 10 

150,000 -335.4 $0.50 - $12.00 3% 10 
 

The basic assumptions and parameters for the cost-effectiveness analysis are presented in 
Table 64.  The mean water savings from the study applied across a variety of landscape sizes.  A 
range of values for the retail cost of water was considered.  Many different utility agencies 
participated in this study and since each agency has their own unique water rates and rate 
structure, the cost-effectiveness analysis considered a broad range of values.  The retail cost of 
water for outdoor use (typically block 2 and higher in an increasing block rate structure) at the 
California agencies in this study ranges from approximately $1.50/hcf up to $9/hcf.  For agencies 
in other parts of the country the retail cost of irrigation water may be lower or higher.  Since it is 
anticipated that this study will be of interest outside of California, a wide range of retail 
irrigation water costs were considered from $0.50/hcd up to $12.00/hcf.  The discount rate for 
present worth analysis was assumed to be 3% in all cases.  The expected useful life of a smart 
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controller is estimated at 10 years, so that was the length of time used for the cost-effectiveness 
calculations. 

 
Results for the customer perspective cost-effectiveness analysis are presented in Table 

65.  Four different per site water saving values were considered against a broad range of retail 
water cost values.  To determine the estimated amount of cost-effective investment a customer 
should make to purchase a smart controller, select the appropriate retail cost for water in column 
A in Table 65.  Next select the approximate landscape size of the site.  Table 65 provides the net 
present value of the anticipated water savings over the 10-year useful life of the smart controller 
product, which is the amount of money it would be cost effective for the customer to spend to 
purchase, install, and maintain the smart controller to achieve that level of water savings.27 
 
Table 65: Results for customer perspective cost-effectiveness analysis 

Net Present Value of Water Savings Per Site 
(general population) 

 

Retail/Customer 
Marginal Cost 

for Water 
($/hcf) Area = 4,000 sf Area = 12,000 sf Area = 25,000 sf Area = 150,000 sf

 $0.50  $38  $114  $238  $1,431  
 $1.00  $76  $229  $477  $2,861  
 $1.50  $114  $343  $715  $4,292  
 $2.00  $153  $458  $954  $5,722  
 $2.50  $191  $572  $1,192  $7,153  
 $3.00  $229  $687  $1,431  $8,584  
 $3.50  $267  $801  $1,669  $10,014  
 $4.00  $305  $916  $1,907  $11,445  
 $4.50  $343  $1,030  $2,146  $12,875  
 $5.00  $381  $1,144  $2,384  $14,306  
 $5.50  $420  $1,259  $2,623  $15,737  
 $6.00  $458  $1,373  $2,861  $17,167  
 $6.50  $496  $1,488  $3,100  $18,598  
 $7.00  $534  $1,602  $3,338  $20,028  
 $7.50  $572  $1,717  $3,576  $21,459  
 $8.00  $610  $1,831  $3,815  $22,890  
 $8.50  $649  $1,946  $4,053  $24,320  
 $9.00  $687  $2,060  $4,292  $25,751  
 $9.50  $725  $2,175  $4,530  $27,181  

 $10.00  $763  $2,289  $4,769  $28,612  
 $10.50  $801  $2,403  $5,007  $30,043  
 $11.00  $839  $2,518  $5,246  $31,473  
 $11.50  $877  $2,632  $5,484  $32,904  
 $12.00  $916  $2,747  $5,722  $34,334  

                                                 
27 This analysis does not consider convenience or improved landscape health or any other non-monetary benefit that 
a customer might reasonably experience as a result of installing a smart controller. 
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For example, a residential customer with a 4,000 square foot landscape who pays $3/hcf 

for irrigation water who achieves average water savings with a smart controller would be 
justified in spending up to $229 to purchase, install, and maintain a smart controller over the 10-
year expected life of the product.  A customer with a 12,000 square foot landscape who pays 
$2/hcf for irrigation water would be justified in spending $458 on a smart controller.  These 
results indicated that customers who achieve average water reductions can realize cost-effective 
savings from installing a smart controller if the retail cost for water is high enough.  
 

Uncertainty and Cost-Effectiveness Analysis 
 Each water utility is unique.  Each utility normally has its own distinct avoided cost for 
water and system of water rates and charges, developed over many years through complex 
processes.  In water conservation planning, each utility may place a different value on conserved 
water.  This poses challenges for developing cost-effectiveness analysis for smart controllers that 
will be broadly applicable across the diverse range of utility agencies that participated in this 
study and the even large group that may utilize the results.  It is most likely that utilities will use 
the water savings and percentage decrease estimates from this study and apply them to their own 
cost-effectiveness models.  However, the research team was able to develop an approach to cost-
effectiveness analysis that provides information for a broad range of agencies and systems of 
rates and charges.   
 

The cost-effectiveness calculations in this study have been simplified so that they can be 
utilized by as many water agencies as possible.  This analysis should be viewed as providing 
solid range to the level of investment a utility or customer could place in a smart controller 
technology that can be economically justified given the stated assumptions of a 3% discount rate 
and a 10-year useful life of the product. 
 

The water savings measurements obtained in this study can be easily adapted into local 
cost-effectiveness models to determine what level of program investment might be justified.  For 
most agencies this will be a preferred approach and nothing but a specifically utility-tailored 
cost-effectiveness analysis would suffice.  The California Urban Water Conservation Council has 
developed tools to assist water utilities in conducting cost-effectiveness analysis for conservation 
programs and measures.  The results from this study should provide useful input for those tools 
that can be used to tailor cost-effectiveness calculations to meet specific water agency situations. 
 
Additional Benefits Not Considered 
 Water utilities may wish to promote and install smart irrigation control technology for 
other reasons besides potential water and cost savings.  For water utilities, smart irrigation 
control offers a number of potential additional benefits including: 
 

• Reduced runoff from urban landscape 
• Adaptation of customer demands to calculated water budget allotments 
• Potential for peak demand reduction (through coordinated irrigation “brown outs” similar 

to energy utility peak shaving) 
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• Improved health and condition of urban landscapes through more proper irrigation 
applications 

  
For customers and end users, smart controllers offer some of the same potential benefits, but 

also a few others. 
 

• Convenience – many participants in this study reported enjoying the convenience 
associated with smart control technology. 

• Improved landscape appearance and health.  Applying the proper amount of water 
usually improves landscape quality. 

• Better feedback about other problems with the irrigation system.  Many smart controllers 
offer diagnostic tools not available on traditional controllers.  Applying the proper 
amount of water to a zone often reveals distribution uniformity problems that may have 
been masked by excess application in the past. 

 
This study has shown that smart controllers are cost-effective from both the utility and 

customer perspective under many (but not all) conditions.  The potential benefits listed above 
suggest that there are additional reasons why this technology may be adopted by both water 
utilities and customers alike.  It is also clear that targeting smart controllers at large sites that 
have traditionally applied an excess of irrigation water maximizes the benefits of smart control 
technology for both utilities and customers.  The “biggest bang for the buck” lies in identifying 
excess irrigators and convincing them to adopt smart control technology.  Other approaches may 
save water, but are likely to be significantly less cost-effective. 
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CONCLUSIONS AND RECOMMENDATIONS 
 
 The California Prop. 13 Smart Controller programs are the largest scale efforts to date to 
distribute and evaluate the impacts of weather-based irrigation control technology, commonly 
known smart controllers.  The evaluation research described in this report provides strong 
evidence for the following conclusions: 
 

• Weather-based “smart” irrigation controllers, while a valuable tool, are not a “magic 
bullet” for achieving perfect irrigation control and water savings. 

• On average smart controllers are a moderately effective measure for reducing the amount 
of water applied by automatic irrigation systems, while maintaining the health, and 
appearance of landscapes.   

• When seeking irrigation water savings, the pre-existing level of excess irrigation at the 
site is the most important factor to consider.   

• The water savings achieved through installation of smart controllers can be maximized by 
targeting the technology to irrigators with historically high irrigation application rates, 
not simply customers with high irrigation use.   

• The many irrigators who historically apply less than the theoretical irrigation requirement 
for their landscape are likely to increase their irrigation application rate after installing a 
smart controller.  

• Survey results indicate that smart controllers are likely to achieve a high degree of 
customer acceptance once they more broadly penetrate the consciousness of irrigation 
contractors and the general public.   

• The utility programs implemented through the DWR grant have succeed in raising public 
awareness of this technology, but  survey results suggest most consumers have no 
knowledge of smart irrigation control. 

• Smart controllers can achieve cost effective water savings for utilities and irrigators under 
some cost and pricing scenarios, however this technology will not be cost effective for all 
utilities and customers.   

• Most of the smart control brands and technologies evaluated in this study reduced 
irrigation demands on average, but not all of these reductions were statistically 
significant.  

 
These essential findings from this study are discussed in detail in the sections below 

along with other conclusions drawn from the data analysis.  Conclusions and recommendations 
from the process evaluation and the impact evaluation are presented in separate sections 
followed by a brief summary. 

Conclusions and Recommendations - Process Evaluation 

The process evaluation was conducted to measure customer satisfaction with smart 
controller products and smart controller distribution programs and to examine participating 
agency program implementation methods, results, successes and lessons learned. 
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Southern California Smart Controller Programs 

The Southern California Smart Controller Programs were made up of a large number of 
distribution programs developed and implemented by the more than 20 water agencies.   To date, 
4,629 controllers have been installed through the southern California Smart Controller Programs 
portion of the DWR grant.  This represents 83.9% of the original installation projection. 
 

MWD’s member agencies invested significant time and resources to implement and 
market their programs and tried various approaches and made mid-stream adjustments because 
of lack of participation.  It was originally thought that agencies would develop their own smart 
controller distribution programs, but MWD quickly recognized that some of the agencies in 
MWD’s service area did not have the resources to develop a program.  Ultimately three 
fundamental smart controller distribution program methodologies were implemented in southern 
California: (1) rebate and voucher programs, (2) exchange programs, and (3) direct installation.  

 
Rebate and Voucher Programs – Utilities offered a financial incentive ranging from 

$50 to the full cost of a smart controller to encourage installation of smart controller technology. 
Installation was typically not included as part of a rebate program, but a number of agencies 
offered training programs to assist customers with proper installation.  In addition, lists of trained 
and knowledgeable installers were provided. Rebate and exchange programs are generally the 
least expensive to implement for a water agency, but are not necessarily the least labor intensive.  
Rebate programs are typically open to any customer with an automatic sprinkler system, 
although some targeting to higher use customers is possible. 

 
There are some basic challenges associated with smart controller rebate programs: 1) 

Attracting participants; 2) Product is often not available in retail outlets; and 3) Free-riders.  A 
number of southern California agencies that implemented a rebate program had difficulty 
publicizing the program and attracting participants.  Smart controllers are a new technology and 
most customers are simply not aware of what they are and what they can do.  It is often difficult 
for an agency to effectively market a rebate program in this situation.  Once this technology 
gains in popularity and reaches deeper into the consciousness of irrigation contractors and the 
general public, then it should be much easier for an agency to attract participants to a rebate 
program.  Free-riders can be a problem with any rebate program.  When promoting a new and 
largely unknown technology such as smart controllers the problem of free-riders is likely to be 
much smaller than with a toilet or clothes washer rebate program. 

 
Exchange Programs.  Exchange programs offered a free (or substantially subsidized) 

smart irrigation controller to customers who brought in their old conventional controller.  Some 
exchange events were offered in conjunction with a training class where participants were taken 
through exercises with the new controller to help familiarize them with the technology and to 
demonstrate the differences from the old controller.  In some cases the exchange was integrated 
into the Protector Del Agua (PDA) landscape classes offered in southern California. In other 
cases, separate controller exchange events were organized. 

 
One of the chief benefits of the exchange event concept over a rebate or give-away 

program is that it increases the likelihood that the new smart controller will be installed quickly 
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because irrigation systems cannot function without a controller. The exchange programs proved 
to be public relations successes for the agencies as customers received free equipment directly 
from agency staff.  Controller exchanges were also popular events with the public. 

 
Exchange programs were successful at achieving water savings – even though the 

controllers were typically installed by a customer who had only limited training and experience.    
These programs provided training in installation and programming to customers and were 
comparatively inexpensive to implement (on a per controller basis).  A hybrid exchange program 
that targets high demand customers and then distributes controllers with the low cost and ease of 
implementation of an exchange event could be an option to explore. 

 
Direct Installation Programs.  Direct installation programs identify a set of customers 

to solicit to participate and then the agency either hires a contractor to perform the installations 
(and other services) or does the installation work with its own staff.  Typically the controller and 
installation is offered for free in this program model.  These programs are expensive, as the 
utility must bear the cost of the hardware and the labor, but high water use customers can be 
readily targeted and water savings maximized.  Direct installation programs can be cost effective 
under the right set off circumstances, but utilities with limited program budget availability should 
consider a different approach. 

 
  In the southern California smart controller programs, 57.6% of the controllers were 
residential self-installations from a rebate or exchange event program.  19.7% of the controllers 
were residential direct-installations, 14.1% were commercial direct-installations, and 8.6% were 
commercial self-installations. Among the non-residential participants, approximately 60% 
received their controller through a direct installation program and 40% through a rebate or 
voucher.  Among the residential participants, 70% received their controller through a free 
distribution program, 25% through direct installation, and only 5% through rebate or voucher.  
This points out the clear success of the free distribution programs at distributing the smart 
controller technology to a large number of customers in a relatively short time.  The more 
expensive direct install programs were also successful, but require a substantial commitment of 
resources.  Rebates and vouchers worked well for commercial customers in southern California, 
but did not prove to be particularly successful at attracting residential participants. 
 
 Public Awareness Increase.  MWD measured customer awareness of weather-based 
irrigation control technology in 2005 when the program began and again in 2007 as the 
distribution and education effort matured.  In 2005, only 15% of respondents indicated that there 
were aware of the existence of weather-based control technology.  In 2007, 38% of respondents 
were familiar with the technology.  This substantial improvement was largely due to the MWD 
and member agency program efforts and bodes well for the future of this technology in the 
region. 

Northern California Smart Controller Programs 
The northern California Smart Controller programs were made up of distribution 

programs at five participating agencies under the leadership of the East Bay Municipal Utility 
District.  Much of the early effort by the agencies was focused on conducting a market research 
study to develop a strategy and plan, designing smart controller distribution programs, and 
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creating a web-enabled database tool for collecting and centralizing data from the distribution 
programs.  Northern California agencies began their distribution programs in 2005 and 2006. 
Distribution methods focused on targeted rebates and vouchers.  Both professional and self-
installation options were available.  To date a total of 1,713 smart controllers have been installed 
as part of the northern California program effort.  This represents 65.8% of the original estimated 
total. 

 
Many of the incentive programs implemented northern California were intended to 

“transform” consumer behavior by encouraging the adoption of new technologies.  The effort at 
market transformation was a distinct yet complimentary approach to traditional demand 
management efforts.   

 
To maximize potential water savings, agencies in northern California targeted customers 

with historically high outdoor water use demands through an analysis of historic billing data.  
EBMUD identified a target audience of residential and non-residential customers using an 
average of 750 gallons per day outdoors during the irrigation season.  However, landscape area 
was not included as a targeting factor so the amount of excess irrigation could not be determined 
and used as a targeting tool.  On average the EBMUD participants applied only 93.8% of the 
theoretical irrigation requirement prior to installation of the smart controllers.  This suggests that 
the targeting effort was not particularly successful at identifying customers who habitually over-
irrigate.  The EBMUD program saved water overall, but the results could have been even better 
with an improved targeting effort that included a calculation of the application rate rather than 
only using volumetric targeting criteria.  Other agencies utilized targeting efforts as well.   

 
Some northern California agencies such as the Santa Clara Valley and the Sonoma 

County provided pre-installation landscape surveys or audits for each participant. Most of the 
northern California agencies including EBMUD also conducted post-installation inspections of 
nearly all smart controller sites and adjustments to irrigation schedules and programs were 
frequently made during those inspections. 

Process Evaluation Recommendations 

The following are recommendations for utility agency smart controller program 
implementation.   

 
• Program Design and Efficiency.   The California Prop. 13 Smart Controller Programs 

set out to test a variety of distribution methods and technologies to determine which 
approach makes the most sense moving forward.  In both northern and southern 
California a regional approach was attempted, but in many cases each agency chose to 
follow its own chosen course while cooperating as much as possible with neighboring 
agencies.  These programs benefited from the more efficient unified regional approach 
adopted for this study and this effort should be expanded.  Leveraging common program 
elements such as design, marketing, and evaluation, stretched program implementation 
and evaluation funds and increased regional recognition and public awareness.  

• Marketing. Smart controller programs must be marketed if they are to attract interest. 
 Smart controllers are a brand new technology and very few people know what they are 
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and what they do.  Customers and landscape professionals alike need to be educated 
about these products and why they are desirable. Marketing materials should explain how 
the technology works and what benefits it offers.  EBMUD found the readily available 
SWAT marketing materials to effective at explaining the technology and generating 
interest.  Once educated, the public appears quite interested in smart control technology 
and is willing to give it a try.  Customers may need help choosing the smart controller 
product that best suits their needs.  The differences between a signal-based, sensor-based, 
and historic ET controller are not obvious to the typical customer. Targeted marketing 
approaches that identify customers with high irrigation demands and focus distribution 
efforts may be an effective method of placing smart controllers at sites that offer the 
greatest potential for water savings.  

• Getting Smart Controllers Into the Field.  Public information is critical to success of 
any utility sponsored smart controller program.  Information provided should be clear and 
concise.  A complicated message spanning multiple pages will not be successful.  
Information provided at the point of sale (e.g. the irrigation supply outlet or retail home 
and garden center) can be beneficial.  Availability of product is essential.  It cannot be 
assumed that smart controllers are easily available.  Partnerships with the landscape 
industry are an excellent way to promote smart controller technology and can be 
beneficial to customers and landscape professionals alike.  Smart controller programs 
should include a strong education element that focus on proper installation and most 
importantly programming.  Manufacturers and distributors can help educate irrigation 
contractors and provide incentives for installation of smart controllers.  Manufacturers 
and distributors can also increase marketing efforts in areas where water agencies are 
offering financial incentives programs that encourage installation of smart controllers.  
Follow-up inspections can be helpful for assuring maximum benefit, but also increase 
utility program costs. 

• Market Transformation – The overall smart controller distribution program design and 
marketing materials and distribution methodologies developed have the potential to 
achieve longer lasting impacts on the market.  In both southern and northern California, 
the marketing efforts succeeded in raising public awareness about the technology, 
although much work remains to be done on this front.  Efforts that educate irrigation and 
landscape contractors can result in increased adoption of the technology, even after the 
program has ended.   

• Costs.  The type of distribution program a utility chooses to implement impacts program 
costs tremendously.  Direct installation programs are expensive.  Exchange programs are 
typically less expensive, but rely more heavily on customer expertise for installation and 
programming.  The cost of rebate programs varies depending upon the design.  Rebates 
can be set to match expected utility cost savings/avoided costs.  Follow-up visits and 
inspections can be beneficial, but also add to the overall cost of a program.  Agencies 
with prior experience implementing rebate programs for toilets, clothes washers, and 
other efficiency measures may have an easier time getting a smart controller rebate 
program underway.  If water savings are the desired outcome, targeting program efforts 
at customers that historically irrigate in excess of the theoretical irrigation requirement is 
an essential key to success.  
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• Irrigation Systems.  The controller is just one piece of a much larger irrigation system. 
Performance of the controller is limited by the capabilities of the irrigation system.  The 
most water efficient smart controller cannot operate optimally on an irrigation system 
with poor head spacing and inadequate distribution uniformity.  A systems approach is 
required in to achieve maximum water savings.  Some agencies incorporated system 
repair and upgrades into their smart controller program out of recognition that maximal 
water savings may not be achieved from poorly designed, maintained or improperly 
programmed systems.  

• Residential and Commercial Differences.  When implementing a smart controller 
program it is important to recognize the distinct differences between irrigation sites and 
to plan accordingly.  Small sites such as residential and small commercial properties are 
distinct from large commercial and institutional sites. At a small site, the financial 
decision maker and the person in charge of operating and maintaining the landscape and 
irrigation system are often one and the same.  At a large site they are almost always 
different people who seldom communicate with each other.  The smart controller 
technologies for small and large sites are also different as are the irrigation systems and 
management arrangements.  Smart controller programs targeted at commercial and 
institutional customers will typically require distinct marketing materials, resources, 
training, and other program elements.  Cost differences and varying potential water 
savings must be accounted for as well.  

• Program Evaluation.  Effective evaluation of a smart controller program requires 
fundamental data including: make and model of controller, date of installation, 
 installation method, sufficient water use data (pre- and post-installation), a measurement 
(or estimate) of the irrigated area, climate data corresponding to the same period as the 
water billing data, and other data as well.  Good program design includes a method for 
collecting these and other data as part of the distribution and installation effort. 

• Signaling Fees.  Some controller technologies require the customer to pay an annual fee 
to receive a signal that adapts irrigation applications to prevailing local conditions. 
Nearly 48% of the mail survey respondents indicated that they would not continue to pay 
the signaling fee for their smart controller after the conclusion of the utility program.  The 
failure to pay the signaling fee would transform a signal-based smart controller into a 
conventional controller.  Although this result is only based on a total of 46 survey 
respondents, the high percentage of customers indicating they will not continue to pay the 
signaling fee after the program ends is of concern and this should be the subject of 
follow-up research during the on-going program monitoring effort. 

Conclusions and Recommendations - Impact Evaluation 

The impact evaluation was conducted to answer important questions about installation 
and performance of smart controllers.  Key questions to be answered through the impact 
evaluation included:  
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• What water savings resulted from the installation of the smart control technology?  
What factors influenced water use?  How did different smart controller technologies 
perform in the field? 

• Given the water savings achieved, what is the cost effectiveness of smart controller 
technology?  What amount of water utility rebate is justified to encourage adoption of 
this technology?  What level of customer investment in smart controller technology is 
reasonable given the measured water savings? 

Water Savings 
 The weather-normalized change in outdoor water use was the fundamental change in use 
measurement used to establish weather-normalized water savings in this research study.  
Weather-normalized outdoor use was reduced by an average of 47.3 kgal per site, a reduction of 
6.1% over pre-smart controller outdoor water use.  This average reduction was found to be 
statistically significant at the 95% confidence level. At smart controller sites in northern 
California the average reduction in outdoor water use was 122.2 kgal per site (-6.8%), however 
because of high variability these changes were not statistically significant at the 95% confidence 
level.  At smart controller sites in southern California the average reduction in outdoor water use 
was 30.9 kgal per site (-5.6%).  The average changes for southern California were statistically 
significant at the 95% confidence level.   
 

Changes in outdoor water use measured at eight agencies were found to be statistically 
significant at the 95% confidence level, while changes at nine agencies were not statistically 
significant.    

 
While the overall impact of smart controllers is to reduce irrigation demands, irrigators 

who historically apply less than the theoretical irrigation requirement for their landscape, can 
expect their water use to increase use after installing a smart controller.  On the individual site 
level, a total 56.7% of the 2,294 study sites had a statistically significant reduction in weather-
normalized application ratio.  While 41.8% of sites had a statistically significant increase in 
application ratio.  For 1.5% of sites, there was not a statistically significant change in application 
ratio.   

Factors that Influenced Water Savings 

Multiple regression analysis was used to determine the factors that did and did not 
influence changes in application ratio.  This analysis methodology allowed the researchers to 
examine the relationship between key site characteristics (such as controller technology) and 
changes in application ratio after adjusting for factors known to influence savings such as the 
application rate prior to installation of the smart controller.   

 
The following factors were examined and determined to have a statistically significant 

impact on the change in application ratio: 
 
• Pre-smart controller Application Ratio – the application rate relative to the calculated 

theoretical irrigation requirement 
• Installation method (self vs. professional) 
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• Participating agency (sometimes) 

Factors that Did Not Influence Water Savings 
The following factors were examined and determined not to have a statistically 

significant impact on the change in application ratio: 
 

• Site classification (residential vs. non-residential) 
• Region (northern vs. southern California) 
• Climate zone (coastal, intermediate, inland) 
• Smart irrigation control methodology (historical ET, on-site readings, remote 

readings, soil moisture sensor) 
• Landscape area 

Water Savings by Smart Controller Brand 
The data assembled in this project allowed for a comparison of the field performance 

achieved by each brand of controller installed at the study sites. Controller brands installed at 
fewer than 15 sites were not included in this analysis (the total number of sites in this category = 
7).  Controller brand names were made anonymous during the analysis process and were only 
exposed at the conclusion.  This analysis did not attempt to adjust for factors shown to influence 
water savings such as differences in installation method.  

 
Seven of eight controller brands included in the analysis saved water on average, 

however the overall variability of the data resulted in broad 95% confidence bounds.  When the 
95% confidence boundary spans zero (i.e. the upper bound is greater than zero), the water 
savings associated with brand is not statistically significant.  Of the eight manufacturers 
evaluated here, only two achieved statistically significant water reductions – Accurate 
WeatherSet and ET Water.  Accurate WeatherSet achieved an average weather-normalized per 
site savings of 50.5 kgal which represented a 33.2% reduction.  ET Water achieved an average 
weather-normalized per site savings of 185.4 kgal which represented a 6.2% reduction. 

 
For five of eight manufacturers, statistically significant reductions in weather-normalized 

water use were not found. This result means that the water savings measured for these three 
brands was not statistically different from zero (the confidence boundary crossed zero).  
Consequently, no statistically “reliable” finding of water savings can be made for these three 
brands (Hunter, Weathermatic, Calsense, Rain Master, and Aqua Conserve).  As additional years 
of post-installation data become available and/or with an increased sample size it is possible that 
these technologies could achieve statistically significant water use reductions.  

 
The HydroPoint/Toro/Irritrol controller was the only technology that did not achieve 

water savings in this analysis, but this technology performed better over time as discussed in the 
multi-year analysis. 

 
Water savings is only one evaluation measure.  An important evaluation parameter to 

consider for smart controllers is the post-application ratio (post-AR).  A primary goal of smart 
irrigation technology is to reliably match the actual irrigation applications to the theoretical 
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irrigation requirement, (to achieve a post-application ratio of 1.0).  Controllers that match actual 
applications to the theoretical requirement can be considered successful even if they do not 
reduce (or even increase) water use, because they are performing as designed. 

Persistence of Savings – Multi-Year Analysis 
 The primary results for smart controller sites presented in this study compare a single 
year of pre-installation data against a single year of post-installation data.  While these results are 
encouraging and show that smart controllers can reduce weather-normalized outdoor use on 
average, the longer-term performance of smart controllers in the field is of critical importance.  
Do water savings persist over time after the installation of a smart controller?  Do the water 
savings decay?  In the three years of post-installation data examined in this study for 384 study 
sites, water savings were not found in the first year, but savings were found in year 2 and year 3 
and actually increased over time.  More than 90% of the controllers in this analysis were 
HydroPoint/Irritrol/Toro so this analysis largely reflects the performance of this technology over 
time. 
 

After reviewing the available water use and climate data it was determined that a 
reasonable sample size for this analysis could only be obtained if three years of post-installation 
data were used.  Three years of post-installation data were available for more than 384 smart 
controller sites.  The controllers included in this group were installed from 2002 – 2005, so data 
from years 2005 and 2006 represent year 1 and 2 for some controllers and year 2 and 3 for other 
controllers. 

 
The results show that the controllers in this sample did better over time and in particular 

in the third year following installation.  During post-installation year 1, weather-corrected 
percent change in water use increased by 6%.  In year 2, the weather-corrected percent change 
water use showed a decrease 7.8% vs. the pre-install year.  In year 3 the weather-corrected 
percent change in water use showed a decrease of 16.4% vs. the pre-install year. 
 

Cost Effectiveness Analysis 
Installing smart controllers may or may not be cost-effective for a utility or their 

customers.  The determination of cost-effectiveness depends upon the water savings, the avoided 
cost for water, local retail water rates, the discount rate factor used, and the expected useful life 
of the product. 

 
The cost-effectiveness analysis was conducted from two perspectives: (1) the water 

utility; and (2) the end user or customer.  For the water utility perspective, cost-effectiveness 
analysis was used to determine the incentive levels that could be reasonably justified for a water 
utility based on the water savings measured in the study.  For the customer perspective, cost-
effectiveness analysis was used to determine the level of investment that would be reasonable for 
a customer to make in a smart controller given the anticipated water and cost savings achievable 
through installation of the device. 

 
For the water utility perspective, cost-effectiveness analysis was used to determine the 

incentive levels that could be reasonably justified for a water utility based on the water savings 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management                  140  

measured in the study.  The cost-effectiveness analysis was constructed using the average and 
median per customer water savings estimated for sites with four different landscape areas (4,000 
sf, 12,000, 25,000, sf, and 150,000 sf).  These areas encompass the range of residential and non-
residential landscapes found in northern and southern California and elsewhere.  While not 
specifically designated as residential and non-residential analysis, the smaller landscape sizes are 
more typical of residential properties and the larger landscape sizes are more typical of 
commercial and dedicated irrigation properties.   

 
A water utility with an annual avoided cost for water of $150/acre-foot that implements a 

smart controller program aimed at the residential sector and small landscapes (~4,000 sf) would 
likely achieve cost-effective water savings for a per-site incentive of up to $26.  If the same 
agency implemented a program aimed at large landscapes (~25,000 sf), a $164 incentive would 
likely result in cost-effective water savings. 

 
Utilities with higher annual avoided costs for water may find smart irrigation control 

technology to be a cost effective method of reducing demand in new and existing customers.  At 
an annual avoided cost of $1000 per acre-foot a utility could provide nearly a $500 per site 
incentive for sites averaging 12,000 sf in size.  The economics of smart controller incentives will 
differ between water agencies.  But if average water savings as found in this study are achieved, 
then some utility programs that incent smart control technology will be cost effective. 

 
For a residential customer with a 4,000 square foot landscape who pays $3/hcf for 

irrigation water who achieves average water savings with a smart controller would be justified in 
spending up to $229 to purchase, install, and maintain a smart controller over the 10-year 
expected life of the product.  A customer with a 12,000 square foot landscape who pays $2/hcf 
for irrigation water would be justified in spending $458 on a smart controller.  These results 
indicated that customers who achieve average water reductions can realize cost-effective savings 
from installing a smart controller. 
 

Each water utility is unique.  Each utility normally has its own distinct avoided cost for 
water and system of water rates and charges, developed over many years through complex 
processes.  In water conservation planning, each utility may place a different value on conserved 
water.  This poses challenges for developing cost-effectiveness analysis for smart controllers that 
will be broadly applicable across the diverse range of utility agencies that participated in this 
study and the even large group that may utilize the results.  It is most likely that utilities will use 
the water savings and percentage decrease estimates from this study and apply them to their own 
cost-effectiveness models.  However, the research team was able to develop an approach to cost-
effectiveness analysis that provides information for a broad range of agencies and systems of 
rates and charges.   

 
Water utilities and customers may wish to promote and install smart irrigation control 

technology for other reasons besides potential water and cost savings.  For water utilities, smart 
irrigation control offers a number of potential additional benefits including: 
 

• Reduced runoff from urban landscape 
• Adaptation of customer demands to calculated water budget allotments 
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• Potential for peak demand reduction (through coordinated irrigation “brown outs” similar 
to energy utility peak shaving) 

• Improved health and condition of urban landscapes through more proper irrigation 
applications 

  
For customers and end users, smart controllers offer some of the same potential benefits, 

but also a few others. 
 

• Convenience – many participants in this study reported enjoying the convenience 
associated with smart control technology. 

• Improved landscape appearance and health.  Applying the proper amount of water 
usually improves landscape quality. 

• Better feedback about other problems with the irrigation system.  Many smart controllers 
offer diagnostic tools not available on traditional controllers.  Applying the proper 
amount of water to a zone often reveals distribution uniformity problems that may have 
been masked by excess application in the past. 

Impact Evaluation Recommendations 
The following are recommendations based on the findings from the impact evaluation. 
 
Maximize Water Savings.  Smart controllers can save water.  Smart controllers are far 

more likely to effect savings when they are installed at sites that have historically applied excess 
irrigation applications.  Water providers seeking significant volumetric savings should target 
smart controllers at these customers in particular.  To do this a utility must have three critical 
pieces of data:  (1) Estimated outdoor water use at the site; (2) A measurement (or estimate) of 
the irrigated landscape area at the site; and (3) The specific (or average) evapotranspiration rate 
for the locale. 

 
In this study, 41.8% of the study sites increased their weather-normalized irrigation water 

use in the first year after installation of the smart controller. Irrigators who historically apply less 
than the theoretical irrigation requirement for their landscapes are poor candidates for smart 
controllers and should be pre-screened from utility distribution programs.  Most water utilities 
have the electronic tools required to calculate which customers are good candidates for smart 
controllers and which are not.  A geographical information systems (GIS) linked to historic water 
billing data are the perfect system for calculating historic application rates.  Not all agencies have 
such tools readily available.   

 
To maximize water savings, the installation and programming of the smart controller is of 

critical importance. Landscapes are unique. Experience has shown that the initial or default 
settings used to program a smart controller will likely need to be fine tuned over the first few 
weeks or even months of operation to ensure optimal performance.  This is not a technology that 
can simply be installed and forgotten, adjustments are often required during the initial set up to 
calibrate the controller default settings to the specific conditions of the site.  Once the controller 
is properly adjusted for the site few if any adjustments should be needed.  Manufacturers, 
irrigation contractors, water agencies, and consumers must be made aware of this need for fine 
tuning. Training and tools should be developed to improve the installation and adjustment 
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process to help ensure that the smart controller performs optimally and does not end up 
unnecessarily increasing water use.   

 
 
Factors that Influence Water Savings.  This study has identified only a few factors that 

have a statistically significant influence on water savings.  Specifically, the pre-Application 
Ratio at the site, the installation method (self vs. professional), and the participating agency 
(sometimes a significant factor).  Aside from the importance of targeting based on historic 
application rate (not just volume), these findings offer limited guidance for utility smart 
controller programs. 

 
Installation and Programming.  Remarkably, self-installed smart controllers performed 

better than professionally installed controllers in this study.  It is unclear exactly why this is the 
case, but a reasonable hypothesis is that customers who installed their own controller were more 
familiar and comfortable with the technology and hence better able to fine tune the programming 
to maximize efficiency at their site.  Irrigation experts, landscape professionals, and 
knowledgeable water conservation staff agree that proper installation, programming, and fine 
tuning are critical to a successful smart controller installation.  In northern California utility 
personnel conducted an inspection of nearly all smart controller sites during which programming 
adjustments were made.  This approach appears to have improved savings for some northern 
California agencies, but it is unclear if the benefits of these efforts outweigh the additional 
program costs associated with conducting site inspections.  Post-installation inspections are a 
good idea, but the results from this study show that smart controller programs can achieve 
significant water savings without conducting site inspections. 

 
Customer training programs at distribution and exchange events in southern California 

proved that a little training goes a long way.  Participants were required to bring their old 
controller to the exchange event or class and were taken through exercises with the new 
controller to help familiarize them with the technology and to demonstrate the differences from 
the old controller. The research finding higher water savings from self-installed controllers bears 
out the efficacy of this training concept.  The verbatim customer survey responses indicate that 
not all self-installations were successful, and in some cases professional assistance was sought.  
Because of the relatively low cost of implementing an exchange program, other agencies may 
opt for this distribution method as a reasonable way to promote smart irrigation control 
technology.  An approach that is able to target customers with a history of applying water in 
excess of ET and then distributing the smart controllers with the low cost and ease of 
implementation of an exchange event could be an excellent hybrid program solution. 

 
Smart Irrigation Control Technology.  When seeking irrigation water savings, the pre-

existing level of excess irrigation at the customer site is the most important factor.  Most of the 
smart control brands and technologies evaluated in this study reduced irrigation demands on 
average.  Brands such as Accurate WeatherSet and ET Water achieved statistically significant 
water savings in the first year after installation.  Other brands did not.  It was not possible to say 
with statistical confidence that any brand saved the most water given the tremendous variability 
in landscape size and consequently irrigation volumes.  Different methods of irrigation control 
may distinguish themselves as superior over time.   
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Many irrigation experts agree that the best way to adapt irrigation applications to plant 

requirements is through local soil moisture measurement.  Only a small number of soil moisture 
sensor-based smart controllers were included in this study, but this is a technology that should be 
further developed and improved and researched.  The moisture level at the root zone of the 
landscape is the best measurement of the irrigation water requirement.  All other smart irrigation 
control technologies seek to approximate this measurement in some manner. 

 
More data are required to determine any real differences between irrigation controller 

brands and methodologies.  The multiple regression model used to compare controller brands 
only explained about 25% of the variability in the data.  It is certainly possible that under 
different modeling conditions a different outcome would have been obtained. 

 
SWAT Testing.  Seven of the eight controller brands included in this study28 have 

published SWAT test results.  Only Accurate WeatherSet has chosen not to participate in the 
SWAT testing process, but still this technology achieved statistically significant water savings.  
All of the published SWAT scores were above 95% for adequacy.  The results from this study 
indicate that the SWAT testing protocol may be a predictor of reasonable field performance, but 
is not a guarantee of water savings.  The SWAT testing protocol was not designed as a way to 
assess water savings, but rather is a method to try and ensure controllers apply the right amount 
of water based on current ET formulation.   

 
Testing is essential.  If water efficiency is the primary goal of the testing regime, then a 

conservation-oriented testing criteria perhaps derived from the current SWAT protocol should be 
considered.  Maintaining acceptable landscape appearance and health while minimizing the 
amount of water used should be the objective of water conservation-oriented smart controller 
bench testing.  Achieving this objective could possibly be achieved through the SWAT testing 
protocol, but might require changes including modifications to the way ET is currently 
formulated. 

 
Cost-Effectiveness – Depends on Avoided Costs and Water Rates.  Installing smart 

controllers may or may not be cost-effective for a utility or their customers.  The determination 
of cost-effectiveness depends upon the water savings, the avoided cost for water, local retail 
water rates, the discount rate factor used, and the expected useful life of the product.  Programs 
targeted customers who historically irrigate in excess of the theoretical requirement are far more 
likely to be cost effective under any avoided cost and pricing scenario.  Utilities seeking cost-
effective demand reductions should focus their efforts on identifying sites that stand the best 
chance of reducing demands through installation of a smart controller. 

 
Smart controllers will be cost-effective for many end users, but not all.  Utilities could 

easily provided simple cost-effectiveness calculations for customers to assist them in 
determining if a smart controller makes sense given their historic outdoor water demands.  For 
some customers, factors besides water and cost savings such as convenience and a desire to 
enhance landscape health and appearance may convince them to install a smart controller. 
                                                 
28 Eight smart controller technologies were installed at 15 or more sites in the study, the minimum required for 
inclusion in the analysis by manufacturer/technology. 
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Long-Term Performance Data Required.  More data on the long-term performance of 

smart controllers is required.  The limited multi-year analysis presented in this report which 
showed increasing savings over time indicates the potential for long-term water savings from 
smart controllers is promising, but it is certainly not the final word on this subject.  The DWR 
contract with the participating water agencies in northern and southern California specifies that 
post-installation water use must be tracked over a five-year period.  The participating water 
agencies should take full advantage of this opportunity to continue to monitor the impacts of 
smart controllers over the coming years and to track the persistence and/or decay of water 
savings over that time.   

 
Many more controllers were installed than were included in this study due to missing 

billing or site data.  However, this offers an important future opportunity to increase the sample 
size and further examine the impacts of smart controllers in the field.  It is possible that once 
longer-term results are available on a greater number of site installations different conclusions 
about the performance of smart controllers will be reached.   

 
Long-term landscape health and appearance should also be considered.  Water use 

data included in this study was from monthly or bi-monthly billing records.  Consequently, this 
study was not able to examine of how the controllers distribute irrigation events through time 
(i.e. frequency and duration or irrigation run times over a given period of time).  With such 
coarse data it is possible that a controller might apply an amount of water close to the theoretical 
irrigation requirement over the course of a month or two, but within a given week the irrigation 
run times might not be distributed properly.  While the distribution of irrigation events through 
time could not be examined in this study, it is potentially significant in the way smart controllers 
can affect overall plant health over time and should be the subject of further investigation.  Some 
smart controller technologies only adjust run times and not water days which could result in 
frequent shallow waterings.  Data on the long term appearance and health of landscapes irrigated 
with smart controllers should be collected. 

 
CIMIS Data for Urban Irrigation.  Accurate, consistent, and continuous climate, 

evapotranspiration, and precipitation data will be increasingly important for effective urban 
water management in the future.  The California Irrigation Management Information System 
(CIMIS) was originally created to provide critical data to agricultural water users in the state.  
More recently the system has been adapted to provide evapotranspiration data for urban 
irrigation management.  The researchers relied heavily on CIMIS data to develop the analyses 
presented in this report and the experience of working closely with these data leads to a series of 
recommendation for improving the CIMIS system to better serve the needs of urban irrigators. 

 
More CIMIS Stations Needed in Urban Areas.  California needs more CIMIS ET 

stations in urban areas.  Los Angeles and the surrounding metropolitan area in particular would 
benefit from additional CIMIS stations.  The research team for this study was forced to obtain 
supplementary climate data for much of the analysis conducted on sites in the Los Angeles area 
when problems were detected at the few CIMIS stations located in the LA basin. 
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Continuous Data are an Important Goal.  CIMIS stations are regularly removed from 
service for repairs and maintenance.  When this occurs, climate data during the outage is 
unavailable and those seeking climate that data must use alternative, often less ideal, CIMIS 
stations.  In this study, discontinuous data proved problematic and in many cases a particular 
CIMIS station could not be used because of discontinuity during the pre- or post-installation 
year.  Repairs and maintenance are essential to assuring the quality and accuracy of CIMIS data, 
but there might be ways to complete repairs while still recording data from that location.  One 
idea would be to temporarily replace station components with substitutes while others are 
removed for servicing. 

 
Formulate ET for Acceptable Landscape Appearance and Health Using the Least 

Amount of Water.  There is a bright future for the use of evapotranspiration data to help manage 
urban irrigation.  The essential goal of this effort will likely be maximizing water efficiency.  
Currently, CIMIS evapotranspiration data must be modified with various crop and landscape 
coefficients to adapt it to urban water requirements.  There is general agreement on how this is 
done, but in the long run, something different is needed.   

 
The research team believes in thinking big, and our recommendation is that research be 

conducted to develop a new urban ET factor designed to maximize water efficiency while 
maintaining landscape health and appearance.  Several recent landscape studies, including this 
one, have found the current ET formulation with a Kc value of 0.8 or even 0.7 is simply too high 
for many urban landscapes which contain a mixture of turf, trees, and plants (Sovocool, et. al. 
2006, White, et. al. 2007). The revised urban ET factor should be developed by agronomists, 
horticulturalists, and landscape experts from around the country with the goal of developing an 
ET value designed for the efficient irrigation of urban landscapes.  A water conservation-oriented 
ET factor should be based not on maximizing the growth of plants, as many current ET 
formulations are, but instead should be developed with the goal of acceptable landscape 
appearance and health using the least amount of water.  The new factor must be formulated for 
different parts of the country, different soils, different plant materials appropriate to the setting, 
and different climates, but with the same goal of acceptable landscape appearance using as little 
water as possible.  Ideally the new water conservation ET factor could be developed in the 
university environment at different locations across the country.  Many universities already have 
facilities and programs that could be enlisted in this effort which will probably require federal 
funding to move forward.  If urban landscape water conservation is expected to help stretch and 
support water supplies, this fundamental tool to help manage water use should be developed.  

 
Once developed, the water conservation ET factor could be incorporated into smart 

controller scheduling engines and algorithms to improve water savings. 
 

Looking Forward – Future Research, Thoughts, and Perspective 

This study represents an important step in the field evaluation of smart irrigation control, 
but in a sense it is only a beginning.  Under the DWR contract, the participating agencies in this 
study must track changes in water use at these smart controller sites over a five year time period.  
This should provide significant information on the long term performance of this technology in 
the field.  The limited multi-year analysis presented in this study suggests that water savings may 
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increase over time, perhaps as irrigators make adjustments to their controller to better fine tune 
applications to the needs of the landscape.  The additional data to be collected by the 
participating agencies should shed further light on this subject. 
 

Beyond this project, there are a number of ideas and areas that could be explored in 
future research efforts to tackle some of the questions that still remain about smart controllers.  
Some of these ideas and research concepts are discussed below. 

Detailed Site Analysis 
One of the weaknesses of this study was that only limited information about the 

landscape and irrigation system at each site was available.  A follow-on study could examine a 
smaller sub-sample of sites included in this study and perform detailed site audits to obtain 
important information unavailable to the authors of this report.  This could include, but is not 
limited to, information on the specific irrigated area at each site, the specific plant materials 
irrigated, the soil type and condition, shading (which has been shown to have tremendous impact 
of water requirements), slope, irrigation system condition, precipitation rate, distribution 
uniformity, irrigation schedules both before and after installation of a smart controller, changes 
made to the landscape and irrigation system at the time of installation, and other information. 
 

Armed with these data it may be possible to better understand the factors that influence 
water savings or increases in water use at different sites.  If additional years of post-installation 
water consumption data are available it should be possible to gain a better understand of the long 
term performance of smart controllers and to better understand how best to maximize water 
savings with this technology.  Such a study could be useful in determining how best to deploy 
smart irrigation control technology and how best to maximize water savings and minimize the 
number of sites that increase consumption. 

Incorporation of Water Budgets  
Establishment of ET-based irrigation water budgets for utility customers would greatly 

improve all efforts at managing outdoor water use, including efforts based on smart controller 
technology.  A number of agencies in California currently use water budgets or are developing 
them.  Research conducted at these agencies in which customers who exceed their annual 
outdoor water budget are selected to receive a smart controller could show the potential of this 
type of integrated management program. 

Advanced Metering Infrastructure 
Advanced Metering Infrastructure (AMI) can provide insight on when controllers irrigate 

at a fine time scale (hourly, daily, weekly) and could be used to show what kinds of irrigation 
schedules a controller calculates, information that is not available when only monthly or bi-
monthly billing data are available.   A better understanding of the irrigation scheduling practices 
of customers before and after installation of a smart controller could be helpful in determining 
which technologies are most appropriate in different situation and could help water agencies to 
better target program efforts. AMI systems also have devices that can provide the customer with 
real time water use data.  These devices provide the person who is actually controlling the water 
use—the customer—with the information they need to make intelligent decisions. 
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Moisture Sensor Based Irrigation Control 
Only one soil moisture sensor based controller site was included in this study.  Moisture 

sensor based controllers have shown promise in research dating back to the early 1990s as well 
as recent work conducted at the University of Florida.  Soil moisture sensor based irrigation 
control may offer some advantages over the climate based control technology examined in this 
study.  Additional field research on the performance of moisture sensor based controllers is 
needed. 

Solar Radiation Sensor Technology 
The Accurate Weatherset controller achieved impressive outdoor water savings in this 

study.  This controller uses a combination of on-site solar and rain sensors.  The use of on-site 
solar radiation measurement for irrigation control warrants further investigation as it appears to 
offer significant potential to achieve water savings. 
 
Transitioning From Conventional to Smart Irrigation Control 

Utilities hope that smart controllers offer a prudent investment with real potential to 
achieve substantial water savings.  Although the smart controller sites in this study saved an 
average of 47.3 kgal per site in outdoor use statewide, it was also found that more that 40% of 
the smart controller sites in the study ended up applying more water than with conventional 
control.  This study offers some explanations for this finding, but more information is needed.  Is 
the increase in water use due to a defect with the controller technology or is it simply a matter of 
improper setup or lack of fine tuning to the actual landscape conditions?   
 

One of the most common questions customers ask about smart controllers is, “How do I 
know if my smart controllers is set up correctly?”  A simple procedure to check the 
appropriateness of smart controller programming would be beneficial to all who install them.  If 
the total weekly run times of the smart controller exceed the total weekly times of the old 
conventional controller the smart controller is not likely to save water. Proper set up and 
programming remains a significant issue.  In this study it was found that customers who installed 
the controller themselves saved more water on average compared with professionally installed 
controllers.  This is somewhat troubling.  It is important that the irrigation industry figure out 
how to program smart controllers efficiently and properly to achieve healthy and attractive 
landscapes that receive the proper amount of water 

Smart Controllers of the Future 
Smart irrigation control technology, while perhaps not in its infancy, is certainly not fully 

mature.  As the idea of smart control gains traction with consumers these technologies will be 
refined and improved.  The smart controllers of 2020 will almost certainly be different from 
those evaluated in this study.  Currently there are a number of on-going efforts such as 
WaterSense and AB 2717 that seek to establish performance thresholds and standards for smart 
irrigation control technology.  These well intentioned efforts must develop their protocols 
carefully so as not to stifle innovation and new ideas that may yield improved field performance.   
 

It is also incumbent upon manufacturers and water utilities to think outside the box in the 
coming years.  A key missing ingredient in the current crop of low cost smart controllers is water 
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use and flow information.  A system that could connect to the on-site water meter via wireless 
technology could take advantage of the water use data to better adapt irrigation applications, 
identify leaks and broken valves and heads, and to provide useful information to the customer 
about the performance of their irrigation system.  Currently water providers are hesitant to allow 
much access to water meters and the information available from them.  In a future where we 
must use even less water to accomplish the same tasks, customers must have immediate access to 
information on their resource usage.  As more utilities adopt water budget-based rate structures, 
customers will have a greater need to understand their consumption patterns on a regular basis.  
Customer consumption information and feedback technologies currently exist and are being 
developed and refined for the consumer market.  The integration of better information on usage 
combined with smart control technology may offer opportunities for greater efficiency. 
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APPENDICES 

APPENDIX A – SMART CONTROLLER TECHNOLOGIES  

Introduction 
Methods for weather-responsive irrigation fall into several broad groups (Table A.1).  
 

Table A.1: Irrigation control method by manufacturer 

Company name Weather data source Station or 
zone capacity

SWAT test 
performance 

report 
available 

Number of 
controllers in 

study 

Accurate WeatherSet On-site solar and rain sensors 8-48 No 342 

Aqua Conserve Historic ET curves with onsite 
temperature sensor 6-66 Yes 288 

Calsense Onsite ET sensor.  
Soil moisture sensor 8-48 Yes 17 

ET Water Systems 
Public and ETWS weather 
station data managed by 

centralized computer 
1-48 Yes 94 

Hunter Industries On-site weather station with 
full set of sensors 1-48 Yes 44 

HydroPoint  

Public and Private Weather 
stations managed by central 

computer and wireless 
delivery 

6-48 Yes 537 

Irritrol Systems 
Public weather stations data 

managed by centralized 
computer server 

6-24 Yes 37 

Rain Master 
Automatic, historic or manually 
entered ET or optional on-site 

weather station 
6-36 Yes 22 

Toro Company 
Public weather station data 

managed by central computer 
server 

6-24 Yes 68 

Weathermatic 
On-site temperature and rain 
sensors and solar radiation 
estimated based on location 

8 to 48 Yes 838  
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A few controllers in this study use soil moisture sensors to determine watering needs. 
These types of controllers represent a small minority of the controllers studied Onsite controllers 
rely on sensors providing a variety of measurements to determine site-specific ET. Other 
controllers use ET data from networked weather stations to provide ET data. These data are 
interpolated for user-specified location.  

 
Site location is only one critical data point of many that is supplied by users. Set up 

requires users to input accurate information about their site, vegetation and irrigation system.   
 
Controller synopses are given based on the number of controllers in the study. The more 

heavily a controller is represented, the sooner it appears in this appendix document. Distribution 
by manufacture was far from uniform. Weathermatic controllers use onsite weather stations and 
represent about 36% of the controllers in the study. However, the combined number of 
controllers represented by the Toro / Irritrol / HydroPoint partnership (which uses remote 
weather station data) represents about 28% of the controllers in this study. In short, two products 
account for two-thirds of this study’s data points.  

 
Similarities Between Controllers 

Controllers this study represent a wide array of approaches to weather-based irrigation. 
However, despite these differences, there are some common characteristics.  

 

While the numbers of zones available on each controller vary, the range of zones 
overlaps significantly from manufacturer to manufacturer (Figure A.1). It should be noted that 
most controllers add zones in increments of eight.  

 

8 48
6 48
8 48

6 66
8 48

6 24

6 24

1 48
6 36
8 48

0 10 20 30 40 50 60 70 80

Weathermatic

Hydropoint

Accurate WeatherSet

Aqua Conserve

ETWater Systems

Toro

Irritrol

Hunter

Rainmaster

Calsense

Figure A 1: Zone capacities 
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Installation recommendations are also uniform. Manufactures recommend, but do not 
require, professional installation. All products are supported by local distribution and telephone 
technicians.  

 
Benchmarking and Evaluations 

The Smart Water Application Technology (SWAT) test is an assessment of climate-based 
controllers and sensor-based controllers. A six-zone virtual landscape mimics different plant and 
soil combinations. The test evaluates to major criteria: how well the controller met the needs of 
the plants and how much excess water was applied.  

 
The Irrigation Association developed the test. An independent third party, the Center for 

irrigation Technology at California State University, Fresno, administers the test. 
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WEATHERMATIC SMARTLINE 
 

Weathermatic controllers use onsite weather 
monitoring to adjust watering. Parameters used to calculate 
ET are rain fall, temperature (both collected from the onsite 
station) and solar radiation (determined as a function of 
latitude) (DOI 2007).  

 
These controllers comprise approximately 36% of 

controller sites evaluated in this study.   
 

Irrigation Control Method 
Weathermatic Smartline controllers use 

onsite-weather monitoring of temperature and rainfall plus 
calculated solar radiation to adjust watering run times in 
response to weather.  

 
During initial set up, users identify sprinkler type, 

plant type, slope and soil type for each zone from a series of 
menus. When identifying irrigation set up, users can select 
from spray, rotor or drip (sprinkler type). More advanced 
users can also skip these menu-inputs and use precipitation 
rates to describe sprinkler efficiency. Advanced users can 
skip the plant-type menu and describe the crop coefficient 
using percentages, but basic programmers select from cool 
turf, warm turf, annuals, shrubs, native or trees (plant type). 
Users also input other site characteristics such as soil type 
(sand, clay, loam) and slope for each zone. 

  
The controller calculates basic watering times for 

each zone from these data. Users also select watering start 
times and days (DOI 2007).  

 
It should be noted that at this point, weather control is 

optional; this basic program can run without the onsite-weather station. 
 
Users also input their zip code information. The zip code is used to calculate solar 

radiation for the site. If located outside of the U.S., users can input latitude rather than zip code 
to calculate the solar radiation at a given site (Weathermatic 2008).  

 
The Smartline controller uses the entire inputted site and system data to determine how 

much water is needed for each zone. The inputted system allows the controller to determine how 
that water will be delivered. This is the method for calculating the basic run times for each zone.   

 
The weather-based controlling takes over from there.  
 

 

  

Figure A 2: Weathermatic 
weather station
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A hygroscopic disc rain sensor collects precipitation data and provides a rain delay. The 
temperature sensor, which is encased in a solar shield, tracks high and low temperatures. Using 
temperature and rainfall, the Weathermatic controller uses a Hargreaves-based ET calculation.  

 
The Hargreaves equation estimates solar radiation based on the daily temperature range, 

extraterrestrial (i.e. above atmospheric conditions) solar radiation (which is solely a function of 
latitude) and an empirical constant. This constant may vary as a function of location.  In short, 
this equation yields ET values that do not require on-site measurements of solar radiation.  The 
performance of this equation and measuring system has been found to correspond with CIMIS 
data. (Figure A.3) (Weathermatic 2008).   

 

Evapotranspiration data allows the controller to determine the watering deficit. Based on 
this deficit, the controller adjusts zone run times.  

 
After the system is operating in weather control-mode, users can employ a percent adjust 

feature to alter calculated run times for each zone. Run times can be reduced by as much as 50% 
or increased by 25% (DOI 2007). 

 
Other Product Features 

Weathermatic controllers come in four-zone increments up to 48-zone sizes.  Installing 
modules to add zones can expand many of these systems. The controllers may run up to four 
programs. 

 
 Four of the five Smartline controllers can be installed indoors or outside. The smallest 

controller, the SL800, requires indoor installation. Surge/lightening protection is also a standard 
feature of the controllers.  

 
Weathermatic’s onsite temperature gauge is also tied to a freeze shut off. The onsite rain 

gauge is likewise part of a system rain-shut off feature.   
 
For a more complete list of features, see the end of this appendix. 
 

Figure A.3: Weathermatic ET compared to CIMIS ET data 
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Installation, Maintenance, Service Pricing and Warranty 
Weathermatic recommends professional 

installation, however homeowners may install 
the controllers. Weathermatic also has online 
video tutorials to help users set up their system.  

 
In addition to programming the 

controllers, the weather station also requires 
proper installation. The weather station should 
be located where it can accurately capture 
rainfall. Because the temperature sensor has 
solar shielding, it can be installed in shade or 
sunlight (Weathermatic Smartline undated). Care 
should be taken installation to keep the sensors 
away from heat sources such as chimneys or 
vents. The manufacturer recommends installing 
the weather station where there is open-air flow. 
For example, the station should not be set up in a 
corner (DOI 2007).  

 
Weathermatic offers a two-year warranty. 

Battery replacement is part of the required 
maintenance. The product is supported be 
telephone technicians and local distributors (DOI 
2007).  

Weathermatic, which went into business in 1945, provides irrigation hardware such as 
rotors, sprayers and valves. The Smartline, Weathermatic’s weather-based controller, entered the 
market in 2004.  Not all of Weathermatic controllers are weather-based. However, all controllers 
can be converted to weather-based control (DOI 2007).  

 
The controller ranges in price from $299 to $816.80. The weather station, which is 

necessary for weather-controlled irrigation, costs $199 to $299. Since weather monitoring is 
onsite, no subscription serves is needed (DOI 2007).  

 
Benchmarking and Evaluations 

Weathermatic controllers have published SWAT test results. For the six test zones, the 
controller (a SL1600 model) met 100% of the irrigation adequacy, on average. Irrigation excess 
averaged 0.4% for those six zones (IA Weathermatic 2007). SWAT results can be found at the 
Irrigation Association Website (http://www.irrigation.org/).  Weathermatic has also performed 
significant testing of its Hargreaves equation-based ET calculation in comparison with CIMIS 
ET data. In addition, Weathermatic controllers have been incorporated into other independent 
studies. Marin Municipal Water district studied 13 controllers in 2002 and 2003. The reported 
water savings was 26% in the 2002 results and 32% in 2003 (Weathermatic 2008, DOI 2007).  

 

 

Figure A 4: Weathermatic control panel 
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HYDROPOINT WEATHERTRAK 
 

HydroPoint Data Systems’ WeatherTRAK controllers use ET data from public and 
private stations as the bases for weather-responsive irrigation. HydroPoint controllers do not use 
a base schedule for irrigation. Rather, user entered site data are combined with ET data to create 
dynamic irrigation schedules. HydroPoint’s weather service is ET Everywhere (DOI 2007). 

 
WeatherTRAK is in partnership with Toro / Irritrol. HydroPoint is the software partner, 

while Toro / Irritrol provides 
hardware (Starr 2008). For 
that reason, some HydroPoint 
controllers have some 
software features that are not 
available on Toro / Irritrol 
controllers. Internet-based 
management features (e.g. 
flow and runtime reports) are 
not available on Toro / Irritrol 
controllers (HydroPoint 
HydroPoint 2008).  

 
HydroPoint 

WeatherTRAK controllers 
account for about 23% of the 
controller sites in this study. 
Toro and Irritrol controllers 
account for about four percent 
of controller sites in this 
study.  

 
Irrigation Control Method  

User-provided site characteristics allow HydroPoint to evaluate the water needs of the 
site on a zone-by-zone bases. HydroPoint’s ET Everywhere service collects ET data from 
weather station networks and evaluates those data. Once data are evaluated, ET information is 
sent to controllers.  User defined site data and ET data are combined to create an assessment of 
soil-moisture depletion. Once soil moisture is depleted to a certain level, runtimes are calculated 
for each zone (HydroPoint HydroPoint 2008).  
 

Site characteristics include the landscaping as well as the irrigation system. For system 
information, users input sprinkler type or precipitation rates for each zone.  Users also describe 
system efficiency using a percent adjust feature.  Plant type (or crop coefficient), root depth, soil 
type, slope and microclimate data are parameters used to describe the landscape characteristics. 
(DOI 2007)  
 

ET Everywhere, HydroPoint’s weather information service, networks with over 40,000 
weather stations. This includes public and private stations. HydroPoint downloads weather data 

 

Figure A 5: HydroPoint's data system 
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from NOAA and other satellites. These data are used by HydroPoint to calculate ET data with a 
reported resolution of one square kilometer. (HydroPoint HydroPoint 2008).   

 

These ET data, in conjunction with 
site and landscape information, is used to 
track soil-moisture depletion. Once 
depletion reaches 50%, a new schedule is 
calculated to re-normalize the water 
balance. Days to water, run times and 
soak/cycle times are all parameters that 
can be adjusted to meet soil-moisture 
targets. This information is sent to each 
controller via satellite signal. While data 
transmission is wireless, some controllers 
may require optional antennas to receive 
signal (HydroPoint HydroPoint 2008). 

 

Using a percent adjust, users can vary how much water each zone receives. This variation 
can range 50% lower than calculated to 25% higher. 

 
Other Product Features 

HydroPoint controllers have a variety of scheduling options. The number of watering 
programs is unlimited. Two programs can also be run simultaneously. The controller offers eight 
different start times with 20 repeat cycles.  Start times can over lap.  Controllers can be 
programmed to prohibit watering on different days to meet with local watering restrictions and 
regulations (DOI 2007).  
  

Through an optional service, WeatherTRAK.net, controllers can be managed from a 
personal computer, mobile phone or personal data assistant. WeatherTRAK.net allows for two-
way communication with the controller. This service notifies users of watering adjustments and 
alerts. A single account can manage one or more controllers. This service is a standard part of the 
commercial controller service (HydroPoint HydroPoint 2008).  
 

HydroPoint offers controllers in a range of sizes. These range from a nine-zone 
residential model to a 48-zone pedestal commercial controller.  All controllers can be installed 
outside or indoors. 
 

Additional onsite sensors can be added to HydroPoint controllers. These include rain (for 
rain shut off), wind, freeze (freeze shut off), and flow sensors. Rain shut off is available through 
this onsite sensor, but can also be done by contacting HydroPoint (DOI 2007).  For a more 
complete list of features, see the end of this appendix. 
 
Installation, Maintenance, Service, Warranty and Pricing 

HydroPoint recommends professional installations, but it is not required.  

 

Figure A 6: HydroPoint controller 
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No battery replacement is required, which is a common maintenance requirement in other 
controllers. HydroPoint offers a variety of support. Users can call telephone technicians. Local 
distributors are also available for support. If needed, onsite technicians are also available (DOI 
2007).  
 

Residential models have three-year warranties and commercial controllers have five-year 
warranties. Residential / light commercial controllers cost between $509 and $759. Prices for 
commercial controllers run from $1,600 to $2,450.  Weather-responsive irrigation requires 
subscription to the ET Everywhere service. For residential controllers this starts at $48 and runs 
up to $84. For commercial controllers, the service prices range from $84 to $225. Multi-year 
discounts are available (HydroPoint HydroPoint 2008).  
 
Benchmarking and Evaluations 

HydroPoint reports that its controllers reduce water use by 59 to 71% (DOI 2007). 
HydroPoint controllers have been part of numerous water efficiency studies (Table A.2). 
HydroPoint completed SWAT testing in 2005. SWAT results can be found at the Irrigation 
Association Website (http://www.irrigation.org/). The average irrigation adequacy of six test 
zones was 100%. Irrigation excess averaged zero percent for six zones (IA WeatherTRAK 2006). 

 
Table A.2: Studies incorporating HydroPoint WeatherTRAK controllers 

Study Name / Authors Study Sites Year 
Residential Runoff Reduction Study (R3 Study) 112 2004 
Report on Performance of ET Based Irrigation Controller 10 2003 
Weather Based Controller Bench Test Report 9 2004 
Evaluation of Weather-Sensing Landscape Irrigation Controllers 24 2004 
Residential Water Savings Associated with Satellite-Based ET 
Irrigation Controllers 

27 Undated 

City of Bend, Oregon  2004-2005 
University of Nevada, Las Vegas (UNLV) and Southern Nevada 
Water Authority,  

 2004-2005 

LA Dept. of Water & Power 80 2002-2003 
Santa Barbara County,  100+ 2001-present 
IRWD/MWD,   1998-1999 
LA Dept. of Water & Power 500 2004 
University of Nevada Reno Cooperative Extension ET Satellite 
Irrigation Controller Study 

 2001-2002 

University of Arizona  On going 
Metropolitan Water District  2004 
Colorado State University  2003 
Soquel Creek Water District  2005 
Santa Clara Valley Water District  2004-present 
Victor Valley Water District  2004-2005 
Newhall County Water District  2005 

(HydroPoint 2008, DOI 2008) 
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ACCURATE WEATHERSET 
 

Accurate WeatherSet’s weather-based irrigation 
controller is the Smart Timer. These controllers account for 
about 15% of the controller sites in this study. The Smart 
Timer uses onsite weather sensors to determine ET values. 
These sensors include Accurate WeatherSet’s SunFall 
sensor and a rain sensor.  Once ET values are determined, 
the controller adjusts base schedule run times on a zone-by-
zone bases. Accurate WeatherSet’s residential controllers 
entered the market in 2001. Accurate WeatherSet offers the 
most economical controller in the study (DOI 2007).  

 
Irrigation Control Method 

Accurate WeatherSet calculates onsite ET based on 
data from onsite sensors. Accurate WeatherSet works off 
the premise that solar radiation accounts for about 90% of 
ET when there is little wind. Wind does affect ET, but even 
during high winds, solar radiation still accounts for 85% of 
ET, Accurate WeatherSet reports. As a result, the solar 
sensor tracks ET. Accurate WeatherSet also adds an eight-
percent correction to the solar data. This makes the data 
more accurately match ET (Accurate WeatherSet 
WeatherSet 2008). 
 

The solar sensor, the SunFall sensor, is manufactured by Accurate WeatherSet. It records 
data every two minutes.  According to Accurate WeatherSet, solar radiation reduces by about 
two-thirds as the seasons change and the sun stays lower in the sky.  Accurate WeatherSet uses 
self-adjusting programs to account for these changes (DOI 2007).  
 

The rain sensor, which is collects data every two minutes, is a Rainbrain. This sensor was 
originally manufactured by Ecological. Weathermatic acquired Ecological (Weathermatic 
Weathermatic 2008). The rain sensor is used for rain shut off as well as scheduling; the 
controller accounts for the length of rain shut off when calculating irrigation schedules.  
 

Users have four watering modes to choose from when programming the controller. These 
modes are selected for each zone. Users select from “flowers,” “lawn,” “shrubs” and “LWU,” 
which stands for low water use. This program is for plants that expect no rain from May through 
September and winter rain from October to April. Three of these modes are designated with 
different plant types. However, root depth is also an important factor in how the modes water. 
“Flowers” is for shallow-root plants. “Lawn” is for medium root-depth plants and the “shrubs” 
setting is for plants with deep roots. Users may also prevent run off by setting a maximum run 
time for each zone (Accurate WeatherSet WeatherSet 2008). 
 

  

Figure A 7: Accurate 
WeatherSet controller
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Based on the user-inputted root depth, the solar radiation (which tracks ET) and the 
measured precipitation, the controller determines when to run the irrigation systems and how 
long each zone should run (DOI 2007).  
 
Other Product Features 
  Accurate WeatherSet, which has been making weather-base 
irrigation controllers since 1979, has two models of residential controllers 
and seven models of commercial controllers.  
 

Run-off control is a part of Accurate WeatherSet’s selling points 
with theses controllers. Users can set the maximum each zone may run in 
an hour. This limits run off for each zone. The number of cycles a zone 
runs is a function of the controller-calculated run time divided by the user-
set time limit (Accurate WeatherSet WeatherSet 2008).  
 

Accurate WeatherSet’s largest controller can manage as many as 48 
zones. The smallest controller manages eight zones (Accurate WeatherSet 
WeatherSet 2008). For a more complete list a features see the end of this 
appendix. 
 
Installation, Maintenance, Service, Warranty and Pricing 

The SunFall sensors require installation in primarily sunny locations. However, adaptive 
logic control gives the solar sensor the ability to work in partial shade.  The rain sensor is 
bundled with the solar radiation sensor. The Smart Timer 8R and the Smart Timer 12R must be 
protected from precipitation. However, the commercial-grade models may be installed out doors 
(Accurate WeatherSet WeatherSet 2008).  
 

Accurate WeatherSet’s smallest controller costs $148, which includes the solar radiation 
and rain sensors. The most expensive controller costs $960; again, the sensors are included in 
this price. Sold separately, sensors cost $50 (DOI 2007).  
 

Accurate WeatherSet offers a three-year warranty. Local distributors and on-site 
technicians support these controllers in select areas in the west. Telephone technicians are also 
available.  
 
Benchmarking and Evaluations 
 No SWAT report is available for the Accurate WeatherSet controller.  However, 
Accurate WeatherSet controllers have been included in at least two other studies (Table A.3).  
 
 
 
 
 
 

 

 

Figure A 8: 
WeatherSet’s 
solar radiation 

and rain sensors
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Table A.3: Studies incorporating Accurate WeatherSet controllers 

Study Name / Authors Authors Study Sites Year 
Weather Based Controller 
Bench Test Report 

Metropolitan Water 
District of Southern 

California 

9 2004 

Evaluation of Weather-
Sensing Landscape Irrigation 
Controllers 

Pittenger, et al. 24 2004 
 

(DOI 2008) 
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AQUA CONSERVE 
 

Aqua Conserve uses historical ET data to modify 
user-entered irrigation schedules. Historical ET curves 
are based on data from various public weather station 
networks. These data correspond to 17 geographical 
regions. The historical ET data are adjusted by onsite 
temperature readings. Models range from six zones to 66 
zones. This makes Aqua Conserve one of the largest 
capacity controllers in this study. Twelve percent of the 
controllers in this study were Aqua Conserve controllers.  
 
Irrigation Control Method 

First, a base schedule should be programmed into 
the controller. This schedule should be the maximum 
water needed (essentially water needs dictated by July 
weather conditions). Users can either use a pre-existing 
schedule, consult their landscaper, get information from 
local water authorities or access data on the Aqua 
Conserve website. On the site, users can select their area 
and download regionally tailored guidance for various 
run times. These guidelines cross-reference four plant 
types with two sprinkler types. Based on sun or shade, Aqua Conserve recommends the number 
of times an area should be watered per week. Aqua Conserve also provides users with a chart to 
limit cycle times based on site slope and soil type (Aqua Conserve Setup undated).  

 
Once maximum run times are determined for each zone, ET control takes over. Users 

select which historic regional ET curve will be used to modify their watering schedule. Historical 
ET values come from various weather station networks such as CIMIS. ET data are highly 
dependant on local weather patterns. Aqua Conserve uses region codes to identify with historical 
ET curves to use (DOI 2007). Those regions are: 
 

• Southern California Inland to Desert 
• California Low Desert 
• California Central Valley 
• Northern California costal 
• California High Desert 
• California Coastal 
• Phoenix, Arizona 
• Reno, Nevada 
• Las Vegas, Nevada 
• Denver, Colorado 
• Northern Colorado 
• Albuquerque,  New Mexico 
• Las Cruces, New Mexico 
• Seattle, Washington 

 

Figure A 9: Aqua Conserve 
controller 
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• Logan, Utah 
• San Antonio, Texas 
• Dallas / Fort Worth, Texas  

 
 

The controller performs regression analysis using the historic ET data and temperature 
data provided by the onsite temperature sensor to determine site-specific and weather-specific 
irrigation requirements. These irrigation requirements are then used to reduce the previously 
programmed maximum irrigation schedule.  Historic ET data are updated two times per month 
(Addink, Addink 2005, Aqua Conserve 2008).  

 
Other Product Features 

Aqua Conserve controllers can track the accumulated water needs for periods when ET 
dictates low watering. In winter months, run times are typically short (for example a zone may 
require only one minute of operation). Rather than run for a moment, the accumulation feature 
allows the controller to skip watering for a few days and then apply the accumulated water 
requirement all at once (for example running for seven minutes once a week). The accumulation 
feature allows for deeper watering of the soil (US Patent 2005, Aqua Conserve User’s Guide 
2004). 

 
Residential models include rain sensors and commercial controllers have the option of 

adding rain sensors. These sensors provide rain shut-off.  If rain delay 
is triggered, the controller will not water for 24 hours after rain stops. 

 
Three residential models require indoor installation. Two 

residential models can be installed out side. All 16 commercial 
models may be installed outside.  
 

For a more complete list a features see the end of this 
appendix. 
 
Installation, Maintenance, Service, Warranty and Pricing 

Professional installation is recommended but not required for 
residential controllers. Professional installation of commercial 
controllers is highly recommended.  
 

Maintenance of the controllers includes battery replacement.   
Telephone technicians and local distributors provide product support. 
Aqua Conserve controllers have a three-year warranty.  
 

With model sizes ranging from six zones to 66 zones (the 
largest range of any manufacturer in the study) it is not surprising that there are a wide range of 
prices for Aqua Conserver controllers. The smallest controller starts at $264 and the largest 
controller is $6,193. No annual service costs are associated with controllers (DOI 2007).  
 
 

 

Figure A 10: Aqua 
Conserve 

controller (Ultimo 
series) 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management 163

Benchmarking and Evaluations 
Aqua Conserve has published SWAT test results. SWAT results can be found at the 

Irrigation Association Website (http://www.irrigation.org/). The average irrigation adequacy of 
six test zones was 100%. Irrigation excess averaged 0.2% for six zones (IA Aqua Conserve 
2007). Aqua Conserve controllers have been part of several studies (Table A.4). Studies in 
California and Colorado have shown water savings ranging from 21 to 28% (DOI 2008).  
 
Table A.4: Studies incorporating Aqua Conserve controllers 

Study Name / Authors Authors Study Sites Year 
Residential Landscape Irrigation 
study Using Aqua ET Controllers 

Addink and Rodda 74 2002 

Water Efficient Irrigation Study 
Final Report 

The Saving Water 
Partnership 

24 2003 

Weather Based Controller Bench 
Test Report 

Metropolitan Water 
district of Southern 
California 

9 2004 

Evaluation of Weather-Sensing 
Landscape Irrigation Controllers 

Pittenger et al. 24 2004 
 

(DOI 2008) 
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TORO / IRRITROL 
 

Toro / Irritrol controllers use ET data from public 
and private stations as the bases for weather-responsive 
irrigation. These controllers do not use a base schedule 
for irrigation. Rather, user entered site data are 
combined with ET data to create dynamic irrigation 
schedules. Toro / Irritrol controllers use the ET 
Everywhere service to manage ET data. 
 

The Toro Company owns and partners with a 
number of other WBIC manufacturers. Toro owns 
Irritrol and manufactures Irritrol Smart Dial weather-
based irrigation controllers. Toro partners with 
HydroPoint Data Services. Both Toro and Irritrol 
controllers use HydroPoint’s ET Everywhere data 
service. Toro also owns Rain Master. However, Rain 
Master’s controllers are manufactured separately and have different functionality. Toro’s Intelli-
Sense controllers are only one part of Toro’s business; Toro manufactures a wide variety of 
landscape and irrigation products (Starr 2008). 
 

Toro controllers represent 2.9% of the controller sites in this study. Irritrol controllers 
represent another 1.6%. HydroPoint controllers account for 23% of controller sites in this study, 
so combined this irrigation control method accounts for about 28% of the controller sites in this 

study.  
 
Irrigation Control Method 

User-provided site characteristics allow Toro / Irritrol 
controllers to evaluate the water needs of the site on a zone-by-
zone bases. HydroPoint’s ET Everywhere service collects ET data 
from weather station networks and evaluates those data. Once data 
are evaluated, ET information is sent to controllers.  User defined 
site data and ET data are combined to create an assessment of 
soil-moisture depletion. Once soil moisture is depleted to a certain 
level, runtimes are calculated for each zone (DOI 2007).  
  

Site characteristics include the landscaping as well as the 
irrigation system. For system information, users input sprinkler 

type or precipitation rates for each zone.  Users also describe system efficiency using a percent 
adjust feature.  Plant type (or crop coefficient), root depth, soil type, slope and microclimate data 
are parameters used to describe the landscape characteristics.   
 

ET Everywhere, HydroPoint’s weather information service, networks with over 40,000 
weather stations. This includes public and private stations. HydroPoint downloads weather data 
from NOAA and other satellites. These data are used by Toro / Irritrol to calculate ET data with 
a reported resolution of one square kilometer (HydroPoint HydroPoint 2008).  

 

Figure A 11: Toro controller 

 

Figure A 12: Irritrol 
controller
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These ET data, in conjunction with site and landscape information, is used to track soil-

moisture depletion. Once depletion reaches 50%, a new schedule is calculated to re-normalize 
the water balance. Days to water, run times and soak/cycle times are all parameters that can be 
adjusted to meet soil-moisture targets. This information is sent to each controller via satellite 
signal. While data transmission is wireless, some controllers may require optional antennas to 
receive signal (DOI 2007). 
 

Using a percent adjust, users can vary how much water each zone receives. This variation 
can range 50% lower than calculated to 25% higher. For a more complete list a features see the 
end of this appendix. 
 
Installation, Maintenance, Service, Warranty and Pricing 

As with most manufacturers, Toro/Irritrol recommends but does not require professional 
installation. Maintenance consists of battery replacement. Local distributors and telephone 
technicians provide support for products. Both lines of controllers have five-year warranties. The 
price ranges from $399 to $899. Subscription to the ET Everywhere service is required and costs 
between $48 and $84 per year (DOI 2007).  
 
Benchmarking and Evaluations 

SWAT results can be found at the Irrigation Association Website 
(http://www.irrigation.org/). The average irrigation adequacy of six test zones was 100%. 
Irrigation excess averaged zero percent for six zones for the Intelli-Sense controller (IA Toro 
2006). The Smart Dial controller had identical results (IA Irritrol 2006).  
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Table A.5: Studies incorporating Toro / Irritrol / HydroPoint technology 

Study Name / Authors Study Sites Year 
Residential Runoff Reduction Study (R3 Study) 112 2004
Report on Performance of ET Based Irrigation 
Controller 

10 2003

Weather Based Controller Bench Test Report 9 2004
Evaluation of Weather-Sensing Landscape Irrigation 
Controllers 

24 2004

Residential Water Savings Associated with Satellite-
Based ET Irrigation Controllers 

27 Undated

City of Bend, Oregon  2004-2005
University of Nevada, Las Vegas (UNLV) and 
Southern Nevada Water Authority,  

 2004-2005

LA Dept. of Water & Power 80 2002-2003
Santa Barbara County,  100+ 2001-present
IRWD/MWD,   1998-1999
LA Dept. of Water & Power 500 2004
University of Nevada Reno Cooperative Extension ET 
Satellite Irrigation Controller Study 

 2001-2002

University of Arizona  On going
Metropolitan Water District  2004
Colorado State University  2003
Soquel Creek Water District  2005
Santa Clara Valley Water District  2004-present
Victor Valley Water District  2004-2005
Newhall County Water District  2005

(HydroPoint HydroPoint 2008, DOI 2008, Starr 2008) 
 

Since Toro/Irritrol controllers use the same irrigation control method as HydroPoint, it is 
reasonable to assume the numerous studies involving HydroPoint controllers provide some 
information on how Toro/Irritrol controllers function (Starr 2008). Table A.5 shows a list of 
studies incorporating HydroPoint controllers. 
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ETWATER SYSTEMS 
 

ETWater Systems uses ET and precipitation data from existing public and private 
weather stations. ETWater uses more than 10,000 stations. The company has plans to offer its 
service nation wide in 2009.  
 

A major feature of ETWater’s irrigation control is a Web-based interface that controls 
and monitors irrigation. The web interface collects site information, determines start times based 
on ET data from public and private weather stations, provides users with detailed watering 
history and tracks controller information. Obviously, these features require the user to have a 
computer with an Internet connection. 
 

ETWater Systems controllers account for about 4.1% of controllers in this study. 
 
Irrigation Control Method 

Computer servers at ETWater Systems compile and check data from various weather 
networks (CIMIS, Florida Automated Weather Network, and NOAA) (Snow 2008). These data 
are combined with a user’s online account information to create a seven-day watering plan that is 

sent to the irrigation controller. 
Watering plans are sent daily, 
with each message having a 
rolling seven-day plan. Two-
way communication allows 
ETWater to track controller 
history and communication. 
These data are sent back to the 
user. 
 

During initial set up, 
users set up an account on 
ETWater’s website.  Users enter 
landscape and site information 
via ETWater’s website. Pictorial 
menus allow users to select site 
information. Alternatively, users 
may input data via drop down 
menus. Users identify site 
characteristics such as plant 

type, irrigation system (or application rate), soil type, slope, root depth, sun exposure and 
distribution uniformity. Default parameters are also suggested. Users can also adjust many other 
parameters of the watering program. Users can block watering on certain days, which is done by 
a series of check boxes, and blocking can be station-by-station or globally. The ETWater 
interface also allows users to set time frames when stations are allowed to water (DOI 2007, 
ETWater ETWater 2008).  
 

 

Figure A 13: ETWater manager interface 
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Once set up is complete, ETWater System’s computers develop irrigation schedules 
based on ET data, rainfall and site-specific information.  The basic approach is the water balance 
method. Zone-by-zone run times are calculated from user-inputted data. These run times do not 
change. Rather, the controller runs the predetermined irrigation program once the soil moisture 
depletion reaches a certain level. ETWater uses proprietary algorithms to determine soil moisture 
depletion. Different algorithms maybe used for different plant types. Users may set different 
depletion targets, but the typical setting is 50%.  Once this target is met, the controller runs the 
irrigation program (DOI 2007).  
 

Scheduling information is sent to the controller via wireless connection, telephone line or 
power line. If communication is interrupted, the controller continues watering according to the 
most recent schedule it received. The controller may be set up in an offline mode if telephone 
service is unavailable.  
 

The web interface also provides information back to the user. For example, it tracks 30 
days of watering history in a calendar format. The interface shows station-by-station start times 
and durations.  Each user’s account has a page for messages. These messages can include 
updates on how well the controller is communicating with ETWater’s servers.  
 

ETWater’s commercial program allows similar management for multiple sites. Multiple 
site management provides the user with an account overview that lists all the sites managed 
through that account (ETWater ETWater 2008).  
 
Other Product Features 

ETWater Systems offers controllers with 8 to 48 zones.  Additional station modules may 
be added to some controllers in eight-zone increments. It should also be noted that one ETWater 
online account has the ability manage multiple controllers, so if more than 48 zones are needed, a 
configuration of multiple controllers could still be managed from one account (Snow 2008).  
 

ETWater reports that users are frequently 
networked to a weather station in their town or 
even in their suburb. However, if no weather 
stations are nearby, ETWater has an exclusive 
contract with WeatherBug. WeatherBug has more 
station locations, and if necessary, a weather 
station maybe set up onsite and used in conjunction 
with the ETWater controller. 
 

ETWater Systems controllers do not require 
indoor installation. The controllers also offer surge 
protection. Programs to establish new turf and 
deliver fertilizer are also available (DOI 2007). 
 

Several sensors can be added to the 
irrigation controller. Flow sensors can be added to valves in the irrigation system, and using the 
online irrigation manager, users can set flow limits. If the flow limit is exceeded, they receive an 

 

Figure A 14: ETWater controller 
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email message. An optional rain sensor can be added to the system to create a rain shut off 
(Snow 2008).      
                                                                                                                                                                                    

For a more complete list a features please see the end of this appendix. 
 
Installation, Maintenance, Service, Warranty and Pricing 

ETWater Systems does not require professional installation, however professional 
installation is recommended. Estimated costs for professional installation range from $75 to $225 
(DOI 2007). 
 

ETWater offers three- or five-year warranties. Maintenance involves battery replacement. 
Product support includes local distributors, telephone technicians and on-site service. Because 
ETWater is largely a web-based product, telephone technicians can log into a user’s account to 
view watering protocols and the watering history of the site (Snow 2008).  
 

As of 2008, commercial controllers (model Smart Controller 205) range from $1429 up 
to $2609 for a 48-zone wireless model. Residential controller (the Smart Controller 105 model) 
prices, for 2008, range from $499 to $819 for models with 8 to 16 zones. A service contract is 
required for online features and weather-based irrigation. For commercial, the contract run $199 
per year, but purchase of multiple years can lower the price to $97 per year. Residential costs are 
$75 per year, but multi-year plans can reduce costs to $50 per year (DOI 2007).  
 
Benchmarking and Evaluations 

ETWater self reports average water savings from their controllers in the range of 20 to 
50%. ETWater completed SWAT testing in 2004. SWAT results can be found at the Irrigation 
Association Website (http://www.irrigation.org/). The average irrigation adequacy of six test 
zones was 100%. Irrigation excess averaged 1.5% for six zones. (IA ETWater 2006) ETWater 
System’s controllers are also part of an ongoing study conducted at the University of Florida 
(DOI 2008).  
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HUNTER 
 

Hunter manufactures a weather-based control system 
that works with existing Hunter irrigation controllers. The 
weather-based irrigation product, the ET System, consists of an 
onsite weather station and an ET module that is added on to a 
previously installed Hunter irrigation controller.  The weather 
station includes a solar radiation sensor, temperature sensor and 
a relative humidity sensor. An optional wind sensor can be 
added for increased accuracy (DOI 2007).  
 

 Hunter controllers account for 1.9% of controller sites 
in this study. 
 

As of November 2008, Hunter’s ET System was 
unavailable (Hunter Hunter Industries: The Irrigation 
Innovators 2008). 
 
Irrigation Control Method 

Using solar radiation, air temperature and relative humidity, the ET System calculates ET 
for the site. The rain sensor is a tipping bucket type gauge. An optional anemometer can also be 
added to the system to improve ET measurements (DIO 2007).  
 

The ET Module runs the irrigation system through the pre-existing Hunter controller. It 
overrides an existing program (typically program A) with the climate-controlled watering 
schedule.  
 

Users enter site-specific conditions. 
They can select from 12 grass types, four shrub 
types, four ground cover types, four vine types, 
four tree types, four perennial types and two 
categories of desert plants. Possible sprinkler 
types are rotor, spray, drip, bubbler or a custom 
rate entered by the user. More sophisticated 
users can enter crop coefficients instead of plant 
type and Application Ratio instead of sprinkler 
type. Users can select from eight soil types 
(sand, loamy sand, sandy loam, loam, clay 
loam, clay, silt, and silty clay) to describe their 
site. Slope and microclimate (sun/shade) data 
can be entered as percent. The controller also 

accepts data about plant maturity. If users identify plants as new, the system will allow for more 
water for these plants. The system will revert to watering times appropriate for mature plants 
after a period. This time period depends on the type of plant identified. These data are entered for 
each zone. Users also enter which days the system may run (Hunter Instructions 2008). 
 

Figure A 15: Hunter 
controller 

Figure A 16: Hunter weather station 
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The ET System then combines real-time ET data with zone-specific information to 
determine soil moisture depletion. The system also looks at the allowed watering days when 
calculating the irrigation schedule. These factors are combined to determine the manageable 
allowed depletion of water. Target depletion is 30% to 50%.  If the calculated run time is below a 
certain minimum, the system will not run. This prevents shallow watering (DOI 2007).  
 
Other Product Features 

 The Hunter ET System is not a stand-alone irrigation controller. Rather, this system is 
added on to an existing Hunter irrigation controller. The ET System is compatible with most 
Hunter controllers less than ten years old.  It will work with any model that has a SmartPort. 
These ports are found on several models: SRC/SRC Plus, Pro-C, ICC and ACC. It does not work 
with other brands of controllers. 
 

Onsite sensors allow for several different shut-off thresholds. The rain gauge trips the 
system off if precipitation is detected. If temperatures drop below 35o F, the control module shuts 
off the irrigation system (Hunter Instructions 2008).  
 

High temperatures can also trigger watering. The ET System will run the irrigation 
system when extreme conditions threaten plant health. This WiltGuard feature will run the 
system regardless of time day.  The optional anemometer can also shut off watering during high 
winds (Hunter Instructions 2008).  
  

For a more complete list a features see the end of this appendix. 
 

Installation, Maintenance, Service, Warranty and Pricing 
 

As with most controllers professional installation is recommended but not required. Setup 
reportedly takes about two hours. The ET Module uses power from the SmartPort and requires 
no additional wiring. The weather sensors should be surround by pants representative of the 
site’s vegetation. Full-sun turf is recommended. The sensor station should be on a pole or a post 
6.5 feet above the ground with 6.5 feet of vegetation surrounding it on all sides. The weather 
station should be installed within 100 feet of the ET Module (Hunter Instructions 2008).  
 

As with many controllers, the Hunter ET system requires battery replacement. Other 
maintenance includes cleaning sensors. Hunter recommends wiping the platform and sensors 
every 30 days (Hunter Instructions 2008). Technical support is available by telephone or from 
local distributors. Hunter offers a two-year warranty. The ET System costs $429. No on-going 
fees are required (DOI 2007).  
 
Benchmarking and Evaluations 
Hunter has a published SWAT test. SWAT results can be found at the Irrigation Association 
Website (http://www.irrigation.org/). The average irrigation adequacy of six test zones was 
100%. Irrigation excess averaged 0.5% for six zones (IA Hunter 2007).  
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RAIN MASTER 
 

Rain Master controllers offer a wide variety of methods 
for weather-based irrigation. Daily ET can come from public 
weather stations via Internet connection. Rain Master’s Weather 
Center II weather station is another option for obtaining onsite ET 
data. ET data can be directly inputted into the controller (DOI 
2007).  
 

Rain Master’s basic weather-responsive irrigation 
controller is the Eagle model. Rain Master also has a larger 
commercial product, the Oasis Water Management System (using 
the Evolution DX controller) that also provides weather-
responsive irrigation control. 
 

It should be noted that Toro owns Rain Master. However, 
the two companies use different methods for weather-based 
irrigation control (Starr 2008). 
 

Rain Master controllers account for 0.9% of controller 
sites in this study. 
 
Irrigation Control Method 

Rain Master controllers can receive ET data from a variety 
of sources. Data can come from remote weather station networks 
or an onsite weather station.  
 

Data from remote weather station networks can be sent to the controller using Rain 
Master’s ZipET service. The Rain Master controller must be configured with Rain Master’s 
iCentral two-way wireless card. Once the controller is Internet enabled, there are two possible 
sources for data. Users located in California can obtain daily ET data from CIMIS. Users outside 
California can use Rain Master’s ZipET service. The ZipET services collects data from Federal 
Aviation Administration and NOAA stations. These data are evaluated for quality and if 
necessary converted to a uniform format. Based on the user-supplied zip code, the ZipET service 
interpolates ET data for a given controller’s location. Then these ET data are sent to the 
controller (DOI 2007).  
 

Alternatively, ET data can come from an onsite weather station. Rain Master’s ET 
Weather Center WSII. This weather station includes a solar radiation sensor, rain gauge, relative 
humidity sensor and wind gauge. This weather station calculates ET every 10 seconds.  
 

Users can also manually enter ET data. In this scenario, manually entered data are 
typically used in tandem with historical ET data stored in the controller. The manual data over 
rides historical data for one week and then the controller reverts to historical ET data (DOI 
2007). 
 

Figure A.18: Rain Master 
controller (pedestal mount) 
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These historical data also provide backup ET data in the event communication with other ET 
sources is interrupted. 
 

During set up, users enter two types of data. 
Scheduling constraints define allowed watering times and 
days. Site attributes include plant type, soil type, root 
depth, precipitation rate, distribution uniformity, zone 
efficiency and allowable soil moisture depletion. 
 

Once ET data are supplied to the unit, station run 
times are adjusted.  Adjustments are made on a daily 
bases. 
  
Other Product Features 

 If two-way wireless Internet communication is 
enabled, Rain Master’s iCentral web service can email 
users information about changes in irrigation and the 
irrigation control system itself. 
 

Sensors on the controller can shut off irrigation if 
conditions are not favorable. Rain delay and high wind 
shut features can be enabled. High and low temperatures 
(freezing) can also trigger a shutdown of the irrigation 
system. Flow sensors can also be added to the irrigation 
system. If the controller senses a mainline break or 
unscheduled flow irrigation is suspended (DOI 2007). 
 

For a more complete list a features see the end of 
this appendix. 
 
Installation, Maintenance, Service, Warranty and 
Pricing 

Rain Master recommends but does not require 
professional installation. However, AC power to the unit 
requires hard wiring. The weather station comes with a 
ten-foot high pole for mounting. It should be located away 
from high obstructions such as buildings or trees. 
Multiplying the height of such obstructions by a factor of 
ten gives the distance the station should be placed from 
the given obstruction. Rain Master recommends locating 
the station in an area where it will be surrounded by turf 
(Rain Master Manual undated). 
 

Maintenance consists of yearly (or once per irrigation season) cleaning of the sensors. 
Cleaning is straightforward; users should inspect the sensors for debris (Rain Master Manual 
undated). The anemometer’s bearings should be checked once per year as well. Controllers have 

Figure A 17: Rain Master 
weather station
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a five-year warranty. Telephone technicians and local distributors provide support. Prices range 
from $640 to $4,264. Annual service costs range for $0 to $180 (DOI 2007).  
 
Benchmarking and Evaluations 

A study done by Solano County Water Agency found 27% decrease in average water use 
after installing Rain Master controllers in parks in four cities in its district (Solano 2005).  
 

Rain Master self reports water savings in the 25-percent to 40-percent range.  Rain 
Master has published SWAT test results.  SWAT results can be found at the Irrigation 
Association Website (http://www.irrigation.org/). The average irrigation adequacy of six test 
zones was 100%. Irrigation excess averaged zero percent for six zones (IA Rain Master 2008).  
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CALSENSE 
 

Calsense controllers can receive ET data from a 
variety of sources. Onsite measurements of ET or 
weather conditions can be used. CIMIS data may also be 
used.  Soil moisture sensors also provide additional 
control of the irrigation system.  
 

As a company, Calsense’s primary market is 
larger institutions such as universities or transportation 
departments. They do not make a product tailored for 
the typical residential customer. 
 

Calsense controllers account for 0.7% of 
controller sites in this study. 
 
Irrigation Control Method 

Onsite ET data can come from Calsense's own ET gauge. This is an atmometer consisting 
of a canvass covered ceramic plate on a reservoir of water. The canvass covered ceramic plate 
reproduces the characteristics of plant Evapotranspiration (Irmak, et al 2005). 
 

As an alternative, onsite ET conditions can be 
monitored by a weather station manufactured by Campbell 
Scientific.  
 

The controller can also use CIMIS data. However, if 
onsite weather station data or CIMIS data are used, the 
controller must be networked with a personal computer that 
calculates ET and communicates it to the controller. Historic 
ET data are preprogrammed into the controller as backup 
(D.O. I. 2007).  
 

Onsite sensors provide additional feed back. A 
tipping bucket rain gauge (optional) can measure amount 
and rate of rainfall so this data can be taken into account 
when the controller calculates the zone run times. A wind 
gauge and rain switch can be added to the system to provide 

irrigation shut-offs during adverse watering conditions. A flow meter can be connected to the 
irrigation system. This monitors the system for mainline breaks, no flow situations and high 
flows. 
 

Once ET data are provided, the controller adjusts a preprogrammed watering schedule. 
This is a run-time based schedule entered by the user. Users can select watering days. Users can 
also program cycle/soak times (Calsense Quick set Up 2007). 
 

 

Figure A 19: Calsense 
anemometer 

Figure A 20: Calsense controller 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management 176

Soil moisture sensors are also an optional part of the Calsense system. Calsense uses a 
densitometer soil sensor.  Such sensors can over-ride the ET-calculated watering schedule (D.O. 
I. 2007).  
 
Other Product Features 

Calsense controllers support eight to 48 zones, but can also be networked to personal 
computer via modem, hardwire, Ethernet or radio signal. It can function as a field control 
component in a larger system or as a stand-alone controller.  
 

Calsense controllers have a water budget feature. A monthly budget volume is 
programmed into the controller. The controller tracks use and extrapolates future use (over the 
course of the month). It alerts the user if water usage will exceed budget.  
For a more complete list a features see the end of this appendix. (D.O. I. 2007) 
 
Installation, Maintenance, Service, Warranty and Pricing 

As with other manufacturers, professional installation is recommended. The controller 
can be installed indoors or outside, but the various sensors, gauges and meters require specific 
installation locations. The recommended height of the wind gauge is 10 feet above the ground, 
and clear of obstructions (Calsense Wind Gauge 2007). Calsense’s ET sensor should be mounted 
three feet to 3.33 feet above the ground. Mounting on a post is recommended, but the top of the 
post should be below the top of the ET sensor (Calsense ET Gauge and Enclosure Installation 
2006). This sensor must also be protected from freezing, so it should be installed after the last 
frost of spring and removed before the first frost of fall (Calsense ET Gauge and Enclosure 
Information 2006). Calsense field technicians make the determination on where to place the soil 
moisture sensor. Prior to the field technician’s site visit, the irrigation contractor should have the 
controller installed, all lateral lines complete and heads installed. In addition, any shrubs should 
already be planted (Calsense Moisture 2001). Calsense also recommends routine maintenance of 
the sensors. 
 

Onsite technicians, local distributors and telephone technicians are all available to 
support the Calsense products.  Onsite technicians also provide hands-on training for Calsense 
products. Calsense controllers have a ten-year warranty. Prices range from $999 to $3,660 (D.O. 
I. 2007). 
 
Benchmarking and Evaluations 

Calsense has a published SWAT test result. SWAT results can be found at the Irrigation 
Association Website (http://www.irrigation.org/). The average irrigation adequacy of six test 
zones was 100%. Irrigation excess averaged zero percent for six zones (IA Calsense 2007). 
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Manufacturer
Accurate 

WeatherSet Aqua Conserve Calsense
ET Water 
Systems

Hunter 
Industries

HydroPoint 
Weather TRAK Irritrol Systems Rain Master Toro Company Weathermatic

Telephone (818) 993-1449 (951) 352-3891 (800) 572-8608
(415)945-9383 

ext. 205 (760)591-7344 (800) 362-8774 (800) 664-4740 (805) 527-4498 (800) 664-4740 (972)278-6131

Contact person Andrew Davis Dan Oshaben Rick Capitanio Greg Black Dave Shoup Chris Manchuck Robert Starr Steve Springer Robert Starr BrodieBruner

Website
www.weatherset.

com
www.aquaconser

ve.com
www.calsense.co

m
www.etwater.co

m
www.hunterindus

tries.com
www.weathertrak

.com www.irritrol.com
www.rainmaster.

com www.toro.com
www.smartline.co

m
Number of residential model 
types 2 2 0 2 1 1 1 0 1 2
Number of commercial 
model types 1 2 1 4 1 1 1 1 1 1
Date product(s) entered 
market 1994 1998 1993 Mar-05 Feb-06 1997 2005 2002 2005 2004

Historical data ● ● back up ●
On-site sensor(s) ● ● ● ● ● Optional Optional ● Optional ●
Remote weather 
station(s)/sensors ● ● ● ● ●

Weather data source
On-site solar and 

rain sensors

16 
preprogrammed 
ET curves with 

on-site 
temperature 

sensor

Historic ET data, 
evaporative 

atmometer type 
ET sensor, 

weather station or 
CIMIS data. Soil 

sensor

Public and ETWS 
weather station 

data managed by 
centralized 
computer

On-site weather 
station with full 
set of sensors

Public and 
Private Weather 
stations managed 

by central 
computer and 

wireless delivery

Public weather 
stations data 
managed by 
centralized 

computer server

Automatic, 
historic or 

manually entered 
ET or optional on-

site weather 
station

Public weather 
station data 
managed by 

central computer 
server

On-site 
temperature sensor 
and solar radiation 
estimated based on 

location
Manufacturer reported water 
savings (percent) Not Available 21 to 28 20 to 40 20 to 50 30 16 to 58 Not available 25 to 40 Not available 20 to 50

Warranty 3 years 3 years 10 years 2 Years
Res: 3 yrs, Comm 

5 yrs 5 years 5 years 5 years 2 years

On-site service technicians
In Southern 
California ● ● ●

Telephone technicians ● ● ● ● ● ● ● ● ● ●

Local distributors
In Southern 
California ● ● ● ● ● ● ● ● ●

Professional installation & 
programming recommended ●

Commercial 
models ● ● ● ● ● Recommended Recommended  

Ongoing maintenance 
required Clean sensors Clean sensors Clean sensors

Battery replacement required ● ● ● ● ● ●

    Product support and warranty

Method of operation and water savings

Installation and maintenance requirements

Table A 6: Controller features 
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Manufacturer
Accurate 

WeatherSet Aqua Conserve Calsense
ET Water 
Systems

Hunter 
Industries

HydroPoint 
Weather TRAK Irritrol Systems Rain Master Toro Company Weathermatic

Stand-alone or add-onto 
existing stand-alone Stand-alone Stand-alone Stand-alone Stand-alone Add-on Stand-alone Stand alone Stand alone Stand alone Stand alone
Station or zone capacity 8-48 6-66 8-48 1-48 1-48 6-48 6-24 6-36 6-24 8 to 48
Master valve or pump 
circuit(s) 1 1-4 2 2 Not applicable 1 1 1 1 1

Internal power transformer
Outdoor models 

only Commercial only yes yes Not applicable yes ● ● ●
Station circuit current rating 
(Amperes) 0.75 and 1.5 1.0 1.5 1.1 Not applicable 0.375 and 0.5 0.5 0.5 1.5
Terminal wire size range 
(gauge) 12-20 12-18 14 12 and smaller Not applicable 12-20 12-18 14-18

Outdoor installation ●
All commercial & 

2 residential ● ● ● ● ● ● 3 models ●

On-site rain gauge or sensor 
w/ rain shut-off/ delay ●

 res. Optional on 
comm. ● ● ● ● ● ● ● ●

Rain shut-off/ delay by 
remote sensor ● ● ● ●
Rain-fall irrigation schedule 
compensation ● ● ● ● ● ● ● ●
On-site wind gauge w/ high 
wind shut-off ● ● ● ●
High wind shut-off by 
remote sensor ● ● ●
On-site temperature sensor 
w/ freeze shut-off ● ● ● ● ● ● ●

On-site temperature sensor 
w/ high temp on or off ● ●
Freeze or high temp shut-off 
by remote sensor ● ●

On-site evaporative 
atmometer type "ETSensor" ●

On-site solar radiation sensor ● ● ● ●
On-site humidity sensor ● ● ●

Flow sensor(s)  connectivity 5 models 12 models ● ● ● ●

Additional sensor terminals with adaptor ● ● ● ● ●
Internet or computer 
interface ● ●
Remote control  device(s) for 
controller ● ● ● ● ●
Two-way  communication 
between server and receiver ● Not applicable

Commercial 
model ●  

Station circuit testing 5 models ● Not applicable ● ● ● ●
Surge and/or lightning 
protection 5 models ● ● ● ● ● ● ● ●
SWAT test  performance 
report available ● ● ● ● ● ● ● ● ●  
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Manufacturer
Accurate 

WeatherSet Aqua Conserve Calsense
ET Water 
Systems

Hunter 
Industries

HydroPoint 
Weather TRAK Irritrol Systems Rain Master Toro Company Weathermatic

Fully automatic schedule (no 
base schedule required) ● ● ● ● Optional ●
Base irrigation schedule 
required ● ● ● Optional ● ●
User may define non-
irrigation days ● ● ● ● ● ● ● ● ● ●
Operable in manual clock 
mode ● ● ● ● ● ● ● ● ● ●
Manual operation by station 
or program ● ● ● ● ● ● ●
Variable total run times ● ● ● ● ● ● ● ● ● ●

Irrigation schedule period(s)
Weekday or daily 

to 40 days Week or odd/even 7, 14, 21 or 28 ay Unlimited days
Weekday, 1-31 
day, odd/even

8 weeks, 
odd/even & 

weekday Not applicable 7 or 30 days Not applicable
Up to 31 days & 

odd / even

Available start times 10 4 to 8
6 per manual 

program 9
8 starts with 20 

repeat cycles 5
Cycle / soak manual input ● ● ● Optional ● ●
Cycle / soak periods 
automatically calculated ● ● ● ● ● ● ●
Runs concurrent stations ● ● ● ● ●
Number of programs 5 4 7 Unlimited Not applicable Unlimited Up to 64 cycles 4 Up to 64 cycles 4
Percent irrigation adjust 
feature ●

% ET adjust per 
station ● ● ● ● ● ● ●

Station distribution 
uniformity / efficiency 
setting ● ● ●
Syringe cycle or program ● ● ● ● ● ●
New landscape 
establishment / fertilizer 
program ● ● ● ●
Review of weather 
information ● ● ● ● ● ● ● ●
Review of irrigation or water 
use information ● ● ● ● ● ● ● ● ● ●
English and Spanish 
languages display ● ●

Suggested retail price $220 to $1,440 $240 to $5,630 $1,290 - $3,660 $419-$2,399 $429 $449 - $3,675 $399 - $899 $640 - $4,264 $399 - $898 $299.90-$816.80
Annual service cost $0 $0 $0 $40 - $199 $0 $48 - $225 $48 - $84 $0 - $180 $48 - $84 $0 

Scheduling features

Cost

 
(D.O.I. 2007, Aquacraft 2009) 
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APPENDIX B – WEATHER NORMALIZATION PLAN 

As discussed in our conference call on Friday, February 10, 2006, the research team has 
developed this brief explanation of our proposed methodology for working with differences in 
weather conditions during the pre- and post-WBIC installation periods.  It is important to note 
that we do not intend to “normalize” on weather. Normalization implies that the results would be 
divided by a weather variable, such as inches of net ET, and expressed as something like Kgal of 
savings/inch of net ET. This is not the plan, rather, our intention is to use weather as one of the 
variables in explaining WBIC performance in the regression analyses.  In this respect, weather 
will be one of several variables that will be used in order to explain both efficiency of the 
systems as the ratio of the actual to theoretical irrigation applications, and actual water savings in 
Kgal. 

The Problem 
When working with irrigation consumption data from different time periods it is essential 

to take weather conditions into consideration so that changes in usage patterns are accurately 
attributed.  For example, let’s assume the baseline (pre-installation) period was hot and dry and 
the post-installation period was cool and wet and irrigation water use at the site decreased by 
50%.  The question is, what portion of the 50% reduction is attributable to the WBIC and what 
portion is properly attributable to the change in weather patterns. 

The Solution 
The researchers propose two methods for controlling for the “confounding” weather 

variable. 

Method 1 – The primary approach envisioned in our proposal for the project is to use site 
information and pertinent ET data to calculate a variable for each WBIC site called the 
“Theoretical irrigation requirement” - Vt.  

Vt  (kgal or HCF) is the actual irrigation requirement for the site based on ET, landscaped 
area, and other available factors. 

Va (kgal or HCF) is the actual volume of water applied to the site during the pre or post-
WBIC period obtained through historic billing data. 

Application Ratio (AR) = Va/ Vt.  This value can be expressed as a percentage and is a 
measure of the percent of the theoretical irrigation requirement that was actually applied to the 
site.  A value of 120% would indicate that 20% more water was applied than was theoretically 
required.  A value of 50% would indicate that only half of the theoretical requirement for the site 
was applied.  For each site we will calculate ARpre and ARpost for the pre and post-WBIC 
installation periods. 

The difference between ARpre and ARpost - (i.e. ARpre - ARpost) represents a change in the 
percent of the theoretical requirement applied to each site.  This is a change value that has been 
“corrected” for changes in weather and can be used as the dependent variable in regression 
analysis.  It can also be used in the place of change in water use in t-tests. 
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For example, if we know that a certain WBIC treatment reliably gives a 15% reduction in 
the average Application Ratio(AR) then this result can be applied to whatever theoretical 
irrigation requirement exists for the local site in order to determine the corresponding volume of 
water saved.  Obviously, the result will first be calculated for the WBIC study group in order to 
determine the volumes of water saved for the two time periods involved in the study.   

Method 2 – We also want to test to see if there is a relationship between weather the 
observed changes in AR at the site. This could happen if certain technologies do better or worse 
as ET changes. Our second approach will be to simply calculate the change in ET for each site 
(pre to post) and then to use this value as an independent variable in the multiple regression 
analysis.  Ideally both Method 1 and Method 2 will yield identical (or at least similar) results. 
 However, in the real world of field data analysis this may not prove to be the case.  For example, 
a WBIC without a rain sensor may not able to respond to rainfall properly and would show a 
lower change in AR during wet periods than dry periods, while a “perfect” WBIC would  

Landscape Changes 

Concern has been expressed about the possibility of landscape changes occurring 
concurrently with the installation of a WBIC at various study sites.  This could result it 
significant changes to water use patterns that could then (incorrectly) be attributed to the WBIC. 
 This issue is specifically addressed in the customer survey.  The survey asks about any changes 
to the landscape that the customer has undertaken concurrently with installing and using the 
WBIC.  The survey also asks about any and changes and improvements to the irrigation system 
that might have been made.  This will allow the consultants to perform separate analysis on sites 
that changed their landscape and sites that did not as well as sites that modified their irrigation 
system and sites that did not.   

It should be understood that the research team will not obtain survey responses from all 
sites and there will certainly be analysis for which these factors cannot be taken into 
consideration.  Using the combination of utility billing data, installation data, landscape area 
data, and survey data the consultants will do their best to tease out these and other important 
factors and to develop an un-biased analysis of the impact of weather based controllers under a 
variety of conditions. 

1 The installation goal is a maximum (“up to”) target number to be achieved. 
2 Estimated savings were included in the original grant proposal and reflect various individual 
agency assumptions and rough estimates based on the types of controllers to be installed and the 
water demand in each area.  Actual savings are anticipated to differ substantially. 
3 A minimum of two years of pre-smart controller installation billing data are required (five 
years preferable).  At least one year of post-smart controller installation billing data are also 
required. 
4 The site Application Ratio equals the ratio of the actual irrigation application to the theoretical 
application requirement, based on the landscape characteristics. AR = Va/Vt 
5 At least 2 years pre smart controller and 1 year post smart controller are recommended. 
6 DeOreo, W.B. et. al. 2003. Weather-Based Irrigation Controller Research and Support. 
Aquacraft, Inc., Boulder, CO. 
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APPENDIX C – CIMIS ET ZONES 
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APPENDIX D - STATISTICAL SAMPLING PLAN 

In order to include a smart controller site in the study, two fundamental pieces of data are 
required to determine the change in total water used for irrigation and change in irrigation 
application rates: (1) historic water billing data from which irrigation use either can be directly 
determined or inferred with reasonable accuracy; and (2) a reasonable estimate of the irrigated 
area at the sites (irrigated area).  The original RFP and final scope of work assigns EBMUD and 
MWD the task of providing the evaluation team with these data.   

The Northern California Program has indicated that they intend to collect these (and 
other) data from every participant in their project.  The southern California Program anticipates 
that obtaining these data could be difficult and only wishes to collect them from a sample of their 
participants.  Hence the scope of work includes developing a statistical sampling plan.  

There are two key components to the sampling plan: 

1. Determination of sample size required for statistical confidence  

2. Sampling approach and strategy  

 
Determination of Sample Size Required 

Calculating Sample Size for a Paired Sample (Determining Whether Water Savings Have 
Been Achieved) 

The formula for determining an appropriate sample size to give a specified probability of 
correctly concluding that a difference of a given size is statistically significantly different from 0 
is: 

 

where: 

n = sample size 
z = z-score of the desired confidence interval and the z-score of the statistical power of the inference; 

these can also be notated as: 
z1-α: where α = probability that a detected difference is due to chance alone, 1- α  is in essence the type of 

confidence interval, e.g., 95% confidence interval.  α is the quantification of a Type I 
error, which is the error of noting a difference as statistically significantly greater than 
0 when in reality no such difference exists.  In this case, α is not divided by two 
because we are assuming a one-sided test (whether the smart controllers save water). 
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z1-β: where 1-β is the statistical power i.e., the probability of detecting a difference if one exists; 95% 
indicates that there is a 95% probability of indicating a difference is statistically 
different from 0 when it actually is.  β is the quantification of a Type II error, which is 
the error of NOT noting a difference as statistically significantly different from 0 
when in reality it is.  

σΔ = the standard deviation of the differences observed (in this case, the standard deviation of the 
difference between pre-installation water application rates and post-installation water 
application rates) 

Δ = the size of the change desired to be detected (in this case, the difference between pre-installation 
water application rates and post-installation water application rates) 

The value for z is determined by the confidence level one wishes to attain and by the 
statistical power one wishes for the test of statistical inference.  For a 95% confidence level and 
95% statistical power, where α = 0.05 and β = 0.05, z = 1.64.   

Assumptions of Normality: This formula relies on the assumption that the distribution 
of changes in application rates are normally (Gaussian) distributed, or can be normalized using 
appropriate mathematical techniques.  This means the distributions would take on the 
approximate shape of a bell curve.  Experience has shown that municipal water use data are 
almost always not Gaussian, but is instead lognormally distributed.  However, we are interested 
in the distribution of the differences in water application rates.  Lognormally transforming the 
data becomes more problematic, as the differences between lognormally transformed rates do not 
represent the lognormally transformed difference in rates but the ratio of the rates.  Thus, sample 
size calculations in this document have been made only using non-transformed data.  Using the 
LADWP smart controller study data, a natural logarithm transformation was completed and the 
water savings calculated.  The log transformation resulted in a much better fit of the data to a 
normal distribution.  The average reduction in application rate for the transformed data were only 
10.5% and no improvement/reduction in the required sample size could be made.  In fact sample 
size calculations on the transformed data suggest a sample size of 100 sites would be required to 
achieve the desired statistical confidence.  

 
Sample Size Needed for Paired Sample 

Three scenarios are considered here and the results presented in  use actual data from 
smart controller studies.  The first scenario presents results from the Los Angeles Department of 
Water and Power (LADWP) smart controller study of 507 homes equipped with WeatherTRAK 
controllers.  This is the best available information on the performance of a large number of smart 
controllers in the field and the careful methodology and large sample size makes it a powerful 
tool for evaluating future sample size requirements in southern California. The second scenario 
uses data from a small sample of smart controller installations in Colorado (“Colorado smart 
controller”). 

The LADWP smart controller study data provides the best information currently 
available on automatic irrigation patterns in southern California.  All results presented in this 
document should be considered preliminary and should not be reported or shared in any form. 
 LADWP was kind enough to provide us with these data for the purpose of assisting in sample 
size determination for the remainder of the southern California smart controller project.  The 
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LADWP sites will be included in the overall evaluation.  Data from the LADWP is considered to 
be reliable and accurate.  Landscape area was carefully measured (and re-measured in several 
cases) and the smart controllers were professionally installed.  This may mean that these 
preliminary results represent the “best case scenario” in terms of needed sample size, as the 
standard deviation may be smaller than we might expect to observe across all the sites to be 
included in the evaluation. 

In the LADWP study, the mean observed application rate pre-installation was 64.6” and 
the standard deviation was 35.6”.  The mean change in observed application rates was a 
reduction of 7.2” (11.2%) and the standard deviation of the change in application rate was 19.8”. 
 For the LADWP scenarios shown in , the values for the sample size formula are: 

σΔ = 19.8"  

Δ = 7.2" (which represents a decrease of 11.2%). 

For the “Colorado smart controller” scenario, it was assumed that the standard deviation 
of the difference would be about that observed in a sample of 10 sites examined by Aquacraft in 
their Colorado smart controller study.  In the Colorado sample, the mean observed application 
rate pre-installation was 34.9" and the standard deviation was 20.8". The mean change in 
observed application rate was a 6.7" (19.2%) reduction and the standard deviation was 15.7". 
 However, the evaluation team believes a 10% change in application rate (as observed in the 
LADWP study) is more likely primarily because most of the Colorado savings occurred on a 
single site. Thus for the Colorado smart controller scenario the values for the formula are: 

σΔ = 15.7" (about the standard deviation observed in the Colorado smart controller study) 

Δ1 = 3.1" (about a 10% change from the baseline observation in the Colorado smart controller 
Study) and 

Δ2 = 6.7" (the actual change observed from baseline in the Colorado smart controller Study, 
which represents about a 19% change). 

The needed sample size to detect changes of the size noted for each scenario is shown in 
 below.  Using the actual data from the LADWP study it was determined that a sample size of 82 
would be sufficient to detect the observed application rate reductions at a 95% confidence level, 
with a 95% probability of noting such a difference as statistically significant.  If the “power” is 
reduced to an 80% probability of detecting a difference as large as 7.2,” the required sample size 
is only 47.   

If, however, the size of the difference that might be expected is smaller, such as the 
“Colorado smart controller 1” scenario, the required sample size is 278 to have a 95% probability 
of noting such a difference as statistically significantly different than no change. 
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Table H-1 : Sample size calculation scenarios 

 

Clearly, there will be sufficient sample size to answer the first evaluation question about 
whether there was an impact on water consumption across all the programs.  The total sample 
that will be available from southern California will likely also be sufficient to answer the second 
question, whether there was an impact in the southern California programs.  However, there may 
not be sufficient sample from each agency to answer the third evaluation question about impacts 
within each agency. 
Calculating Sample Size for Differences between Paired Samples (Evaluation Question #4) 
It is important to understand that the sample sizes above are calculated to determine whether 
smart controller technologies have an impact on water consumption.  However, the study also 
proposes to evaluate whether there are differences in water savings by model of controller, 
climate zone, customer class, installation method, etc.  It is understood that achieving a sample 
size of 82 or even 47 for each possible combination of categories may be difficult.  Instead, the 
goal shall be to obtain sufficient sample size within the most important categories – those being: 
model of controller, customer category (residential, non-residential), and utility agency.  Other 
factors such as installation method, climate zone, etc. will be evaluated and utilized in the 
analysis, but will not be used as a criteria for determining required sample size.  The study team 
can conduct analyses to determine whether each customer category, technology model, etc. has 
realized water savings, but a more interesting question may be whether these water savings are 
higher or lower by these various categories.  For example, two types of Smart controllers may 
both produce water savings (that are statistically significant).  However, one may save more 
water than another.  In order to examine this type of question, the savings achieved will need to 
be compared.   

The equation below shows the sample size needed in each group to be compared.  It 
assumes an equal number of sites in each group (unlikely, but such a scenario simplifies the 
formula): 

 

where  
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n = sample size for each group 

z1-α/2 = z-score of the desired confidence interval (α = probability that a detected difference is due 
to chance alone, it is divided by 2 because we are assuming a two-tailed test for this 
type of inference; 1- α  is in essence the type of confidence interval, e.g., 95% 
confidence interval) 

z1-β = z-score of the desired power (i.e., the probability of detecting a difference if one exists) 

σΔ1 = the standard deviation of the differences observed in group 1(in this case, the standard 
deviation of the difference between pre-installation water application rates and post-
installation water application rates in group 1) 

σΔ2 = the standard deviation of the differences observed in group 2 

Δ1 – Δ2 = the size of the differences between the two groups desired to be detected (in this case, 
the difference between pre-installation water application rates and post-installation 
water application rates in groups 1 and 2) 

In calculating the sample sizes needed, the following values were used: 

α = 0.05 (the most typical value; this means that any differences indicated as statistically 
significant would have less than a 5% probability of being due to chance alone) 

1-β = 0.80 (again, a very typical value; this means that the “power” to detect a difference is 80%; 
or that there is an 80% probability of detecting a difference if one exists) 

Sample Size Needed for Detecting Differences Between Paired Samples 
As shown in  below, the sample size needed in each group to find a difference between 

technologies as large as that found from pre-installation to post-installation in the LADWP sites 
installed thus far would be 119.  However, it is unlikely that the differences between 
technologies would be so large; to find a difference half that large would require almost 500 in 
each group; to find a difference a quarter of that size would require a sample size of nearly 1,900.  

 

Table H-2 : Sample Size Needed to Detect Statistical Differences Between Two Types of 
Smart Controller Technologies or Installation Processes, Etc. 

1-β 
(power) 

α Δ1-Δ2 σΔ1 σΔ2 Sample Size Needed in Each 
Group 

0.80 0.05 7.20 19.8 19.8 119 

0.80 0.05 3.60 19.8 19.8 475 

0.80 0.05 1.80 19.8 19.8 1,899 
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Sampling Approach and Strategy 

The sampling methodology developed by the evaluation team is designed to maximize 
the analytic capability within each utility program and between the two primary customer 
categories (residential and non-residential), and among different smart controller technologies. 
 As of the date of this report, the sampling approach has only been developed for the southern 
California smart controller programs.  However, the conclusions drawn from this analysis are 
applicable to the northern California smart controller program and should be considered prior to 
program implementation.   

 
Possibly Limited Generalizability 

It should be noted that the sites that will be included in this study are clearly not a random 
sample of all water customers in an agency.  Rather the sites have either been recruited or have 
volunteered to take part in this program.  As such these customers are unlikely to be 
representative of the population of which they are members (i.e. agency customers, California 
irrigators, etc.). This may limit the generalizability of the study results to all water customers in 
an agency or in California.  However, it may be that these participants are typical of the types of 
customers that could be expected to take part in similar programs in the future or who are likely 
to install a smart controller in the future.  Such issues of generalizability are common in pilot 
research projects such as this one and should not be considered a stumbling block in the overall 
success of the program of the evaluation effort. 

 
Recommended Sampling Approach  

The sample sizes required to detect the water savings likely to be observed in the smart 
controller program shown in  and Table 2 are based on the best available information.  These 
data suggest that in order to report statistically significant water savings within each participating 
agency’s program, a minimum sample size of approximately 80 smart controller sites will be 
needed for each.  If a single technology/program is implemented within groups of agencies such 
that the total equals at least 80 sites, then statistically reliable results will likely be obtainable if 
the same deltas and standard deviations obtain as those from LA. 

However, the goal of the evaluation is not only to gauge whether installation of smart 
controllers results in significant water savings overall, but also to determine whether certain 
types of smart controller technology are more effective than others.  It is likely that the 
differences in water savings between types of controllers will be smaller than the overall 
difference.  (For example, one type of technology may save 8.5” from pre-installation to post-
installation, while another may save 6.5” from pre- to post-installation.)  Larger sample sizes 
within technology types will be needed in order to detect these technology effects. 

Based on the sample size calculations shown above and the estimates of smart controller 
sites in each agency, the evaluation team recommends that a saturation sampling approach be 
used wherever possible for this evaluation.  This means that every smart controller site from 
every participating agency will be included in the evaluation.  This approach will maximize the 
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power to detect statistically significant changes in water use within each agency and within all of 
the different possible sub-groups and categories. 

The evaluation team understands that it was MWD’s desire to use a sampling approach in 
southern California to reduce the required effort in obtaining customer level data from smart 
controller program participants.  The sample size analysis conducted by the evaluation team 
indicates that the desired level of statistical confidence likely will not be achieved if the sample 
size is reduced below the saturation level.  Even with a saturation sample, it is possible that 
results within some agencies that have only installed a few smart controllers may not be 
statistically significant (unless they can be grouped with data from similar programs in other 
agencies).  This can not be known until the data are collected.  Agencies that complete 30 to 50 
smart controller site installations will likely have statistically reliable results (although the results 
may or may not show a water savings).  If different technologies are employed, then results must 
be combined with data from other sites to form a large enough sample of sites employing the 
same technology with (preferably) the same installation method. For these reasons we strongly 
suggest that any agency with a small sample of sites (<50) make their program uniform so that 
all of the sites can be analyzed as a single group. 

Maximizing the sample size from each participating agency in the southern California 
smart controller Program should improve the evaluation team’s ability to perform meaningful 
analyses across the entire region and state.  For example, an analysis on the most (and least) 
effective smart controller technologies for conserving water will not be possible unless sufficient 
numbers of smart controller sites fitted with each make of controller are available for study. 
 There will easily be adequate numbers of residential WeatherTRAK controller sites to evaluate 
since this was the technology utilized by LADWP.  It is not clear how many sites using other 
products will be available.  Since the comparison of technologies is an important part of this 
study and the number of sites is limited, it is critical that as many sites be included as possible. 
Agreed Upon Sampling Plan 

As of November 2007, both the northern and southern programs have agreed to provide data on 
all WBIC installations for which they can obtain the minimum required data.  There will be no 
sampling, but rather a total enumeration approach. 
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APPENDIX E - SURVEY INSTRUMENTS 

Customer Satisfaction Survey Instrument 
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Agency Survey Instrument 
Participating Agency Preliminary Interview Script 
 
 

Agency:    Respondent:   

Telephone:    e-mail   

Interviewed by:    Date:   

 
 

INTRODUCTION: 

Thank you for agreeing to talk with me. I anticipate that this interview will last about 30 to 60 
minutes, and appreciate any information you can provide.   

As you know, we are helping to evaluate the weather-based irrigation controller programs 
being implemented in California.  A very important part of this evaluation is a customer satisfaction 
survey of those who have participated in these WBIC programs.  Thus, the major goal for our 
conversation today is to understand how to make the customer survey process work for your agency 
and its programs.   

In addition, as a part of the evaluation we are not only examining the potential water savings 
that may be realized by this technology, we are also looking at how each utility program has been 
implemented, the costs associated with implementing a program to increase utilization of this 
technology, and what parts of the process are going smoothly and what obstacles may have been 
encountered.  To help with the interim progress report, it would be helpful if you could complete the 
interim worksheet we sent to you. 

It is helpful for accuracy and data analysis to make an audio recording your responses.  Is it 
okay if I record this interview?   

[GET CONSENT] 

[NOTE TO INTERVIEWERS: QUESTIONS MARKED WITH AN ASTERISK ARE THOSE WHERE AT LEAST PART 
OF THE QUESTION CAN BE ANSWERED FROM THE WORKSHEET.] 
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First, I’d like to start by having you describe the WBIC program as it is being implemented by 
your agency. 

When did the program start? 

What WBIC technologies are included? 

Briefly describe how your program works (or will work). 

Do you have a rebate program where a customer buys a WBIC, submits a receipt to 
the utility and receives a cash rebate.   

Or do you have an agency distribution program where the agency buys and distributes 
WBICs and perhaps installs them (or pays someone to install them). 

Who does the installations? 

What types of incentives are offered? 

Do you maintain records of the customers who have participated in your programs? 
 (names, addresses, customer type, etc)  

Is this program being implemented by your agency alone or are you working with other 
agencies?  If yes, please describe the nature of your cooperation (i.e. distribution, 
marketing, installation, etc.? 

Do you require non-homeowner (3rd party) installers to obtain training prior to allowing 
them to participate in the program?  

If so, please describe. 

Tell me about what types of customers you are targeting for this program, and how they are 
recruited.   

What types of customers are targeted (for example, residential, commercial, municipal, 
other)? 

Do you target potential customer on the basis of their water use? (in other words to 
you attempt to find candidate customers who are heavy irrigators?) 

Do you target on the basis of irrigated area, or lot size? 

Are you seeing different kinds of customers participating in the program than 
originally anticipated? If so, why? 

What types of marketing programs do you use to recruit participants? 
 (How do potential participants learn about the program?) 

Direct mail, radio, print advertising, television ? etc 

How has this changed since you first began implementing the program? 
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Have you had problems recruiting customers? 

Any other issues in recruiting customers?   

Now I want to discuss the customer survey questionnaire and process with you.   

In looking at the customer survey you should have received at the end of December, tell 
me how well it will work “as is” for all the customers participating in your program.   

Do we need different surveys/parts for different programs? 

How will you provide contact information for your WBIC program participants?  If 
there are multiple programs, how will you identify which program they participated 
in (i.e., what survey we should send)? 

What name(s) should we use to identify the program in the cover letter? 

Who would be the signatory on the cover letter?  What is that person’s title? 

Do you want to participate in the incentive? (for which programs?) 

In order to customize the survey, I need an electronic copy of your logo and/or 
letterhead.  I also need an electronic copy of the signature.  If you don’t have an 
electronic one, than I need you to fax me the signature, and I will scan it in.  By when 
will you be able to give me these items? 

 
 

That’s all my questions.  Thank you very much for your time.  Your responses are very 
important to this project.  

Sometimes, individuals we interview have additional comments they’d like to make after the 
end of the call.  If in the next few days, you feel there is additional information you’d like to share with 
me, here’s my phone number if you’d like to give me a call, 1-877-467-2462.  Again, my name is 
______.  Thanks for participating in the survey. 
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Agency Progress and Cost Reporting Worksheet 
(Interim, as of January 2006) 
Item Amount 
INSTALLATION PROCESS 
 
How many WBIC units have been installed  
through your program? ______________ units

 
At about how many sites have WBIC units been  
installed through your program? ______________ sites

 
What is the total number of WBIC units expected to be  
installed through your program?  ______________ units

 
What is the total number of WBIC sites expected to be  
installed through your program? ______________ sites

 
What was the total number of WBIC units originally expected  
to be installed through your program?  ______________ units

 
At about how many sites were repairs or other interventions  
performed on the irrigation systems? ______________ sites

 
For about what percent of installations do you receive customer 
maintenance calls and questions? ______________ %
AGENCY INVESTMENT IN THE WBIC PROGRAM 
About how much time (person-hours) has your agency invested 
thus far in marketing the program, including handling for requests 
additional information, recruitment, etc.?  ______________ person-hours

 
About how much time (person-hours) in total has your agency  
invested thus far in the installation process?  ______________ person-hours

 
About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  ______________ person-hours

About how much time (person-hours) has your agency invested in 
customer service after installation (e.g., customer complaints, 
resolving problems, etc.) thus far? ______________ person-hours

 
About how much money has your agency  
invested in the program thus far? $______________ 
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APPENDIX F – CUSTOMER SATISFACTION SURVEY RESPONSES 

This appendix contains the complete set of results from the Customer Satisfaction 
Survey. 

 

Overall, how satisfied are you with the performance of the smart 
controller(s)? 

Percent of 
Respondents 

Number of 
Respondents 

very satisfied 45.9% N=612 
somewhat satisfied 33.4% N=445 
somewhat dissatisfied 9.5% N=127 
very dissatisfied 8.5% N=113 
don't know 2.8% N=37 
Total 100.0% N=1334 

 

Health of landscape before 
and after installation of 
smart controller 

excellent good fair poor too 
soon to 

tell 

N/A Total 

How would you rate the 
health or quality of your 
landscaping before 
installation of the smart 
controller(s)? 

13.2% 58.1% 25.8% 2.9% 0.0% 0.0% 100.0% N=1336 

How would you rate the 
health or quality of your 
landscaping after installation 
of the smart controller(s)? 

23.9% 58.5% 13.4% 4.2% 0.0% 0.0% 100.0% N=1318 

 

By when, if at all, do you expect to recover the costs of purchasing 
and installing the smart controller? 

Percent of 
Respondents 

Number of 
Respondents 

more than 5 years 6.2% N=79 
about 4 years 2.9% N=37 
about 3 years 4.4% N=57 
about 2 years 4.9% N=63 
about 1 year 5.7% N=73 
no costs -- smart controller and installation were free 75.9% N=972 
Total 100.0% N=1281 
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The cover letter indicates the make, model and number of the 
smart controller(s) installed on the property. Is this information 
correct? 

Percent of 
Respondents 

Number of 
Respondents 

Yes 84.7% N=1070 
not sure 10.8% N=136 
No 4.5% N=57 
Total 100.0% N=1263 

 

Does your smart controller have an external sensor? Percent of 
Respondents 

Number of 
Respondents 

don't know 8.2% N=83 
No 9.9% N=100 
yes 81.8% N=824 
Total 100.0% N=1007 

 

What type of sensor(s) is it? Percent of 
Respondents 

Number of 
Respondents 

Rain sensor 78.0% N=622 
Temperature sensor 22.3% N=178 
Solar sensor 13.0% N=104 
Soil moisture sensor 3.1% N=25 
Don't know 8.4% N=67 
Other 2.6% N=21 
Total* 100.0% N=797 
*Actual totals will equal more than 100% as respondents could give more than one answer 
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Why did you (or the organization for which you work) decide to 
install a smart controller? 

Percent of 
Respondents 

Number of 
Respondents 

It was free 65.1% N=871 
Saves time and effort 30.6% N=409 
Saves money 46.0% N=615 
Water efficiency for myself or my organization 57.3% N=766 
Environmental benefits 48.1% N=643 
Improved landscape health/benefit 31.2% N=417 
Liked the new technology 36.2% N=484 
Needed a new controller 12.4% N=166 
There was a controller exchange program 45.4% N=607 
Incentive program offered by the utility 26.1% N=349 
To avoid watering during rainstorms 45.1% N=603 
Automatic scheduling to avoid having to change the program when 
weather changes 

51.5% N=689 

Other 3.4% N=45 
Because of the controller exchange program 3.1% N=41 
Total* 100.0% N=1337 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

Which, if any, of the following do you perceive as a benefit of 
having a smart controller? 

Percent of 
Respondents 

Number of 
Respondents 

Saves time and effort 52.7% N=661 
Makes programming the settings easier 33.5% N=420 
Saves money 49.0% N=614 
Water-efficient 80.7% N=1012 
Cost-efficient 37.4% N=469 
Improves the health of the landscape 34.9% N=438 
Other 7.1% N=89 
Total* 100.0% N=1254 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

What influenced you to select your particular irrigation 
controller model? 

Percent of 
Respondents 

Number of 
Respondents 

Price 20.1% N=267 
Helped me set correct schedule 7.7% N=102 
Recommendation 16.3% N=216 
Advertising 5.6% N=75 
Only one offered on rebate, voucher, or exchange program 54.7% N=727 
Features 15.7% N=209 
No fee for signal 6.7% N=89 
Other 10.4% N=138 
Total* 100.0% N=1328 
*Actual totals will equal more than 100% as respondents could give more than one answer 
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How did you hear about the smart controller program? Percent of 
Respondents 

Number of 
Respondents 

Utility bill insert 38.4% N=501 
Solicitation letter 12.7% N=166 
Newspaper article 18.5% N=241 
Newspaper advertisement 6.4% N=83 
A public service announcement on the radio or television 1.7% N=22 
Friend, neighbor or coworker 16.0% N=209 
Irrigation contractor/professional 4.7% N=62 
Lawn maintenance service .5% N=7 
Other 1.4% N=18 
Landscape education class (e.g. "Protector del Agua") 14.5% N=189 
Total* 100.0% N=1306 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

Did you choose a model for which you have to pay a signaling 
fee? 

Percent of 
Respondents 

Number of 
Respondents 

no 87.1% N=686 
yes 12.9% N=102 
Total 100.0% N=788 

 

Did a signaling fee influence your choice of controller? Percent of 
Respondents 

Number of 
Respondents 

Signal fee did not impact my decision 48.4% N=179 
I chose a controller with signal fee because the potential benefits 
outweigh the extra cost 

11.9% N=44 

I chose one without a signal fee because the fee makes the controller 
too expensive over the long term 

25.4% N=94 

The water agency is paying for the signaling fee 10.5% N=39 
Other reason(s) 8.9% N=33 
Total* 100.0% N=370 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

Will you continue to pay for it after the program ends? Percent of 
Respondents 

Number of 
Respondents 

yes 19.6% N=9 
no 47.8% N=22 
not sure 32.6% N=15 
Total 100.0% N=46 
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Who installed and set-up your new smart controller? Percent of 
Respondents 

Number of 
Respondents 

Self 61.7% N=780 
Other family member 6.0% N=76 
Manager or owner’s staff 1.7% N=22 
Manager or owner’s hired contractor/electrician/handyman 8.2% N=104 
A manufacturer representative 2.1% N=26 
A professional installer from the water utility 11.4% N=144 
Other 8.1% N=102 
A landscape contractor .9% N=11 
Total 100.0% N=1265 
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To what extent do you 
agree or disagree with 
each of the following 
statements about the 
installation process? 

strongly 
agree 

somewhat 
agree 

somewhat 
disagree 

strongly 
disagree 

don't 
know 

N/A Total 

The installation 
instructions were clear 

35.1% 42.8% 7.4% 5.0% 3.3% 6.4% 100.0% N=1121 

It was difficult to install the 
smart controller 

6.4% 15.3% 23.8% 38.3% 4.2% 12.0% 100.0% N=1080 

I was able to successfully 
install the smart controller 

59.3% 18.4% 3.2% 3.2% 1.5% 14.3% 100.0% N=1060 

It was easy to understand 
the smart controller 
programming instructions 

27.9% 38.9% 18.2% 11.9% 1.3% 1.9% 100.0% N=1111 

Setting the irrigation 
schedule was easy 

14.0% 27.9% 26.4% 26.3% 2.0% 3.4% 100.0% N=707 

Setting the irrigation 
schedule was difficult 

9.7% 23.2% 24.2% 31.4% 3.6% 7.9% 100.0% N=392 

It was easy to schedule the 
appointment to install the 
smart controller 

29.2% 30.8% 6.7% 8.3% .8% 24.2% 100.0% N=120 

The installer showed up on 
time 

49.4% 25.0% .6% 6.7% .6% 17.7% 100.0% N=164 

The installer provided a 
good explanation of the 
smart controller 

36.0% 26.8% 11.0% 6.7% 1.2% 18.3% 100.0% N=164 

The installer could not 
answer my questions about 
the smart controller 

7.1% 14.9% 13.6% 37.0% 4.5% 22.7% 100.0% N=154 

The installer did a 
professional job 

49.6% 15.6% 3.1% 3.3% 2.4% 26.1% 100.0% N=456 

The irrigation schedule set-
up seemed appropriate for 
the landscape being 
watered 

39.5% 31.5% 11.7% 8.0% 1.2% 8.0% 100.0% N=162 

The smart controller was 
installed where I wanted it 
to be 

72.0% 18.9% 2.5% 1.2% 1.0% 4.5% 100.0% N=1234 

The smart controller 
worked immediately after it 
was installed and set-up 

53.2% 25.7% 8.5% 8.4% 1.8% 2.2% 100.0% N=983 

There have been problems 
with the smart controller 
since installation 

16.1% 20.1% 9.8% 44.5% 2.6% 7.0% 100.0% N=1208 

The problems with the 
smart controller have been 
resolved (if applicable) 

18.9% 17.5% 6.8% 12.3% 3.2% 41.3% 100.0% N=1053 

Overall, I was pleased with 
the installation and set-up 
process 

48.4% 33.5% 7.9% 7.1% .7% 2.4% 100.0% N=1247 
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Have you changed the programmed watering schedule since 
installation? 

Percent of 
Respondents 

Number of 
Respondents 

no 31.5% N=51 
yes 68.5% N=111 
Total 100.0% N=162 

 

Why did you change it? Percent of 
Respondents 

Number of 
Respondents 

It underwatered 51.9% N=56 
I didn’t trust its performance 13.9% N=15 
It overwatered 30.6% N=33 
Other 20.4% N=22 
Total* 100.0% N=108 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

How easy or difficult was it to change the programming? Percent of 
Respondents 

Number of 
Respondents 

very easy 23.0% N=26 
somewhat easy 28.3% N=32 
neither easy nor difficult 14.2% N=16 
somewhat difficult 19.5% N=22 
very difficult 15.0% N=17 
Total 100.0% N=113 

 

Did you need to ask for assistance with the installation process or 
set-up of the irrigation schedule? 

Percent of 
Respondents 

Number of 
Respondents 

no 61.4% N=732 
yes 38.6% N=461 
Total 100.0% N=1193 

 

Did someone come out to the site to assist you? Percent of 
Respondents 

Number of 
Respondents 

no 40.0% N=170 
yes 60.0% N=255 
Total 100.0% N=425 

 

Who came? Percent of 
Respondents 

Number of 
Respondents 

A manufacturer representative 21.9% N=59 
A professional installer from the water utility 41.3% N=111 
Other 36.8% N=99 
Total 100.0% N=269 
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How satisfied were you with the installation or set-up assistance 
you received? 

Percent of 
Respondents 

Number of 
Respondents 

very satisfied 59.0% N=281 
somewhat satisfied 21.2% N=101 
somewhat dissatisfied 8.6% N=41 
very dissatisfied 7.4% N=35 
don't know 3.8% N=18 
Total 100.0% N=476 

 

How long did 
the installation 
and set-up of 
the smart 
controller 
take? 

Average Minimum 25th 
Percentile 

Median  
(50th 
Percentile) 

75th 
Percentile 

Maximum Number of 
Respondents 

How long did 
the installation 
and set-up of 
the smart 
controller take? 

2:44 0:00 1:00 2:00 3:00 45:00 N=1032 

 

How would you rate the amount of time the installation of the 
smart controller took? 

Percent of 
Respondents 

Number of 
Respondents 

about right 71.2% N=824 
somewhat too long 14.5% N=168 
far too long 5.4% N=62 
don't know 8.9% N=103 
Total 100.0% N=1157 

 

Did you follow the manufacturer's instructions for setting the 
watering schedule for the smart controller? 

Percent of 
Respondents 

Number of 
Respondents 

yes 84.8% N=958 
no 15.2% N=172 
Total 100.0% N=1130 

 

How did you program the smart controller schedule? (if did not 
follow manufacturer's instructions 

Percent of 
Respondents 

Number of 
Respondents 

Changed the schedule 48.7% N=76 
Changed the site information 10.9% N=17 
Changed the weather input 5.1% N=8 
Changed the landscape information 23.7% N=37 
Other 25.6% N=40 
Total 100.0% N=156 
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Have you called the smart controller manufacturer for technical 
support on installation or setting the irrigation schedule? 

Percent of 
Respondents 

Number of 
Respondents 

yes 29.0% N=343 
no 71.0% N=840 
Total 100.0% N=1183 

 

How would you rate the support you received? Percent of 
Respondents 

Number of 
Respondents 

excellent 51.9% N=167 
good 26.4% N=85 
fair 11.2% N=36 
poor 10.6% N=34 
Total 100.0% N=322 

 

How confident are you that the irrigation schedule set for your 
smart controller is correct? 

Percent of 
Respondents 

Number of 
Respondents 

very confident 39.2% N=447 
somewhat confident 40.0% N=456 
not very confident 16.1% N=183 
don't know 4.7% N=53 
Total 100.0% N=1139 

 

Is the property where the smart controller was installed a . . . Percent of 
Respondents 

Number of 
Respondents 

single-family private residence 95.6% N=1222 
multi-family housing complex 1.6% N=20 
park, playground or median 1.3% N=17 
commercial, industrial or institutional property 1.5% N=19 
Total 100.0% N=1278 

 

Are any of the following a part of the outdoor landscape? yes no Total 
Outdoor swimming pool 29.1% 70.9% 100.0% N=1136 
Outdoor spa/hottub 29.2% 70.8% 100.0% N=1107 
Recirculating water feature (e.g., fountain) 26.1% 73.9% 100.0% N=1093 
Non-recirculating water feature 5.7% 94.3% 100.0% N=966 
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Which best describes the landscape watered by the irrigation 
system for which the smart controller was installed? 

Percent of 
Respondents 

Number of 
Respondents 

100% grass/turf 14.3% N=182 
75% grass/turf 50.9% N=650 
25% grass/turf 27.1% N=346 
0% grass/turf 7.8% N=99 
Total 100.0% N=1277 

 

Please describe the sections of the landscape watered by the 
irrigation system for which the smart controller was installed 
that are not grass or turf by selecting all that apply: 

Percent of 
Respondents 

Number of 
Respondents 

Trees 71.5% N=796 
Shrubs 84.8% N=945 
Flower gardens/beds 78.1% N=870 
Vegetable gardens/beds 22.4% N=250 
Low-water use plants 33.3% N=371 
Ground cover (non-grass) 41.3% N=460 
Other 2.9% N=32 
Total* 100.0% N=1114 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

What percentage of the watered landscape is usually watered 
manually and what percent by the automatic irrigation system? 
(Do not include portions not watered at all.) 

Average Percent 

Percent watered manually 10% 
Percent watered by irrigation system 90% 
Total N=1351 

 

Are any areas hand-watered that are covered by the irrigation 
system for which the smart controller was installed? 

Percent of 
Respondents 

Number of 
Respondents 

no 81.5% N=981 
yes 18.5% N=223 
Total 100.0% N=1204 

 

How is your landscaping maintained? (Please indicate all that 
apply.) 

Percent of 
Respondents 

Number of 
Respondents 

Self 58.6% N=689 
Mowing service 32.8% N=385 
Full landscape service 23.7% N=278 
Other 5.1% N=60 
Total* 100.0% N=1175 
*Actual totals will equal more than 100% as respondents could give more than one answer 
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What changes, if any, were made to your irrigation system at the 
time the smart controller was installed? (Please indicate all that 
apply.) 

Percent of 
Respondents 

Number of 
Respondents 

None indicated 40.2% N=543 
Repaired broken sprinkler heads/nozzles 24.8% N=335 
Repaired broken drip emitters 7.9% N=107 
Capped unnecessary sprinkler head(s) 10.9% N=147 
Capped unnecessary drip emitter(s) 3.3% N=44 
Changed out sprinkler heads/nozzles 18.1% N=244 
Changed out drip emitters 4.1% N=55 
Adjusted the spray heads 31.3% N=423 
Repaired system leaks 11.9% N=161 
Adjusted system to eliminate overspray 24.6% N=333 
Changed all sprinklers within a zone to the same sprinkler type 4.6% N=62 
Added a sprinkler and/or drip emitter to irrigate a dry spot 7.2% N=97 
Repaired broken valve(s) 8.8% N=119 
Added new zone(s) 7.6% N=103 
Removed a zone(s) 2.6% N=35 
Other 7.2% N=97 
Total* 100.0% N=1351 
*Actual totals will equal more than 100% as respondents could give more than one answer 

 

What changes, if any, have been made to your irrigation system 
in the last year after the installation of the smart controller(s)? 
(Please indicate all that apply. Do not include changes made at 
the time of installation.) 

Percent of 
Respondents 

Number of 
Respondents 

None indicated 30.3% N=409 
Repaired broken sprinkler heads/nozzles 42.3% N=571 
Capped unnecessary sprinkler head(s) 10.1% N=137 
Changed out sprinkler heads/nozzles 24.0% N=324 
Adjusted the spray heads 43.4% N=586 
Repaired system leaks 19.6% N=265 
Repaired broken valve(s) 13.1% N=177 
Added new zone(s) 6.1% N=82 
Removed a zone(s) 1.9% N=26 
Other 6.1% N=83 
Total* 100.0% N=1351 
*Actual totals will equal more than 100% as respondents could give more than one answer 
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To what extent do 
you agree or 
disagree with each 
of the following 
statements your 
experience with the 
smart controller(s)? 

strongly 
agree 

somewhat 
agree 

somewhat 
disagree 

strongly 
disagree 

don't 
know 

N/A Total 

The smart 
controller(s) have 
performed without 
any glitches 

36.9% 34.6% 12.5% 12.6% 2.1% 1.3% 100.0% N=1305 

The glitches with the 
smart controller(s) 
have been resolved (if 
applicable) 

20.7% 23.2% 8.8% 11.8% 4.2% 31.3% 100.0% N=1091 

Using the smart 
controller(s) has 
helped us to save 
water 

31.0% 32.9% 8.6% 9.6% 16.2% 1.7% 100.0% N=1285 

The smart controller 
is a labor saving 
device 

40.3% 35.3% 7.4% 8.5% 5.5% 3.1% 100.0% N=1262 

 

Have you called the smart controller manufacturer for technical 
support in the past year? 

Percent of 
Respondents 

Number of 
Respondents 

no 78.2% N=1031 
yes 21.8% N=287 
Total 100.0% N=1318 

 

How would you rate the support you received? [from the 
manufacturer] 

Percent of 
Respondents 

Number of 
Respondents 

excellent 48.2% N=136 
good 28.7% N=81 
fair 12.8% N=36 
poor 10.3% N=29 
Total 100.0% N=282 
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Have you called the [water utility] for technical support in the 
past year? 

Percent of 
Respondents 

Number of 
Respondents 

no 87.8% N=1154 
yes 12.2% N=161 
Total 100.0% N=1315 

 

How would you rate the support you received? [from the water 
utility] 

Percent of 
Respondents 

Number of 
Respondents 

excellent 54.8% N=86 
good 17.2% N=27 
fair 17.8% N=28 
poor 10.2% N=16 
Total 100.0% N=157 

 

What type of incentive did you receive from your local water 
utility for the smart controller? (Please indicate all that apply.) 

Percent of 
Respondents 

Number of 
Respondents 

A rebate for the entire purchase and installation costs of the smart 
controller 

4.9% N=42 

A rebate for the entire purchase costs of the smart controller 6.4% N=55 
A voucher for the entire purchase and installation costs of the smart 
controller 

.5% N=4 

A voucher for the entire purchase costs of the smart controller 3.3% N=28 
Free installation of the smart controller 13.6% N=116 
A rebate for a portion of the purchase costs of the smart controller 1.9% N=16 
A voucher for a portion of the purchase costs of the smart controller 10.4% N=89 
A free smart controller provided by the water agency 1.6% N=14 
Rebates for the signal fee cost 6.8% N=58 
Some other incentive 53.3% N=456 
Don't know .9% N=8 
Total* 9.3% N=80 
*Actual totals will equal more than 100% as respondents could give more than one answer 
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How satisfied or 
dissatisfied were 
you with the 
following aspects 
of the smart 
controller 
program offered 
by your local 
water utility? 

very 
satisfied 

somewhat 
satisfied 

somewhat 
dissatisfied 

very 
dissatisfied 

don't 
know 

N/A Total 

The amount of the 
voucher, rebate or 
other financial 
incentive 

62.8% 14.1% 2.2% 1.0% 1.9% 18.1% 100.0% N=1243 

The helpfulness of 
the local water 
utility staff when I 
first contacted 
them about the 
program 

65.3% 15.3% 3.4% .9% 1.9% 13.3% 100.0% N=1252 

The helpfulness of 
the staff 
throughout the 
entire process 

62.6% 19.4% 3.0% 1.0% 1.9% 12.2% 100.0% N=1240 

The “turn-around” 
time from my first 
contact to 
installation of the 
smart controller 

50.9% 21.6% 3.9% 1.8% 1.9% 19.9% 100.0% N=1209 

The amount of 
information 
provided about the 
smart controller 
program 

52.0% 32.0% 6.4% 2.6% 2.1% 4.9% 100.0% N=1258 

The ease of 
completing the 
smart controller 
program 
paperwork 

56.9% 27.3% 4.2% 1.3% 3.1% 7.2% 100.0% N=1252 

The amount of 
information 
available about 
choosing a 
controller 

39.8% 39.0% 11.4% 7.3% .8% 1.6% 100.0% N=123 
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How likely or unlikely would  
you . . . 

very 
likely 

somewhat 
likely 

somewhat 
unlikely 

very 
unlikely 

don't 
know 

Total 

have been to purchase the 
controller without the rebate, 
voucher or other incentive 
program offered by your water 
utility? 

6.9% 23.0% 26.8% 38.8% 4.5% 100.0% N=1316 

be to recommend the smart 
controller program to a 
neighbor, friend or co-worker? 

53.9% 28.3% 6.2% 10.0% 1.7% 100.0% N=1320 

be to recommend a smart 
controller to a neighbor, friend 
or co-worker? 

49.7% 30.1% 7.6% 10.9% 1.7% 100.0% N=1293 

 

How would you rate 
each of the following 
characteristics of 
your new smart 
controller compared 
to your old 
controller? 

much 
better 

somewhat 
better 

about 
the 

same 

somewhat 
worse 

much 
worse 

not 
applicable 

Total 

Reliability 29.1% 21.7% 36.8% 4.3% 5.2% 3.0% 100.0% N=1287 
Performance of the 
controller (how well it 
waters the landscape) 

35.9% 25.7% 26.8% 4.5% 4.4% 2.7% 100.0% N=1286 

Water-efficiency of 
the controller (uses 
less water) 

40.8% 29.0% 17.1% 4.4% 4.6% 4.0% 100.0% N=1260 

Understanding of how 
to use it 

19.7% 23.7% 26.3% 17.3% 10.5% 2.5% 100.0% N=1290 

Ease of use overall 25.9% 26.5% 22.8% 13.9% 8.3% 2.6% 100.0% N=1284 
Ease of programming 
the watering schedule 

23.7% 23.8% 21.7% 16.7% 11.4% 2.7% 100.0% N=1288 
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APPENDIX G – AGENCY SURVEY RESPONSES: 2006 INTERIM SMART 
CONTROLLER PROGRAM DESCRIPTIONS 

Smart controller program descriptions were developed for the Interim Progress Report submitted 
to DWR at the mid-point of this project.  The following summaries are from that report.  Many 
of the programs changed during the later part of the implementation process and the numbers of 
controllers distributed increased.  Those changes are not reflected in this appendix.  Summaries 
of the programs implemented in northern and southern California along with the number of smart 
controllers distributed are provided in the body of the report. 
 

Summary of Southern California Agency Smart Controller Programs (2006) 

Agency: Central Basin Municipal Water District 
Type of customers targeted: Large landscapes; large water users whose water use is above 

the water allocation. Primarily cities, water agencies and HOAs. 

WBIC technologies included: HydroEarth. 

Program start date: October 2004 

Type of incentive or rebate: The end user receives equipment, programming and installation, 
and pays $1 per valve for management services. 

Who else is involved in addition to agency:  HydroEarth.   

Marketing and recruitment strategies: A direct, targeted approach, whereby the manufacturer 
directly contacts potential customers.   

Program description: The end user receives a server, the controllers and the communication 
system.  They also receive installation of the controllers by the manufacturer. The customer is 
charged $1 per valve. 

Program or marketing & recruitment challenges: CBMWD has had difficulty dedicating 
sufficient internal resources to the program.  CBMWD expects to hire a vendor in the future to 
market the program more intensively and work with additional qualified vendors. 
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Central Basin Municipal Water District: Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed  
through your program? 

17 units  

At about how many sites have WBIC units been  
installed through your program? 

6 sites  

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

6 commercial 
sites 

0 residential 
sites 

 

What is the total number of WBIC units expected to be  
installed through your program?  

 30 units  

What is the total number of WBIC sites expected to be  
installed through your program? 

10  sites  

What was the total number of WBIC units originally expected to be 
installed through your program?  

60  units Funding reduced due to 
reallocation by MWD 

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

 sites  

For about what percent of installations do you receive customer maintenance 
calls and questions? 

 %  

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested thus far in 
marketing the program, including handling for requests additional 
information, recruitment, etc.?  

 10 person-
hours 

 

About how much time (person-hours) in total has your agency invested thus 
far in the installation process?  

 person-hours  

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

person-hours  

About how much time (person-hours) has your agency invested in customer 
service after installation (e.g., customer complaints, resolving problems, 
etc.) thus far? 

 person-hours Customer service 
handled by HydroEarth 

About how much money has your agency  
invested in the program thus far? 

$ 2,000 Staff time only for 
meetings and site visits 

Through what date is this information current? May 2006 
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Agency: Eastern Municipal Water District 

ET Controller Program (Commercial Direct Install) 

Type of customers targeted: Commercial customers with an irrigation meter who have gone 
over their water budget. 

Controller technologies included:  AquaConserve, HydroEarth, and Toro. 

Program start date: October 2004 

Type of incentive or rebate: Free controller and installation. 

Who else is involved in addition to agency: San Jacinto Conservation District 

Marketing and recruitment strategies: Eastern staff member makes initial phone call, and then 
San Jacinto Conservation District staff follow up. 

Program description: Eastern staff member initiates the communication with the targeted 
customer, often talking to several people until finding someone who knows about the landscape 
maintenance for the property.  The Eastern staff member determines whether the customer does 
in-house maintenance, or contracts the maintenance.  He explains the program lets them know 
that another contractor will be contacting them to schedule an appointment.  However, if the 
landscape maintenance company is contracted, a customer representative and the landscape 
contractor need to be present for the appointment.  San Jacinto Conservation District (SJCD) 
staff then schedule the appointment.  At that time, an audit is performed and the square footage 
of landscape is measured.  A report of needed repairs is created and given to the customer.  Once 
the repairs are made, SJCD staff returns to make sure they have been completed.  If necessary, 
this process goes on for a bit.  Once the repairs are approved, the controller is ordered.  The 
Eastern staff member hand delivers the controller to SJCD, who installs the controller for the 
customer.  Eastern staff members inspect the controller after installation to ensure it has been 
installed correctly. 

Program or marketing & recruitment challenges: No initial marketing or recruitment 
challenges.  However, the process often bogs down once the report of needed repairs is sent to 
the customer.  It is their responsibility to take care of those repairs.  They may be having 
scheduling problems with their maintenance companies. 
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Eastern Municipal Water District: Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed  
through your program? 

64  units 78 pending 
verification 

At about how many sites have WBIC units been  
installed through your program? 

52 sites  

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

 52 
commercial 
sites 

0 residential 
sites 

 

What is the total number of WBIC units expected to be 
installed through your program?  

172  units  

What is the total number of WBIC sites expected to be  
installed through your program? 

50  sites  

What was the total number of WBIC units originally expected to be installed 
through your program?  

40  units  

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

27 sites  

For about what percent of installations do you receive customer maintenance 
calls and questions? 

4.5 %  

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested thus far in 
marketing the program, including handling for requests additional information, 
recruitment, etc.?  

294  person-
hours 

 

About how much time (person-hours) in total has your agency invested thus far 
in the installation process?  

0  person-hours outsourced 

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

256 person-
hours 

 

About how much time (person-hours) has your agency invested in customer 
service after installation (e.g., customer complaints, resolving problems, etc.) 
thus far? 

40  person-
hours 

 

About how much money has your agency  
invested in the program thus far? 

$20,000  

Through what date is this information current? 5/26/2006 
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Agency: Foothill Municipal Water District 

Program #1: Rebate program 

Type of customers targeted: Residential and commercial. 

Controller technologies included: All that meet the Irrigation Association definition. 

Program start date: June 2005 

Type of incentive or rebate: Pass through of amount from MWD and DWR. 

Who else is involved in addition to agency: All water agencies in Foothill’s service area. 

Marketing and recruitment strategies: The water agencies are employing various strategies; 
one advertises on the web site, one puts it in the agency’s newsletter, others rely on “word of 
mouth.” 

Program description: Customer of a member agency buys a qualified smart controller, 
submits application to the member agency, then receives a rebate.  The member agency submits 
the information to Foothill, who in turn submits it to MWD. 

Program or marketing & recruitment challenges: None reported 

Program #2: Controller exchange program 

Type of customers targeted: Residential 

Controller technologies included: Weathermatic Smartline SL1600 

Program start date: April 2006 

Type of incentive or rebate: Free controller and training. 

Who else is involved in addition to agency: Armstrong Nurseries, MWD’s consultant and all 
local water agencies. 

Marketing and recruitment strategies: The member agencies are employing various strategies; 
one advertises on the web site, one puts it in the agency’s newsletter, others rely on “word of 
mouth.”  Press release was issued by MWD and picked up by some local newspapers. 

Program description: Customer proves they are in Foothill’s service area  A toll-free 
number is set up for customers to register before the day of the distribution event  The customer 
then goes at the time of the event, where they sign a release, turn in their old controller, have a 
short training on installation and programming, and get a new smart controller. 

Program or marketing & recruitment challenges: None reported 
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Foothill Municipal Water District: Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed  
through your program? 

181  units 16 rebate; 

165 distribution 
(exchange) with MWD 

At about how many sites have WBIC units been  
installed through your program? 

181 sites  

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

 0 commercial sites 

181  residential sites 

 

What is the total number of WBIC units expected to be  
installed through your program?  

200  units with the exchange 
program 

What is the total number of WBIC sites expected to be  
installed through your program? 

200  sites  

What was the total number of WBIC units originally expected to be 
installed through your program?  

200  units  

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

0  sites all rebate or exchange 
program -- self-install 

For about what percent of installations do you receive customer 
maintenance calls and questions? 

 % Member agencies get the 
calls 

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested thus 
far in marketing the program, including handling for requests 
additional information, recruitment, etc.?  

5  person-hours it's all handled by the 
member agencies 

About how much time (person-hours) in total has your agency invested 
thus far in the installation process?  

0  person-hours  

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

0 person-hours  

About how much time (person-hours) has your agency invested in 
customer service after installation (e.g., customer complaints, resolving 
problems, etc.) thus far? 

0  person-hours calls would go to the 
 member agencies 

About how much money has your agency  
invested in the program thus far? 

$0  it's all coming from 
MWD  

Through what date is this information current? 4/4/2006 
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Agency: Los Angeles Department of Water and Power 

Program #1: Direct Install Program 

Type of customers targeted: Primarily residential customers with large lot size and high 
water use. 

Controller technologies included: HydroPoint WeatherTRAK 

Program start date: February 2004 

Type of incentive or rebate: Free controllers and free installation 

Who else is involved in addition to agency: An installation contractor. 

Marketing and recruitment strategies:  Larger lot size customers with good water use 
seasonality were identified.  Targeted customers were sent a letter. There was also some word of 
mouth. 

Program description: An appointment with targeted customers was set and pre-surveys 
completed to ensure the sites were suitable. At sites meeting the criteria, a controller was 
installed and programmed.  The irrigation system was assessed and recommendations for 
changes were provided, although no actual changes were performed by the contracted installers. 

Program or marketing & recruitment challenges: No big challenges, although it was conducted 
as a pilot.  The program proved too costly to continue on an on-going basis.  The mail-out of the 
letters was staged so as not to overwhelm the program. 

Program #2: Controller Exchange Program 

Type of customers targeted: Residential. 

Controller technologies included: Accurate WeatherSet (a smart controller that uses an on-site 
weather sensor that includes solar radiation with a rain shutoff – no weather signal required). 

Program start date: November 2005 

Type of incentive or rebate: Exchange of old controller for new smart controller with short 
training on installation and programming.  New controllers were provided to participating 
customers free of charge. 

Who else is involved in addition to agency: Armstrong Nurseries, MWD staff, LADWP staff, 
consultant for training.  Local community based organizations (CBOs).  MWD did the heavy 
lifting for this event including administrative tasks, controller procurement, event planning and 
coordination.  The CBOs provided limited customer outreach. 

Marketing and recruitment strategies: Program flyer handed out at the local garden center two 
weeks prior to the event.  The local CBOs handed out flyers.  There was limited sign up.  MWD 
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and LADWP issued a press release and an article was written in the local daily newspaper.  The 
article generated the most interest in the exchange program. 

Program description: Program distribution was done at an Armstrong Nursery.  Residential 
customers brought in their old controllers and exchanged them for a new one.  Participants were 
scheduled appointments and attended a training session about how to install and program the 
controller and sensors before being given the smart controller.   

Program or marketing & recruitment challenges: LADWP had a difficult time with recruitment 
until the newspaper article appeared. Then the voice mail system was overloaded with potential 
participants. 
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Los Angeles Department of Water & Power: Agency Progress and Cost Reporting 

Item Amount Notes 
Installation Process 
How many WBIC units have been installed  
through your program? 

620  units Includes the 120 distributed with 
MWD 

At about how many sites have WBIC units been  
installed through your program? 

620 sites  

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

0 commercial 
sites 

620  residential 
sites 

There may have been a few 
commercial, but targeted at SF 
residential 

What is the total number of WBIC units expected to be  
installed through your program?  

700  units  

What is the total number of WBIC sites expected to be  
installed through your program? 

700  sites  

What was the total number of WBIC units originally expected 
to be installed through your program?  

6000  units  

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

0  sites  

For about what percent of installations do you receive customer 
maintenance calls and questions? 

10  % it is a combination of the agency, 
contractor and manufacturer that 
receives the calls 

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested 
thus far in marketing the program, including handling for 
requests additional information, recruitment, etc.?  

20  person-
hours 

contractor -- doesn't have an 
estimate 

agency -- about 15 hours 

About how much time (person-hours) in total has your agency 
invested thus far in the installation process?  

0  person-hours  

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

2000 person-
hours 

contractor, about 2 hours per install 
-- 2,000 

About how much time (person-hours) has your agency invested 
in customer service after installation (e.g., customer complaints, 
resolving problems, etc.) thus far? 

150  person-
hours 

all agency 

About how much money has your agency  
invested in the program thus far? 

$360,000   

Through what date is this information current? 5/31/2006 
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Agency: Long Beach Water Department  

Program #1:Residential? Rebate /agency installation program 

Type of customers targeted: The program started out being available to all customers, but it 
is now targeted to those accounts that use the most water, and where LBWD has been allowed to 
go out and do a water audit on the property.  The water audits are marketed to the residential 
customers that use the most water – that is, the single highest residential customer is offered a 
free audit, then the next highest, then the next, etc.  The controller is marketed directly (letters 
and cold calls) to those high water users who participated in the audit. 

Controller technologies included: AquaConserve  

Program start date: December 2004 

Type of incentive or rebate: Rebate and then moved to free smart controller and free 
installation.  The rebate was set to cover the cost of the controller, but not to exceed $225. 

Who else is involved in addition to agency: No one 

Marketing and recruitment strategies: Recruitment through the residential audit program; 
cold calls to high water users; word of mouth. 

Program description: Started as only a rebate program, where customer would receive a 
rebate when purchasing a new smart controller.  Then moved into a more intensive program 
where staff person was more involved with the customers and provides the installation.  They 
cold call selected accounts or they receive calls from interested customers.  The program is also 
tied into the residential water audit program; for those customers participating in the water audit 
program, an offer is made of the smart controller where appropriate.   

For all eligible customers, the staff member makes arrangements to visit the property and 
determine what equipment is needed. The existing controller is examined to determine how 
many stations there are, whether the controller needs to be installed inside or outside, whether 
the situation requires a wireless sensor and rain gage, or if it can use a wired one.  The equipment 
is ordered on-site.  Two to three days later, the staff member goes back to the property to install 
and program the smart controller.  For those customers that received a water audit, the irrigated 
landscape area was measured.  

Program or marketing & recruitment challenges: The rebate program was the first program and 
it wasn’t advertised very heavily (two reasons: it’s hard for the non-expert to know which 
controller to choose and where to buy it; and who to hire and how much to pay for the 
installation).  Consequently it generated almost no interest.  Program really took off once LBWD 
had a staff person responsible for the installations and the LBWD selected a single vendor for its 
installations.  The contacts are carefully targeted so as not to overwhelm the agency. 

Program #2: Large landscape program 
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Type of customers targeted: Large landscapes/irrigation accounts, e.g., parks, medians, 
school districts, HOAs 

Controller technologies included: AquaConserve, ET Water 

Program start date: July 2005 

Type of incentive or rebate: Free smart controller and free installation 

Who else is involved in addition to agency: No one 

Marketing and recruitment strategies: With most landscape irrigation accounts, agency 
contacts eligible accounts via mail and follow-up phone calls.  With the school districts, agency 
worked closely school district staff throughout process to help insure its success; educating staff 
about WBICs, reviewing options, etc., chosen vendor was ET Water, which has an arrangement 
with “WeatherBug,”.  ET Water uses the signal from the WeatherBug so the kids’ weather 
station controls the irrigation. 

Program description: Selected accounts are contacted by the agency. The staff member 
makes arrangements to visit the property and determine what equipment is needed. The existing 
controller is examined to determine how many stations there are, whether the controller needs to 
be installed inside or outside, whether the situation requires a wire wireless weather and rain 
gage, or can use a wired one.  The equipment is ordered on-site.  Two to three days later, the 
staff member goes back to the property to install and program the smart controller.  Irrigated 
areas were not measured as part of this program. 

Program or marketing & recruitment challenges: None currently, carefully targeted so as not to 
overwhelm the agency 

Program #3: Exchange program 

Type of customers targeted: Residential customers participating in landscaping classes 

Controller technologies included: AquaConserve with no signaling subscription, 

Program start date: February 2006 

Type of incentive or rebate: Exchange of old controller for new smart controller 

Who else is involved in addition to agency: No one 

Marketing and recruitment strategies: Exchange of the controllers is an added incentive to 
attend the landscaping classes.  Marketing primarily in local newspaper and bill stuffer. 

Program description: Customer attends 7 hours of irrigation and landscape design and 
maintenance classes. They bring in their old controller, and they are given a new smart 
controller, which they receive help programming during the last portion of the irrigation class. 
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Program or marketing & recruitment challenges: Limited number of controllers available 
required very careful approach to how “loud” advertise was.  The exchange is a big incentive, 
class size went from about 35-40 to over 100.  About 10% of the customers were clearly not 
capable of installing the new controller, so the agency had to do the install for them. 
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Long Beach Water Department: Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed through your 
program? 

170  units, but contracted to 
install 49 more with school 
district. 

about 

At about how many sites have WBIC units been installed 
through your program? 

140 sites plus 26 more school 
sites 

about 

At about how many commercial sites have WBIC units 
been installed through your program? 

At about how many residential sites have WBIC units 
been installed through your program? 

 2  commercial sites 

 

138  residential sites 

 

What is the total number of WBIC units expected to be 
installed through your program?  

350  units  

What is the total number of WBIC sites expected to be 
installed through your program? 

300  sites  

What was the total number of WBIC units originally 
expected to be installed through your program?  

75  units This number was before the April re-allocation of 
funds. 

At about how many sites were repairs or other 
interventions performed on the irrigation systems? 

0  sites Require the customer have a well-working 
irrigation system before smart controller 
installed Recommendations for improving 
irrigation system done frequently but informally 
by knowledgeble installer. 

For about what percent of installations do you receive 
customer maintenance calls and questions? 

5  % The questions usually involve programming of 
the controller. 

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency 
invested thus far in marketing the program, including 
handling for requests additional information, recruitment, 
etc.?  

800  person-hours Scheduler's hours 

About how much time (person-hours) in total has your 
agency invested thus far in the installation process?  

1100  person-hours Installer's hours 

About how much time (person-hours) have contracted 
installers invested thus far in the installation process?  

0 person-hours  

About how much time (person-hours) has your agency 
invested in customer service after installation (e.g., 
customer complaints, resolving problems, etc.) thus far? 

40  person-hours Includes call-backs, reprogram controller, etc. 

About how much money has your agency  
invested in the program thus far? 

$180,000  This includes cost of controller, of installation, 
scheduling installer, invoicing for rebate from 
MWD, etc. 

Through what date is this information current? 6/20/2006 
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Agency: Pasadena Water and Power 

Program #1: Large Landscapes 

Type of customers targeted: Customers with large lots and/or high water use. 

Controller technologies included: AquaConserve and HydroPoint 

Program start date: September 2004 

Type of incentive or rebate: Free controller and free installation. 

Who else is involved in addition to agency: The manufacturers. 

Marketing and recruitment strategies: Targeted customers were included in the program. 

Program description: The controllers were provided by agency and installed by the 
manufacturer. Weekly visits are made to the customers, and issues responded to as they arise. 

Program or marketing & recruitment challenges:  Many customers are not familiar with the 
technology and do not understand how the controllers work or are installed. 

Program #2: Controller Exchange Program  

Type of customers targeted: Residential customers attending “Protector del Agua” training 
program. 

Controller technologies included: Accurate WeatherSet and WeatherMatic Smartline SL1600 

Program start date: March 2006 

Type of incentive or rebate: Free controller and training. 

Who else is involved in addition to agency: Consultant for training. 

Marketing and recruitment strategies: Marketed as part of “Protector del Agua” class. 

Program description: The controllers were provided through the “Protector del Agua” class 
and were free to participants with the exchange of their old controller. 

Program or marketing & recruitment challenges:  Many customers are not familiar with the 
technology. 
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Pasadena Water and Power (PWP): Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed through 
your program? 

35  units 24 done in landscape classes with MWD 

At about how many sites have WBIC units been  
installed through your program? 

29 sites  

At about how many commercial sites have WBIC 
units been installed through your program? 

At about how many residential sites have WBIC 
units been installed through your program? 

2 commercial sites 

27 residential sites

 

What is the total number of WBIC units expected to 
be installed through your program?  

13  units  

What is the total number of WBIC sites expected to 
be installed through your program? 

7  sites  

What was the total number of WBIC units originally 
expected to be installed through your program?  

5  units  

At about how many sites were repairs or other 
interventions performed on the irrigation systems? 

5  sites  

For about what percent of installations do you receive 
customer maintenance calls and questions? 

60  %  

Agency Investment in the WBIC Program 

About how much time (person-hours) has your 
agency invested thus far in marketing the program, 
including handling for requests additional 
information, recruitment, etc.?  

85  person-hours 2 people at 42.5 hours each – 
Started program in August 2004. Spend 45 minutes on marketing a week 

About how much time (person-hours) in total has 
your agency invested thus far in the installation 
process?  

70  person-hours 2- 35 hours each. 2 personnel were out there at all of installations. Total 
installation time was 35 hrs, one full week. 

About how much time (person-hours) have contracted 
installers invested thus far in the installation process?  

35 person-hours 2- 17.5 hrs each. 5 installations. Installations them self are 2 hrs each 
controller, but the set-up, meetings before hand, etc. are an addition 2 hrs 
each. Commercial Total= 20 hrs, Residential total= 15 hrs. Total of 1 installer 
at 35 hours 

About how much time (person-hours) has your 
agency invested in customer service after installation 
(e.g., customer complaints, resolving problems, etc.) 
thus far? 

567  person-hours 2 people- at 283.5 hours each 2 personnel spend at least 3 hours a week on 
WBIC issues. We visit sites, prepare reports for customer and address 
customer concerns. At 21 months (thus far), at about 3 hrs each week, at 4.5 
weeks a month. 

About how much money has your agency  
invested in the program thus far? 

$77,467  For the 21 months thus far: Cost of controllers= $48,918.68 . We were 
reimbursed a certain amount from MWD. (AquCon=24,919.68 
Hydroearth=23,999) 
Cost of misc. expenses (hiring landscapers to help modify, plumbers to 
address concerns, etc.) = $200.00. Cost of staff time= 2 staff at an average 
of 50/hr.=283.5 hrs total*2 people*50$hr=$28,350 

Through what date is this information current? 6/1/2006 
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Agency: Western Municipal Water District 

Type of customers targeted: Customers within each customer class that were above 200% of 
average 

Controller technologies included:  

AquaConserve 
HydroPoint WeatherTRAK 
Toro IntelliSense 

Program start date: December 2004 

Type of incentive or rebate: Free controller and free installation 

Who else is involved in addition to agency: Rancho California Water District – program was 
implemented by Rancho staff within their service area. Contractor performing audits and 
installations 

Marketing and recruitment strategies: 2,800 total properties (2,500 commercial, 300 
residential) were identified.  The contractor was given the list and began making direct contacts 
with the selected customers. 

Program description: Once contacted, if the customer agrees to receive a new smart 
controller, an appointment is made and the contractor visits the property to perform a water audit 
and install the controller.  During the audit an estimate of the irrigated area is made.  The type of 
controller is chosen by the customer, from the three offered.  The contractor is not supposed to 
make a recommendation.  As a part of the water audit, the contractor may make 
recommendations or inform the property owner or manager of any problems, but does not make 
any adjustments. 

Program or marketing & recruitment challenges: Anecdotally the agency has heard from the 
contractor that some customers decline in first few seconds because they think it's a sales call; 
the contractor feels it would help to have a letter in advance from the agency. 
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Western Municipal Water District: Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed  
through your program? 

575  units  

At about how many sites have WBIC units been 
installed through your program? 

277 sites  

At about how many commercial sites have WBIC 
units been installed through your program? 

At about how many residential sites have WBIC 
units been installed through your program? 

74  commercial sites

203 residential sites

HOAs  and multi family dwellings are considered 
commercial sites 

What is the total number of WBIC units expected to 
be installed through your program?  575  units Grant funding has been exhausted 

What is the total number of WBIC sites expected to 
be installed through your program? 

277  sites Grant funding has been exhausted 

What was the total number of WBIC units originally 
expected to be installed through your program?  

 units  

At about how many sites were repairs or other 
interventions performed on the irrigation systems? 

0  sites Although repair recommendations were made during 
the evaluation, the WBIC installation contractor was 
not allowed to make repairs beyond the controller. 
Some HOAs made efficiency improvements following 
WBIC installation. 

For about what percent of installations do you receive 
customer maintenance calls and questions? 

20-25  % These numbers are skewed because of issues with 
one HOA with 71 controllers that needed firmware 
upgrades. 

Agency Investment in the WBIC Program 

About how much time (person-hours) has your 
agency invested thus far in marketing the program, 
including handling for requests additional 
information, recruitment, etc.?  

 person-hours  

About how much time (person-hours) in total has 
your agency invested thus far in the installation 
process?  

 person-hours  

About how much time (person-hours) have contracted 
installers invested thus far in the installation process? 

person-hours  

About how much time (person-hours) has your 
agency invested in customer service after installation 
(e.g., customer complaints, resolving problems, etc.) 
thus far? 

 person-hours  

About how much money has your agency  
invested in the program thus far? 

$  

Through what date is this information current?  
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Agency: San Diego County Water Authority 

Program #1: Smart Landscape (Residential Voucher) 

Type of customers targeted: Residential customers with a minimum of 2,000 square feet of 
irrigated landscape and with an existing irrigation controller and in-ground irrigation system. 

Controller technologies included:  

Residential: 

Accurate WeatherSet - all models 

Aqua Conserve - all ET Series 

ET Water Systems - all models 

HydroPoint Data Systems - all models (WeatherTRAK) 

Irrisoft - all models (WeatherReach) 

Irritrol - Smart Dial 

Rain Master - Eagle 

Toro IntelliSense 

Weathermatic - Smartline, SL1600 with SLW10 or with SLW20  

Program start date: March 2005 

Type of incentive or rebate: Residential voucher for up to $65 off an approved controller. 
Increased incentive to $80 in February of 2006. Discontinued voucher in March.  

Who else is involved in addition to agency: All the member agencies, a marketing company, 
and a contractor (Honeywell DMC) to administer the program.  Program administration includes: 
processing the vouchers, acting as the call-in center, auditing compliance, and conducting site 
surveys. 

Marketing and recruitment strategies: A marketing company produced promotional materials. 
Member agencies distribute materials via newsletters, bill stuffers, public events, web sites, etc. 
An occasional public service announcement plays on local radio, but mostly print media has 
been used. 

Program description: Under the initial program SDCWA offered a voucher of $65 and the 
subsequent program offered a voucher of $80 per controller.  Homeowners could receive a 
voucher for an approved smart irrigation controller by calling the designated 800 number. An on-
site inspection verification visit was performed to ensure installation.  In October of 2005 the 
Water Authority began testing the exchange distribution methodology for controllers. In January 
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it redirected efforts to the distribution process. We allowed the voucher program to stay on-line 
through March for purposes of continuity. 

Program or marketing & recruitment challenges: SDCWA realized they need to do a lot of 
marketing as it takes an intensive effort to recruit participants.  It's a new technology for a lot of 
people, including the landscapers.   

Program #2: Commercial, Industrial, Institutional Voucher Program 

Type of customers targeted: Commercial customers with 2,000 square feet of irrigated land 
and an existing controller.. 

Controller technologies included:  

Commercial: 

Accurate WeatherSet - all models 

AccuWater - all models 

Aqua Conserve - all ET Series 

Calsense - All ET1 and ET2000 models 

ET Water Systems - all models 

HydroEarth - all models (HydroSaver) 

HydroPoint Data Systems - all models (WeatherTRAK) 

Irrisoft - all models (WeatherReach) 

Irritrol - Smart Dial 

Rain Bird - All IM Series Models (must have ET option built-in) 

Rain Bird - Maxicom 

Rain Master - Eagle 

Rain Master - Evolution DX2 

Toro - IntelliSense, Sentinel, Site Pro 

Water2Save - all models 

Weathermatic - Smartline, SL1600 with SLW20, SL4800 with SLW20 

Program start date: March 2005 
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Type of incentive or rebate: Up to $13.33 per active station. Increased to $15 per station 
(based on capacity) in February and then to $25 per station on July 5th. 

Who else is involved in addition to agency: All the member agencies, a marketing company, 
and a contractor (Honeywell DMC) to administer the program (e.g., process the vouchers, act as 
the call-in center, audit compliance, etc.  They also do the site surveys.) SDCWA’s initial 
program required  inspections at 100% of sites. Twenty five percent of the sites receiving the $25 
per station incentive will be inspected.  

Marketing and recruitment strategies: The marketing company produced the materials. 
Member agencies distribute materials via newsletters, bill stuffers, public events, web sites, etc. 
An occasional public service announcement is offered, but mostly print media is used. 

Due to lack of participation SDCWA and MWD began meeting with manufacturers. 
After numerous discussions SDCWA determined a higher incentive was needed. It also became 
clear that manufacturers needed to be involved more heavily in training/certifying installers. 
Previous site inspections showed that installations/programming was less than desirable across 
the board.  This new program places the onus on the manufacturers to train installers and provide 
us with a list of installers for their product. Only those products, for which SDCWA receives a 
manufacturer’s list of installers, will be deemed eligible products.  Manufacturers will be held 
responsible for programming/installation. If SDCWA observes a pattern of bad installations for 
any one particular product we will notify the manufacturer of the problem. If it persists, the 
product will be taken off the eligible products list.   

Program description: Commercial customers can receive a voucher for up to $13.33 per 
active station for an approved, new weather based irrigation controller. In February it was 
bumped up to $15 per station.  

New program details listed above. Only those sites using a licensed contractor on the list 
of certified trainers will be allowed to obtain a voucher.  

Program or marketing & recruitment challenges: SDCWA realized they need to do a lot of 
marketing as it takes an intensive effort.  It's a new technology for a lot of people, including the 
landscapers.   

Program #3: Residential Distribution Program 

Type of customers targeted: Residential customers 

Controller technologies included:  

Accurate WeatherSet (12 station controller) 

WeatherMatic SmartLine SL1600 with the weather monitor 

Program start date: October 2005 
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Type of incentive or rebate: Refocused efforts on distribution of free controllers via 
exchanges. Distribution of free controllers began in October 2005. Participants must turn in old 
controller to receive a new controller.  

Who else is involved in addition to agency:  Metropolitan Water District 

Marketing and recruitment strategies: MWD, SDCWA and member agencies produced 
marketing materials. Member agencies distribute materials via newsletters, bill stuffers, public 
events, web sites, etc. An occasional public service announcement is offered, but mostly print 
media is used.  Customers are recruited to the landscape classes. Customers can also opt to attend 
a 1 hour instruction session on “how to” install/program the controller. DVDs (how to 
install/program) are now being offered.   

Program description: As part of the landscape class, participants turn in their old controller 
and receive a new smart controller.  They are given training on how to program it.  The old 
controller is labeled with the customer's name and phone number; they have 30 days to decide 
whether they want the old controller back. Customers can opt to attend a 1 hour instruction 
session on “how to” install and program the controller.  

Program or marketing & recruitment challenges: These classes are popular, and becoming more 
so.  Some agencies have done limited marketing and it is shown in the numbers. Those agencies 
with active conservation staff have seen the most participants. 
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San Diego County Water Authority: Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed  
through your program? 

490  units 18 voucher 

122 commercial 

350 residential 

At about how many sites have WBIC units been  
installed through your program? 

385 sites  

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

25 
commercial 
sites 

360 
residential 
sites 

 

What is the total number of WBIC units expected to be  
installed through your program?  

1,390  units with distributions 

What is the total number of WBIC sites expected to be  
installed through your program? 

1,098  sites  

What was the total number of WBIC units originally expected to be 
installed through your program?  

650  units  

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

 sites not applicable 

For about what percent of installations do you receive customer 
maintenance calls and questions? 

 % not applicable 

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested thus 
far in marketing the program, including handling for requests 
additional information, recruitment, etc.?  

5,720 
 person-hours 

Guesstimate: marketing consultant, 
SDCWA staff, program consultant. 

About how much time (person-hours) in total has your agency 
invested thus far in the installation process?  

0  person-
hours 

Not applicable 

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

0 person-hours Not applicable 

About how much time (person-hours) has your agency invested in 
customer service after installation (e.g., customer complaints, 
resolving problems, etc.) thus far? 

0 person-hours Not applicable 

About how much money has your agency  
invested in the program thus far? 

$ 43,000 Marketing consultant, program 
administration consultant.  Staff time 
not included. 

Through what date is this information current? 6/30/2006 
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Agency: City of Santa Monica / Environmental Programs Division (SM/EPD) 

Program #1: Free, direct install 

Type of customers targeted: Residential customers in a high water use per parcel zip code 

Controller technologies included: AquaConserve ET Scheduler 

Program start date: October 2005 

Type of incentive or rebate: Free controller and installation 

Who else is involved in addition to agency: SustainableWorks 

Marketing and recruitment strategies: Direct mailing 

Program description: A region (zip code) within the city that consumes more water per 
parcel than other areas was targeted.  Within that area, SM/EPD identified four “meter books” of 
customers, who were selected route by route until 100 customers were identified.   

SustainableWorks sends the initial mailings and then follows up with a contact.  They 
schedule an appointment with the customer and provide the installation.  The technology is 
unique in that this device is not a stand-alone device: it's an add-on to an existing controller.  It’s 
an historical based device, which learns the existing program, and then modifies it based on the 
historic information. One of the reasons SM/EPD chose this device was it was an easy 
installation process requiring only a three-wire connection. A rudimentary audit is performed to 
see if location fits criteria; if it does, the device is installed.  They will flag any problems 
observed, but don’t require changes to be made to the irrigation system.  The irrigated area is 
also measured for the savings evaluation. 

Program or marketing & recruitment challenges: No major problems; people have been fairly 
receptive 

Program #2: Free, direct install 

Type of customers targeted: Appropriate test properties 

Controller technologies included: ET Water, Weathermatic, Aqua-Conserve, and three 
variants of the WeatherTRAK controller (HydroPoint, Irritrol, and Toro). 

Program start date: January 2004 

Type of incentive or rebate: Free smart controller 

Who else is involved in addition to agency: No one 

Marketing and recruitment strategies: Direct contact 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management 239

Program description: This program is implemented more casually.  As the primary staff 
member goes about his business (i.e., as people question their water use, and call for questions 
and information, or as he performs audits from other grants) properties are identified as 
appropriate for testing the smart controller technology.  Controllers are installed by SM/EPD 
staff or a hired contractor.  SM/EPD is particularly interested to observe whether these relatively 
complex devices can be handed to someone and successfully installed, and whether once 
installed it will actually save water.  They’ve provided them to professional landscapers and 
property owners.  In these cases training is provided.  Irrigated area is sometimes measures, 
sometimes not. 

Program or marketing & recruitment challenges: No major problems; people have been fairly 
receptive 

Program #3: Free, direct install 

Type of customers targeted: Landscape professionals 

Controller technologies included: Any form of WeatherTRAK or ET Water (both of which 
have signal fee) 

Program start date: October 2005 

Type of incentive or rebate: Free smart controller 

Who else is involved in addition to agency: No one 

Marketing and recruitment strategies: Part of a landscaping certification process 

Program description: Participants are offered a free controller, with the hope they will use 
these devices and begin specifying them and requiring them in their landscape designs.  They are 
required to complete a form specifying where the free controller they received will be installed. 
 Irrigated area is measured for the water savings evaluation. 

Program or marketing & recruitment challenges: No major problems; people have been fairly 
receptive 

 
 



Evaluation of California WBIC Programs                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management 240

Santa Monica: Agency Progress and Cost Reporting 
Item Amount Notes

Installation Process 

How many WBIC units have been installed  
through your program? 

 64 units 

At about how many sites have WBIC units been  
installed through your program? 

61 sites 

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

0 commercial 
sites 

61 residential 
sites 

What is the total number of WBIC units expected to be 
installed through your program?  

100  units 

What is the total number of WBIC sites expected to be  
installed through your program? 

95  sites 

What was the total number of WBIC units originally expected to be installed through your 
program?  

100  units 

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

4  sites 

For about what percent of installations do you receive customer maintenance calls and 
questions? 

10 % 

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested thus far in marketing the 
program, including handling for requests additional information, recruitment, etc.?  

20 person-hours

About how much time (person-hours) in total has your agency invested thus far in the 
installation process?  

10  person-
hours 

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

1,260 person-
hours 

About how much time (person-hours) has your agency invested in customer service after 
installation (e.g., customer complaints, resolving problems, etc.) thus far? 

3  person-hours

About how much money has your agency  
invested in the program thus far? 

$30,400 

Through what date is this information current? 5/06/2006 
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Agency: West Basin Municipal Water District 
Type of customers targeted: Large landscapes; large water users.  Primarily cities, water 

agencies and HOAs. 

WBIC technologies included: HydroEarth. 

Program start date: October 2004 

Type of incentive or rebate: The end user receives equipment, programming and installation, 
and pays $1 per valve for management services. 

Who else is involved in addition to agency: At this point, only HydroEarth.  However, any 
manufacturer could contact WBMWD to participate. 

Marketing and recruitment strategies: A direct, targeted approach, whereby the manufacturer 
directly contacts potential customers  

Program description: The end user receives a server, the controllers and the communication 
system.  They also receive installation of the controllers by the manufacturer. The customer is 
charged $1 per valve. 

Partnership Opportunities: In partnership with a local water retailer, West Basin provided 
incentives that covered the entire cost of the controllers and installations.  

Program or marketing & recruitment challenges: WBMWD has had difficulty dedicating 
sufficient internal resources to the program.  WBMWD expects to hire a vendor in the future to 
market the program more intensively and work with additional qualified vendors. 
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West Basin Municipal Water District: Agency Progress and Cost Reporting 

Item Amount Notes

Installation Process 

How many WBIC units have been installed  
through your program? 

16 units  

At about how many sites have WBIC units been  
installed through your program? 

3 sites  

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

3 commercial 
sites 

0 residential 
sites 

 

What is the total number of WBIC units expected to be  
installed through your program?  

30 units  

What is the total number of WBIC sites expected to be  
installed through your program? 

 6 sites  

What was the total number of WBIC units originally expected to be installed through your 
program?  

 50 units  

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

 sites  

For about what percent of installations do you receive customer maintenance calls and 
questions? 

 %  

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested thus far in marketing the 
program, including handling for requests additional information, recruitment, etc.?  

10  person-
hours 

 

About how much time (person-hours) in total has your agency invested thus far in the 
installation process?  

 0 person-
hours 

 

About how much time (person-hours) have contracted installers invested thus far in the 
installation process?  

person-hours  

About how much time (person-hours) has your agency invested in customer service after 
installation (e.g., customer complaints, resolving problems, etc.) thus far? 

 person-hours  

About how much money has your agency invested in the program thus far? $2,000   

Through what date is this information current? May 2006 
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Summary of Northern California Agency Programs (2006) 
 
Agency: Contra Costa Water District 

Program #1: Residential landscape rebate program, self install, with pre and post inspections  

Type of customers targeted: Residential customers with at least 5,000 square feet of turf with 
a minimum of four active irrigation stations on a well-maintained system.  Participants must 
have a winter/summer difference in water use of at least 800 gpd and have participated in the 
residential survey (a pre-inspection of the property) to ensure the irrigation system is well-
maintained. 

Controller technologies included: All smart, self-adjusting controller technologies are 
included.  

Program start date: September 2005 

Type of incentive or rebate: Rebate of $25 per active irrigation station up to 100% of 
material cost of smart controller technology system installed 

Who else is involved in addition to agency: No one 

Marketing and recruitment strategies: Direct contact 

Program description: Contra Costa first offered the rebate to customers who have taken part 
in their residential survey program since 2000.  Since then the rebate program has been opened 
to all customers that are eligible.  Non-surveyed customers must first participate in the residential 
survey program to verify that site conditions meet program requirements. Once the residential 
survey is complete, the customer selects, buys, and installs the clocks. The agency performs a 
post inspection, at which time additional data are collected to ensure accurate scheduling of the 
installed controllers.  All residential controllers are scheduled during the post inspection to match 
the site information collected by the surveyor.  Water use is monitored over time, and if the 
agency does not observe enough savings, they will re-contact the customer and try to get more 
savings.  

Program or marketing & recruitment challenges for both programs: Contra Costa started 
marketing the program in December 2005 once data collection fields for state analysis were 
finalized.  One issue that arises frequently for customers is selecting the appropriate smart 
controller, especially for residential customers where there is a wide range of product options. 
 These decisions need to be talked through so customers can decide which technology is best for 
them.  On the commercial side, property managers rely on their landscapers to help make the 
choice.  Landscape companies have been sticking with better-known controllers or 
manufacturers. 

Additionally, on the residential side, there is an issue of installation of accompanying soil and 
weather sensors.  There are two categories of people: 1) handy people who don't think anything 
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of installation, and then 2) those that will have to hire someone.  For those that need to hire an 
installer not knowing what skill level is needed for the installer and a reasonable cost for that 
installation has been a deterrent to getting involved in the program. 

Program #2: Commercial landscape rebate self install with pre and post inspections 

Type of customers targeted: Commercial properties at 150% or higher of water budget and 
with either a dedicated irrigation meter or a submeter for irrigation.  It must be confirmed that 
consumption is high enough to meet eligibility criteria.  The properties must also have a well-
maintained automatic irrigation system. 

Controller technologies included: All smart, self-adjusting controller technologies are 
included.  List of technologies was not limited based on limited evaluation of in-field data 
available.  District wants first hand experience with as many systems as possible.  CCWD needs 
to understand whether issues are technology or manufacture based. 

Program start date: December 2004 

Type of incentive or rebate: Rebate of $40 per active irrigation station up to 100% of 
material cost of smart controller technology system installed 

Who else is involved in addition to agency: No one 

Marketing and recruitment strategies: Direct contact 

Program description: Appointments are made with targeted property owners or managers 
for a pre-inspection.  At that time, they are informed of the amount of rebate for which they will 
qualify, based on number of active stations.  They are then sent an approval notification letter 
with an application for the rebate.  The customer then selects, purchases, and installs the smart 
irrigation controller.  Contra Costa staff provides assistance to customer in selecting the 
technology type.  

Contra Costa maintains a web site that contains program and controller information. 
 Program qualifications, steps to complete the program and the different types of technologies 
available are described on the site.  Along with links to the manufacturers’ web sites, a two page 
flyer that contains controller information including: system features, controller costs, 
contact/purchase information and availability of installers is available for each manufacture in 
the program.  The flyer template was developed by Municipal Water District of Orange County.   

Customers are encouraged to call the agency with questions about the various 
technologies.  Contra Costa has classified the technologies into 6 categories; they work with the 
customer to identify the best category, and then help them choose a controller within that 
category.  

Once a smart controller is installed, the agency conducts a post-installation inspection, 
including an audit of the irrigation system.  It includes: verification of the number of active 
stations, testing of representative stations to determine application rates and collecting other data 
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needed to program the technology installed.  Property managers and landscape maintenance 
companies are then give the data so they can program the device.  If problems are found during 
this inspection, the customer is informed.  The agency then monitors water use for the site, and if 
water savings are not observed, the Contra Costa will contact the customer.  The schedule will be 
reviewed, if settings are the issue the water district will reprogram the clock once customer ok is 
given. 
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Contra Costa Water District: Agency Progress and Cost Reporting 
Item Amount Notes 

Installation Process 

How many WBIC units have been installed through your program? 42  units 6 residential, 

36 commercial 

At about how many sites have WBIC units been installed through your 
program? 

12 sites  

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

 7 commercial 
sites 

5 residential 
sites 

 

What is the total number of WBIC units expected to be installed through 
your program?  

149  units < 40 residential, 

109+ commercial 

What is the total number of WBIC sites expected to be installed through 
your program? 

75  sites residential about 30 

commercial between 30 and 60 

What was the total number of WBIC units originally expected to be 
installed through your program?  

149  units 40 residential 

109 commercial 

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

2  sites agency does not do repairs or other 
interventions 

For about what percent of installations do you receive customer 
maintenance calls and questions? 

17 % residential (2 of 5); 

Commercial (1 of 7) 

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested thus far 
in marketing the program, including handling for requests additional 
information, recruitment, etc.?  

 72 person-
hours 

 

About how much time (person-hours) in total has your agency invested 
thus far in the installation process?  

66 person-
hours 

 

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

0 person-hours not applicable 

About how much time (person-hours) has your agency invested in 
customer service after installation (e.g., customer complaints, resolving 
problems, etc.) thus far? 

16  person-
hours 

 

About how much money has your agency invested in the program thus 
far? 

$26,471  This is the amount of rebate funds provided 
during the period.  This does not include 
labor costs. 

Through what date is this information current? 6/8/2006 
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Agency: East Bay Municipal Utility District 
Program #1: Large Landscape Irrigation Rebate Program (Irrigation hardware rebates) 

Type of customers targeted: Large commercial and institutional landscape irrigators 
including city street medians, parks, gardens, sports facilities, and home owner association 
(HOA) managed common area landscaping in residential development.   

Controller technologies included:  The program includes a variety of irrigation hardware 
including any WBIC or soil-moisture controller.  Eighty-five controllers have been installed as 
follows: 

8 Station 8 installations 

12 Station 14 installations 

16 Station 12 installations 

18 Station 7 installations 

24 Station 38 installations 

32 Station 3 installations 

36 Station 2 installations 

40 Station 1 installation 

Manufacturer’s represented include: 

6  RainMaster Eagle with iCentral 

1  Cal Sense ET 2040 

77  AquaConserve 

1  ET Water Systems 

Program start date:  Smart controllers have been rebated through this program since 2004. 
As of the July 1, 2006 launch of the new WaterSmart irrigation controller program (described 
below), smart controllers will no longer be eligible under this program.   

Type of incentive or rebate: The following table shows the percentage of hardware costs 
rebated under the program; smart controllers qualify for 50% of the hardware cost.  
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50% EBMUD Rebate 75% EBMUD Rebate 100% EBMUD 
Rebate 

Irrigation controllers Drip Irrigation Equipment Moisture Sensors 

Matched Precipitation Rate Sprinkler 
Heads 

Pressure Regulation 
Devices 

Rain Shut-off Devices 

Sub-meters   Check Valves 

    Nozzles 

For rebates over $1,000, the rebate program pays 50% of a customer's total rebate at the 
time of project final inspection. The remaining half is paid after one year if the customer 
demonstrates twelve months of water use efficiency.  

Marketing and recruitment strategies:  As one of the longest standing EBMUD programs, the 
Irrigation Rebate Program is known among landscape contractors and managers within the 
EBMUD service area and much of the program activity is initiated by customers seeking 
assistance with landscape upgrades. The program is promoted through free landscape consulting 
services (water audits).  Staff also contacts customers who have had their metered consumption 
data flagged due to abnormally high use. Cold calling campaigns, newsletters, Web-site 
information, landscape conferences, and other presentations are also used to generate program 
activity. 

Program description:  

EBMUD's Irrigation Rebate Program is designed to help large landscape irrigators 
improve the efficiency of existing irrigation systems. Customers who participate in a landscape 
irrigation audit may qualify for rebates of 50 to 100 percent of the materials cost of installing 
water-efficient irrigation equipment.  To qualify for an irrigation rebate, customers must have an 
irrigation audit, dedicated irrigation meter, or install a submeter to measure irrigation water use.  

Program or marketing & recruitment challenges: The target audience for the program, 
landscape contractors and property managers, typically has higher priorities than improving 
landscape water efficiency.  Unseasonably cool and wet weather can suppress participation.   

Program # 2: WaterSmart Irrigation Controller Program (Residential and Commercial Voucher 
Program) 

Type of customers targeted: Residential, commercial, and institutional customers with a 
minimum of 750 GPD of irrigation use.  (For mixed use accounts there must be a minimum of 
750 gpd difference between the billing period that includes the month of July and the billing 
period that includes the month of January.  Outreach is also targeted to product manufacturers 
and distributors, landscape professionals and property managers. 
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Controller technologies included:  The program is open to any WBIC or soil-moisture 
controller that meets the following requirements: 

1. Controller has completed the Irrigation Association’s 5th Draft testing protocol for 
Climatologically Based Controllers or later edition or, if soil moisture based, must 
complete the 4th Draft Testing Protocol for Soil Moisture Based Controllers or 
later edition.   

2. The results of the testing protocol must be posted on the Irrigation Association 
website on the Smart Water Application Technology (SWAT) page under 
performance reports.  

3. EBMUD reserves the right to evaluate eligibility of a manufacturer for the 
EBMUD WaterSmart Irrigation Controller program based on customer and 
technical support provided by the manufacturer and/or their distribution network. 

4. Manufacturer’s must also train and make available a minimum of three 
professional installers willing to install controllers in the EBMUD service area for 
customers who choose to hire an installer to complete the controller swap-out and 
controller set-up and programming.  

EBMUD facilitated third-party verification of controller effectiveness which has had a 
positive effect of improving the technology before it is offered to the customer.  Several 
manufacturers have run their equipment through the SWAT protocol and chose to withhold 
posting results on the IA web site until they could improve their product to be as good as other 
products that had previously posted results.  Thus far, five different manufacturers have posted 
results on the web site.  As soon as a product performance report is posted on the web site, it can 
be added to the EBMUD approved list if it also meets other requirements. 

Program start date: July 1, 2006 

Type of incentive or rebate: A voucher, for up to 50% of the cost of the hardware, not 
including any signaling fee, up to a maximum amount based on summer irrigation use in three 
tiers.  If the billing database shows that the difference in use between the billing period that 
includes the month of August and the billing period that includes the month of January is: 

1) 750 to 3,000 gpd – the rebate would be up to 50% of the purchase price not to exceed $300 

2) 3,001 – 6,000 gpd – the rebate would be up to 50% of the purchase price not to exceed $600 

3) 6,000+ gpd – the rebate would be up to 50% of the purchase price not to exceed $1,200 

Customers may be eligible for one voucher for each existing controller but will require 
higher summer irrigation consumption.  For example, if a customer requests three controllers the 
customer must have a minimum consumption of 2,250 GPD (3 times 750 GPD) 
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Marketing and recruitment strategies:  EBMUD conducted market research that served as a 
basis for developing a tactical marketing plan and have now identified approximately 22,000 
potential residential sites and over 6,200 potential commercial sites.    

A professional marketing firm conducted two focus groups with large residential water 
users and in-depth telephone interviews of commercial property managers.  Market research 
findings informed all aspects of program design including the administrative process, eligibility 
requirements, program and product positioning, and outreach tactics. 

Once commercial property managers interviewed understood what the smart controllers 
do they were ready to buy one on the spot.  The challenge is to get to the right person to make 
the decision. Many homeowners and commercial sites rely on their landscapers to make the 
decision, which is an additional reason why EBMUD would like to educate landscapers. 

The recruitment will take a two-pronged approach.  For residential, a direct mail (DM) 
packet will be sent to the high water users.  The DM will explain the program and the potential 
water savings.  The packet includes a customized cover letter, brochure, lift note (explanation of 
offer), application form, qualifying product list and return envelope. A referral to an 
informational web site is also included and website development is on-going. 

The Second recruitment targeted commercial customers and was cold calling to property 
managers..  The goal was to set up a site meeting offering a free irrigation audit and include the 
landscape maintenance contractor.  The contractor was identified as key influencer of property 
manager in the market study. 

EBMUD piloted the use of SWAT marketing materials.  The SWAT marketing materials 
were successful in generating significant interest in the program.  Marketing materials were 
mailed out three times to 23,000 (7% of 320K EBMUD residential customers) qualified 
residential customers (customers using 750 GPD or more irrigation in July).  The 23,000 
customers received the SWAT materials September 2006, January 2007 and March 2007 and 
EBMUD received over a thousand voucher requests from customers that filled out a two page 
application.  EBMUD issued approximately 1,200 vouchers (5.2% of the 23,000) that resulted 
from the direct mailing but only 20% of the vouchers were redeemed for controllers. 

Program description: Customers submit an application and their minimum consumption is 
verified and customer and site information is entered into a database.  The maximum voucher 
amount is determined based on the three tiers and the voucher is sent to the customer.  The 
customer uses the voucher to purchase the WaterSmart controller from a list of distributors or 
manufacturers.  The customer may install the controller themselves or hire their gardener or 
other professional installer to do the installation.  Manufacturers will post a minimum of three 
professional installers on their web site (not EBMUD’s web site).  Customers may call one of 
these professionals if they choose.  EBMUD may in the future (not currently)  offer an additional 
incentive in the form of a credit  on their water bill if they use an installer trained by the 
manufacturer of the controller they choose.  Once a customer has installed a smart controller, 
EBMUD will set up an appointment to review the installation and programming.  On the same 
visit EBMUD representatives will measure the irrigated area.  This information will be used to 
determine a water budget.  EBMUD will continue to monitor water use.  If no water savings are 
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observed, they will attempt to provide telephone assistance and if needed, may make a second 
site visit to trouble-shoot the installation and programming. 

Program or marketing & recruitment challenges: EBMUD anticipates that the biggest challenge 
will be getting the customer to program the controller correctly.  This will require that the proper 
plant, irrigation, soil type, sun exposure is collected and entered into the controller correctly. 
 Another issue anticipated is that customers will have lots of choices and it may be difficult for 
them to choose which controller to buy.  User friendly marketing materials have been developed 
to address this.  To verify correct product installation and programming staff will be trained in 
each technology.  Other challenges include accurately measuring the irrigated area with a 
subtotal for the turf area so that potential water savings can be determined.  CIT testing was to be 
completed two years ago but, some protocol challenges have been raised which has delayed 
some manufacturers from submitting their products for testing at CIT for certification as a smart 
controllers so they can be listed as a qualified products.  In developing individual WBIC 
programs rather than developing a single regional program, required significantly more work for 
each agency.  Assuming the role as lead agency turned out to be much more time consuming 
than anticipated and delayed the development of EBMUD’s program. 
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East Bay Municipal Utility District: Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed  
through your program? 

(Program 1) 85 units (Program 2) Over 50 commercial controllers pre 
approved and a waiting list of 100 potential residential 
customers  

At about how many sites have WBIC units been  
installed through your program? 

(Program 1) 19 sites (Program 2) We estimate 80 % of the sites will be one 
controller per site.  About 205 of sites will have multiple 
controllers 

At about how many commercial sites have WBIC units 
been installed through your program? 

At about how many residential sites have WBIC units 
been installed through your program? 

(Program 1) 

19  commercial sites 

0  residential sites 

See above 

What is the total number of WBIC units expected to be 
installed through your program?  

1,300  units  

What is the total number of WBIC sites expected to be 
installed through your program? 

 Sites 1,100  

What was the total number of WBIC units originally 
expected to be installed through your program?  

 Units 1,300  

At about how many sites were repairs or other 
interventions performed on the irrigation systems? 

 We do not anticipate 
many irrigation 
upgrades 

Commercial customers will be introduced to our large 
irrigation upgrade program which offers 50% to 100% 
of the cost of water conservation hardware.  

For about what percent of installations do you receive 
customer maintenance calls and questions? 

 % TBD Initial installation and programming questions will be 
directed to the manufacturer.  After installation EBMUD 
staff will monitor potential savings and assist customers 
not meeting water saving goals 

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency 
invested thus far in marketing the program, including 
handling for requests additional information, 
recruitment, etc.?  

2,500  

About how much time (person-hours) in total has your 
agency invested thus far in the installation process?  

 0person-hours  

About how much time (person-hours) have contracted 
installers invested thus far in the installation process?  

person-hours N/A Future Estimate ½ hour per station 

About how much time (person-hours) has your agency 
invested in customer service after installation (e.g., 
customer complaints, resolving problems, etc.) thus far? 

0  person-hours Future Estimate 5 hours per controller 

About how much money has your agency  
invested in the program thus far? 

$ 60,000 Marketing study and program materials 

Through what date is this information current? June 2006 
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Agency: Santa Clara Valley Water District 
Type of customers targeted: Large commercial and residential high water users who have 

already participated in a residential surveying program 

Controller technologies included:  

AquaConserve (modified historic) 
HydroPoint WeatherTRAK (real time) 
Chosen through bid process to manufacturers 

Program start date: December 2005 

Type of incentive or rebate: Customers must pay 50% of the cost of the controller. 

Who else is involved in addition to agency: Contracted with WaterWise to administer the 
program 

Marketing and recruitment strategies: Starting with direct mail, targeting those who had 
wanted to be in a previous pilot study but had not been able to be included.  Will expand to 
include public outreach events, other survey programs, web site, and presentations. 

Program description: Every customer receives a pre-installation survey conducted by 
WaterWise Consulting (SCVWD consultant), after which the participant decides which type of 
controller they would prefer, either real time (WeatherTRAK) or modified historic 
(AquaConserve).  The participant also decides if they would prefer to participate in the “direct 
install” (which is performed by WaterWise staff) or “self install”.  Self install customers must 
attend a workshop where a representative from the manufacturer explains the concepts of 
evapotranspiration and how to program the controller using the results of their pre-installation 
site survey.  The manufacturer then reviews how to install the controller and provides 
information regarding trouble shooting common issues associated with the controller.  The 
participants then take the controllers with them to install on their site.  

Program or marketing & recruitment challenges: Too early to tell, but not so far. 
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Santa Clara Valley Water District: Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed  
through your program? 

45  units  

At about how many sites have WBIC units been  
installed through your program? 

10 sites  

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

 5  commercial sites 

5  residential sites 

 

What is the total number of WBIC units expected to be  
installed through your program?  

657 units residential direct install -- 64  
residential self-install-- 96 
direct, small commercial -- 64 
self, small commercial -- 64 
large, direct -- 96 
large, self -- 273 
TOTAL - 657 

What is the total number of WBIC sites expected to be  
installed through your program? 

 275 sites  

What was the total number of WBIC units originally expected to be 
installed through your program?  

657  units  

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

1 sites  

For about what percent of installations do you receive customer maintenance 
calls and questions? 

 10%  

About how much time (person-hours) has your agency invested thus far in 
marketing the program, including handling for requests additional 
information, recruitment, etc.?  

120  person-hours  

About how much time (person-hours) in total has your agency invested thus 
far in the installation process?  

160  person-hours  

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

10  person-hours  

About how much time (person-hours) has your agency invested in customer 
service after installation (e.g., customer complaints, resolving problems, 
etc.) thus far? 

 person-hours  

About how much money has your agency  
invested in the program thus far? 

$35,000   

Through what date is this information current? July 2006 
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Agency: Alameda County Water District 
Type of customers targeted: A wide variety: residential, commercial, municipal and other; 

targeted for high water use and/or large lot size. Properties must have a well-maintained 
automatic irrigation system. 

Controller technologies included: Any smart, self-adjusting controller or add-on to an existing 
controller with schedule adjustment capabilities are eligible. ACWD did not want to limit the 
choice of technologies to just a few because the District felt it was important to have the ability 
to evaluate as many technologies as possible through this program. ACWD requested detailed 
information from manufacturers about their product(s) and this information will be made 
available to its customers to assist them in making their decisions. The information requested 
included how their product(s) work, warranty information, customer service and technical 
support, and any special requirements or maintenance needs.  

Program start date: Started June 1st, no installations yet. ACWD is currently conducting 
pre-qualification screenings (surveys) for interested customers. These survey have the potential 
to result in approximately 17 small and large controller installations. 

Type of incentive or rebate: Rebate on the purchase of the smart controller, free installation 

Who else is involved in addition to agency: A contractor hired by ACWD through an RFP 
process to conduct the installations. 

Marketing and recruitment strategies:  ACWD is recruiting participants through existing 
programs that target higher water users such as our large landscape water budget program and 
our single family resident high water use notification program. ACWD and is also  advertising 
the program through its newsletter and web site. 

Program description: Customer applies to participate in the program. ACWD conducts a 
pre-qualification site assessment to verify eligibility which will include verifying irrigated area 
measurements. If approved to participate in the program, the customer chooses a smart 
controller, purchases it, and submits the receipt for the rebate (usually equivalent to the average 
cost, or for large customers, about 60% of the average cost).  The controller is then installed by 
the ACWD contractor. ACWD will then conduct a post-installation inspection and will monitor 
water use. 

Program or marketing & recruitment challenges: No marketing or recruitment challenges so 
far. Program development challenges were related to simplifying the program to maximize 
participation and water savings, while keeping the costs down. This was the rationale behind 
both hiring a contractor to conduct all of the installations and going with a rebate program. 
Special legal considerations surfaced frequently during the planning process (e.g. Whether or not 
prevailing wages applied to ACWD’s installation contractor - ACWD legal counsel determined 
that they did apply, responsibility for the disposal of the old controller – left to the customer, and 
various liability concerns related to the installation work.) As ACWD moves forward with the 
program they will likely fine tune the program to adapt to situations they have not yet 
considered. ACWD is already noticing that customers require a lot of guidance in selecting the 
appropriate WBIC for their current system. Most of the commercial customers will rely on 
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advice from their landscape professional for this decision, while the residential customers will be 
assisted by ACWD staff in selecting the best type of technology for their current system. 

 Alameda County Water District: Agency Progress and Cost Reporting 

Item Amount Notes 

Installation Process 

How many WBIC units have been installed  
through your program? 

0  units 

At about how many sites have WBIC units been  
installed through your program? 

0 sites 

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

0  commercial sites 

0  residential sites 

What is the total number of WBIC units expected to be  
installed through your program?  

124  units 36 – Residential,
88 –  Commercial

What is the total number of WBIC sites expected to be  
installed through your program? 

50-60 sites Estimate 1 controller per 
residential site and 5 

controllers per commercial 
site.

What was the total number of WBIC units originally expected to be 
installed through your program?  

124  units 

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

 sites A well-maintained 
irrigation system is required 

to qualify for the program.

For about what percent of installations do you receive customer 
maintenance calls and questions? 

 % No installations so far

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested thus far in 
marketing the program, including handling for requests additional 
information, recruitment, etc.?  

40  person-hours  

About how much time (person-hours) in total has your agency invested 
thus far in the installation process?  

0  person-hours All installation hours will 
be through a contractor

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

0 person-hours No installations so far.

About how much time (person-hours) has your agency invested in 
customer service after installation (e.g., customer complaints, resolving 
problems, etc.) thus far? 

0  person-hours No installations so far.

About how much money has your agency  
invested in the program thus far? 

$0  Only staff time so far.

Through what date is this information current? June 2006 
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Agency: Sonoma County Water Agency 

Program #1: Residential, pre installation audit, self install  

Type of customers targeted: Targeting highest water users first; site must include at least 
1,500 square feet of irrigated area, with at least 500 square feet of well-maintained turf. 

Controller technologies included: SCWD has a list of four manufacturers they have 
“qualified” Controller products based on SWAT testing and published results. 

Program start date: January 2006 

Type of incentive or rebate: A combined maximum of $450 rebate; $300 maximum for up to 
50% of the price of a qualified smart controller, plus up to $150 at 100% of the cost for the 
signaling fees for the rebate program required 5 years of pre-paid service. 

Who else is involved in addition to agency: The member agencies 

Marketing and recruitment strategies: The first effort is a direct mailing to the targeted 
customers.  May be expanded in the future. 

Program description: Interested customers make a pre-installation appointment.  At this 
visit, a full indoor and outdoor water audit is conducted.  The eligibility criteria are verified from 
site data collected during the audit.  The customer then purchases a qualified controller and either 
installs it or hires someone to install it.  After the controller is installed, a post-installation 
inspection is performed and the rebate is issued. 

Program #2: Commercial pre-installation, audit self-install 

Type of customers targeted: Any commercial site that is interested 

Controller technologies included: SCWA has a list of four manufacturers they have 
“qualified.” These are the ones that received the highest signal and also the ones that are SWAT 
tested, or use the same technology that has been tested.  They are only including controllers with 
a signaling fee. 

Program start date: March 2006 

Type of incentive or rebate: For 13-24 active stations, up to 50% of the purchase price for up 
to $700; for 25+ active stations, 50% of purchase price up to $1,100.  There is no rebate for 
signal fees in the commercial program. 

Who else is involved in addition to agency: The member agencies 

Marketing and recruitment strategies: The manufacturers have the information, and they are 
marketing it on their own.  Many municipalities would like to obtain the smart controllers for the 
large landscapes (e.g., parks, etc.). 
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Program description: Interested customers make a pre-installation appointment.  At this 
visit, a full outdoor water audit is conducted. The customer then purchases a qualified controller 
and either installs it or hires someone to install it.  No training or technical assistance is provided. 
 It is up to the customer to seek this information from the manufacturer who is ultimately 
responsible for the success of their product.  Irrigated area is collected during the pre-installation 
audit. 

Program or marketing & recruitment challenges for both programs: SCWA has four customers 
signed up so far.  This year, there has been lots of rain and flooding.  There is not a perception of 
need for these controllers right now. 
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Sonoma County Water Agency: Agency Progress and Cost Reporting 

Item Amount Notes 
Installation Process 

How many WBIC units have been installed  
through your program? 

4  units through April 2006 

At about how many sites have WBIC units been  
installed through your program? 

4 sites  

At about how many commercial sites have WBIC units been 
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

  commercial 
sites 

  residential 
sites 

 

What is the total number of WBIC units expected to be  
installed through your program?  

219  units  

What is the total number of WBIC sites expected to be  
installed through your program? 

219  sites  

What was the total number of WBIC units originally expected 
to be installed through your program?  

219  units  

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

0  sites  

For about what percent of installations do you receive 
customer maintenance calls and questions? 

0  % so far 

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency 
invested thus far in marketing the program, including handling for 
requests additional information, recruitment, etc.?  

20  person-
hours 

 

About how much time (person-hours) in total has your agency 
invested thus far in the installation process?  

4  person-
hours 

For the audits, but not 
for installations 

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

0 person-
hours 

Not applicable 

About how much time (person-hours) has your agency 
invested in customer service after installation (e.g., customer 
complaints, resolving problems, etc.) thus far? 

0  person-
hours 

Not applicable 

About how much money has your agency  
invested in the program thus far? 

$   

Through what date is this information current? 4/26/2006 
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Agency: Davis Water 

Program #1: Residential & schools self install 

Type of customers targeted: High water users with use per square foot of lot size that is more 
than 25% above average. 

Controller technologies included: Hunter and Weathermatic (35 of each).  Each of these 
technologies features an on-site weather station that measures the main variables of the ET 
equation.  In addition, there are no fees, and no signing up for service. 

Program start date: Will start this summer (2006). 

Type of incentive or rebate: Rebate amount of $169 (residential). 

Who else is involved in addition to agency: No one 

Marketing and recruitment strategies: Davis will take a targeted approach that will directly 
contact potential participants rather than have a self-selection of the “do-gooders.”  Davis hopes 
to maximize the water savings. 

Program description: They are using a voluntary self-install approach. A letter will be sent 
to the target group of SF residential customers, with the goal of installing 69 controllers. Some 
kind of on-site audit will be performed, although this is still being finalized.  Davis plans to have 
all the residential installations completed by the end of the summer. 

On the non-residential side, Davis is working with the school district where they have a 
long history of working together on a number of different programs.  In June Davis will work 
with them to install 10 controllers.  The exact incentive has not yet been determined, but will 
likely be a rebate of some kind. 

Program or marketing & recruitment challenges: None encountered yet, as they have not yet 
started installations. 
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Davis Water: Agency Progress and Cost Reporting 

Item Amount Notes

Installation Process 

How many WBIC units have been installed  
through your program? 

0  units  

At about how many sites have WBIC units been  
installed through your program? 

0 sites  

At about how many commercial sites have WBIC units been  
installed through your program? 

At about how many residential sites have WBIC units been  
installed through your program? 

0  
commercial sites 

0  residential sites 

 

What is the total number of WBIC units expected to be  
installed through your program?  

79 units  

What is the total number of WBIC sites expected to be  
installed through your program? 

 Sites  

What was the total number of WBIC units originally expected to be 
installed through your program?  

 units  

At about how many sites were repairs or other interventions  
performed on the irrigation systems? 

 sites  

For about what percent of installations do you receive customer 
maintenance calls and questions? 

 %  

Agency Investment in the WBIC Program 

About how much time (person-hours) has your agency invested thus far in 
marketing the program, including handling for requests additional information, 
recruitment, etc.?  

 person-hours  

About how much time (person-hours) in total has your agency invested 
thus far in the installation process?  

 person-hours  

About how much time (person-hours) have contracted  
installers invested thus far in the installation process?  

person-hours  

About how much time (person-hours) has your agency invested in 
customer service after installation (e.g., customer complaints, resolving problems, 
etc.) thus far? 

 person-hours  

About how much money has your agency  
invested in the program thus far? 

$   

Through what date is this information current? May 2006 



Evaluation of California WBIC Programs                                                                                                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management  262

APPENDIX H – WATER SAVINGS DETAILED RESULTS BY AGENCY 

The following tables present detailed water savings results by agency and various factors including customer category, climate 
zone, and controller installation method. 

 
Table H.1: Weather-normalized change in water use volume (kgal) by agency and customer category 

Weather-Normalized Change in Water Use Volume (kgal) Descriptive and Validatory 
Statistics 

Agency Customer 
Category 

N Mean Median 
Std. 

Deviation 
Confidence 

Interval 

Lower 
Confidence 

Bound 

Upper 
Confidence 

Bound 

Statistically 
Significant 
Reduction? 

Non-Residential 1 -59.8 -59.8 .ACWD Residential 4 -89.6 -71.6 92.5 90.7 -180.2 1.1 No
Burbank Residential 76 -19.0 -10.7 49.1 11.0 -30.0 -7.9 Yes

Non-Residential 5 121.9 492.4 632.9 554.7 -432.8 676.6 NoCCWD Residential 27 -40.5 -34.6 141.2 53.2 -93.7 12.7 No
Eastern Non-Residential 87 -110.6 -47.8 284.5 59.8 -170.4 -50.8 Yes

Non-Residential 79 -112.5 -28.0 596.1 131.4 -244.0 18.9 No
Irrigation 11 108.3 39.7 231.1 136.6 -28.3 244.8 NoEBMUD 
Residential 243 -64.2 -23.1 472.1 59.4 -123.6 -4.9 Yes

Foothill Residential 245 -7.8 -3.3 34.6 4.3 -12.1 -3.4 Yes
Glendale Residential 109 -5.3 -2.6 12.9 2.4 -7.7 -2.9 Yes

Non-Residential 8 -132.7 -152.4 354.6 245.7 -378.4 113.0 NoGoleta Residential 18 11.9 -30.5 139.2 64.3 -52.4 76.2 No
Inland Empire Residential 186 -61.6 -52.9 93.7 13.5 -75.1 -48.2 Yes

Non-Residential 16 -1119.8 109.6 3142.9 1540.0 -2659.8 420.2 NoLADWP Residential 461 12.6 .3 92.1 8.4 4.2 21.0 Increase
Pasadena Non-Residential 17 -353.6 -234.2 956.2 454.6 -808.1 101.0 No

Non-Residential 15 -167.0 -104.8 401.1 203.0 -370.0 35.9 NoSanta Barbara Residential 58 -70.3 -52.4 208.3 53.6 -123.9 -16.7 Yes
Santa Monica Non-Residential 2 -12.0 -12.0 8.1 11.2 -23.2 -0.9 Yes
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Weather-Normalized Change in Water Use Volume (kgal) Descriptive and Validatory 
Statistics 

Agency Customer 
Category 

N Mean Median 
Std. 

Deviation 
Confidence 

Interval 

Lower 
Confidence 

Bound 

Upper 
Confidence 

Bound 

Statistically 
Significant 
Reduction? 

Residential 68 6.4 2.6 42.1 10.0 -3.6 16.4 No
Non-Residential 17 -1390.8 6.9 6023.7 2863.4 -4254.3 1472.6 NoSCV Residential 17 1.0 7.5 137.8 65.5 -64.5 66.5 No
Non-Residential 3 -780.3 -258.1 1092.4 1236.1 -2016.4 455.8 NoSCWA Residential 4 -11.3 -8.7 57.4 56.3 -67.6 45.0 No
Non-Residential 10 -7.5 -127.1 489.8 303.6 -311.1 296.1 NoSDCWA Residential 391 -7.4 2.4 93.1 9.2 -16.6 1.8 No
Non-Residential 36 105.3 -231.1 1747.5 570.8 -465.5 676.1 NoWestern Residential 79 -112.3 -67.7 312.9 69.0 -181.3 -43.3 Yes
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Table H.2: Summed weather-normalized change in water use by agency and customer category 

Weather-Normalized Total Change in Water Use Agency Customer 
Category N kgal hcf acre-feet 
Non-Residential 1 -59.8 -79.9 -0.2 ACWD Residential 4 -358.3 -479.0 -1.1 

Burbank Residential 76 -1442.5 -1928.5 -4.5 
Non-Residential 5 609.4 814.8 1.9 CCWD Residential 27 -1093.6 -1462.1 -3.4 

Eastern Non-Residential 87 -9625.3 -12868.1 -29.8 
Non-Residential 79 -8888.8 -11883.5 -27.6 
Irrigation 11 1191.2 1592.5 3.7 EBMUD 
Residential 243 -15603.9 -20860.8 -48.4 

Foothill Residential 245 -1899.5 -2539.5 -5.9 
Glendale Residential 109 -579.2 -774.4 -1.8 

Non-Residential 8 -1061.6 -1419.2 -3.3 Goleta Residential 18 215.0 287.4 0.7 
Inland Empire Residential 186 -11463.3 -15325.2 -35.5 

Non-Residential 16 -17916.4 -23952.5 -55.5 LADWP Residential 461 5816.3 7775.9 18.0 
Pasadena Non-Residential 17 -6010.6 -8035.6 -18.6 

Non-Residential 15 -2505.4 -3349.4 -7.8 Santa Barbara Residential 58 -4079.1 -5453.4 -12.6 
Non-Residential 2 -24.0 -32.1 -0.1 Santa Monica Residential 68 437.6 585.0 1.4 
Non-Residential 17 -23644.3 -31610.0 -73.3 SCV Residential 17 16.6 22.2 0.1 
Non-Residential 3 -2341.0 -3129.7 -7.3 SCWA Residential 4 -45.1 -60.3 -0.1 
Non-Residential 10 -75.0 -100.3 -0.2 SDCWA Residential 391 -2899.9 -3876.9 -9.0 
Non-Residential 36 3791.0 5068.1 11.8 Western Residential 79 -8869.5 -11857.6 -27.5 



Evaluation of California WBIC Programs                                                                                                                         7/1/2009 

Aquacraft, Inc. Water Engineering and Management  265

Table H.3: Weather-normalized change in water use volume (kgal) by agency and climate zone 
Weather-Normalized Change in Water Use Volume (kgal) Descriptive and Validatory 

Statistics 
Agency Climate Zone 

N Mean Median
Std. 

Deviation
Confidence 

Interval 

Lower 
Confidence 

Bound 

Upper 
Confidence 

Bound 

Statistically 
Significant 
Reduction?

ACWD intermediate 5 -83.6 -59.8 81.2 71.2 -154.8 -12.4 Yes 
Burbank intermediate 76 -19.0 -10.7 49.1 11.0 -30.0 -7.9 Yes 

inland 31 -36.0 -34.6 244.9 86.2 -122.2 50.2 No CCWD intermediate 1 631.7 631.7 .     
Eastern intermediate 87 -110.6 -47.8 284.5 59.8 -170.4 -50.8 Yes 

coastal 66 -211.1 -25.4 587.6 141.8 -352.8 -69.3 Yes 
inland 254 -37.1 -17.6 480.6 59.1 -96.2 22.0 No EBMUD 
intermediate 13 4.8 9.0 104.0 56.5 -51.7 61.3 No 

Foothill intermediate 245 -7.8 -3.3 34.6 4.3 -12.1 -3.4 Yes 
Glendale intermediate 109 -5.3 -2.6 12.9 2.4 -7.7 -2.9 Yes 
Goleta coastal 26 -32.6 -40.0 230.2 88.5 -121.1 55.9 No 
Inland Empire intermediate 186 -61.6 -52.9 93.7 13.5 -75.1 -48.2 Yes 

coastal 233 -37.6 -4.4 558.1 71.7 -109.2 34.1 No 
inland 63 39.1 .2 212.8 52.6 -13.5 91.7 No LADWP 
intermediate 181 -32.1 17.9 732.2 106.7 -138.8 74.6 No 

Pasadena intermediate 17 -353.6 -234.2 956.2 454.6 -808.1 101.0 No 
coastal 72 -90.5 -60.6 261.0 60.3 -150.8 -30.2 Yes Santa Barbara intermediate 1 -68.1 -68.1 .     

Santa Monica coastal 71 5.7 1.1 41.3 9.6 -4.0 15.3 No 
coastal 1 6.4 6.4 .     SCV intermediate 33 -716.2 7.5 4318.6 1473.5 -2189.6 757.3 No 

SCWA intermediate 7 -340.9 -47.1 753.9 558.5 -899.4 217.6 No 
coastal 186 9.6 5.9 54.9 7.9 1.7 17.4 Increase SDCWA intermediate 215 -22.1 -4.7 151.1 20.2 -42.3 -1.9 Yes 

Western intermediate 115 -44.2 -90.9 1007.4 184.1 -228.3 140.0 No 
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Table H.4: Summed weather-normalized change in water use by agency and climate zone 

Weather-Normalized Total Change in Water Use Agency Climate Zone N kgal hcf acre-feet 
ACWD intermediate 5 -418.1 -558.9 -1.3 
Burbank intermediate 76 -1442.5 -1928.5 -4.5 

inland 1 -1115.9 -1491.8 -3.5 CCWD intermediate 31 631.7 844.5 2.0 
Eastern intermediate 87 -9625.3 -12868.1 -29.8 

coastal 66 -13930.4 -18623.6 -43.2 
intermediate 13 -9433.5 -12611.6 -29.2 EBMUD 
inland 254 62.5 83.5 0.2 

Foothill intermediate 245 -1899.5 -2539.5 -5.9 
Glendale intermediate 109 -579.2 -774.4 -1.8 
Goleta coastal 26 -846.6 -1131.9 -2.6 
Inland Empire intermediate 186 -11463.3 -15325.2 -35.5 

coastal 233 -8756.0 -11705.9 -27.1 
intermediate 181 2462.9 3292.6 7.6 LADWP 
inland 63 -5807.0 -7763.4 -18.0 

Pasadena intermediate 17 -6010.6 -8035.6 -18.6 
coastal 72 -6516.4 -8711.7 -20.2 Santa Barbara intermediate 1 -68.1 -91.1 -0.2 

Santa Monica coastal 71 401.8 537.1 1.2 
coastal 1 6.4 8.6 0.0 SCV intermediate 33 -23634.1 -31596.4 -73.3 

SCWA intermediate 7 -2386.1 -3190.0 -7.4 
coastal 186 1776.5 2374.9 5.5 SDCWA intermediate 215 -4751.4 -6352.1 -14.7 

Western intermediate 115 -5078.5 -6789.5 -15.7 
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Table H.5: Weather-normalized change in water use volume (kgal) by agency and installation method 
Weather-Normalized Change in Water Use Volume (kgal) Descriptive and Validatory 

Statistics 
Agency Installation 

Method 

N Mean Median 
Std. 

Deviation
Confidence 

Interval 

Lower 
Confidence 

Bound 

Upper 
Confidence 

Bound 

Statistically 
Significant 
Reduction? 

Professional 2 -133.6 -133.6 104.4 144.6 -278.2 11.1 No ACWD Self 3 -50.3 -24.3 59.9 67.8 -118.1 17.5 No 
Burbank Self 76 -19.0 -10.7 49.1 11.0 -30.0 -7.9 Yes 
CCWD Professional 32 -15.1 -32.3 268.3 93.0 -108.1 77.8 No 

Professional 48 -160.6 -52.5 297.0 84.0 -244.6 -76.6 Yes Eastern Self 39 -49.1 -38.8 259.1 81.3 -130.4 32.2 No 
Professional 160 -42.5 -7.7 381.2 59.1 -101.5 16.6 No EBMUD Self 173 -95.4 -25.1 587.4 87.5 -182.9 -7.9 Yes 

Foothill Self 245 -7.8 -3.3 34.6 4.3 -12.1 -3.4 Yes 
Glendale Self 109 -5.3 -2.6 12.9 2.4 -7.7 -2.9 Yes 
Goleta Professional 26 -32.6 -40.0 230.2 88.5 -121.1 55.9 No 
Inland Empire Self 186 -61.6 -52.9 93.7 13.5 -75.1 -48.2 Yes 

Professional 382 -20.1 22.4 670.5 67.2 -87.3 47.2 No LADWP Self 95 -46.6 -27.5 78.7 15.8 -62.4 -30.8 Yes 
Pasadena Self 17 -353.6 -234.2 956.2 454.6 -808.1 101.0 No 
Santa Barbara Professional 73 -90.2 -65.0 259.2 59.4 -149.6 -30.7 Yes 

Professional 46 12.2 5.4 46.1 13.3 -1.1 25.5 No Santa Monica Self 24 -6.2 -4.8 28.2 11.3 -17.5 5.1 No 
Professional 29 71.8 18.6 199.2 72.5 -0.7 144.3 No SCV Self 5 -5141.7 -51.7 10957.9 9604.8 -14746.6 4463.1 No 
Professional 6 -406.8 -64.8 803.5 642.9 -1049.7 236.1 No SCWA Self 1 54.7 54.7 .     

SDCWA Self 401 -7.4 2.0 117.7 11.5 -18.9 4.1 No 
Western Professional 115 -44.2 -90.9 1007.4 184.1 -228.3 140.0 No 
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Table H.6: Summed weather-normalized change in water use by agency and installation method 
Weather-Normalized Total Change in Water Use Agency Installation 

Method N kgal hcf acre-feet 
Professional 2 -267.2 -357.2 -0.8 ACWD Self 3 -150.9 -201.7 -0.5 

Burbank Self 76 -1442.5 -1928.5 -4.5 
CCWD Professional 32 -484.2 -647.3 -1.5 

Professional 48 -7709.2 -10306.5 -23.9 Eastern Self 39 -1916.1 -2561.7 -5.9 
Professional 160 -6794.8 -9084.0 -21.1 EBMUD Self 173 -16506.6 -22067.7 -51.2 

Foothill Self 245 -1899.5 -2539.5 -5.9 
Glendale Self 109 -579.2 -774.4 -1.8 
Goleta Professional 26 -846.6 -1131.9 -2.6 
Inland Empire Self 186 -11463.3 -15325.2 -35.5 

Professional 382 -7670.5 -10254.6 -23.8 LADWP Self 95 -4429.7 -5922.0 -13.7 
Pasadena Self 17 -6010.6 -8035.6 -18.6 
Santa Barbara Professional 73 -6584.5 -8802.8 -20.4 

Professional 46 562.4 751.9 1.7 Santa Monica Self 24 -148.9 -199.1 -0.5 
Professional 29 2080.9 2781.9 6.5 SCV Self 5 -25708.6 -34369.8 -79.7 
Professional 6 -2440.8 -3263.1 -7.6 SCWA Self 1 54.7 73.1 0.2 

SDCWA Self 401 -2974.9 -3977.2 -9.2 
Western Professional 115 -5078.5 -6789.5 -15.7 
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APPENDIX I – REGIONAL MULTIPLE REGRESSION MODELS 
 

Separate multiple regression analysis was used to determine the factors that did and did 
not influence changes in water use in northern and southern California.  Multiple regression 
analysis was also used to compare the performance of different smart controller technologies on 
a level playing field because factors that were shown to influence water use could be controlled 
for as much as possible.  All analyses that involved a comparison of one or more factors or 
groups were completed through the multiple regression effort. 

 
Multiple regression analysis allowed the researchers to examine the relationship between 

key site characteristics (such as controller technology) and water savings estimates after 
adjusting for factors known to influence savings such as the application rate prior to installation 
of the smart controller.  

 
Multiple regression models were developed using two approaches.  First, bivariate 

relationships between water use and factors that might be associated were carefully examined.  
Where a significant relationship was observed, the factor was deemed appropriate for inclusion 
in a multiple linear regression model.  Next multiple regression models on theoretical grounds 
using factors the researchers hypothesized could be influential on water savings.  Ultimately, the 
model with the best fit was selected.  Separate models were also developed for northern and 
southern California.   

 
A multiple linear regression model allows the simultaneous examination of the 

association of multiple factors with a single outcome measure of interest, often referred to as the 
dependent variable.  In this instance, the estimated annual percent water savings per site was the 
dependent variable.  The factors examined for an association with the dependent variable are 
referred to as independent or predictor variables.  This simultaneous examination allowed 
researchers to look at a particular association of interest, for example the association of smart 
controller technology, simultaneously adjusted for all the other variables in the model. 

 
Factors with p-values less than 0.05 were considered statistically significant, at the 95% 

confidence level. 
 
The results of the analyses in this study are based on mathematical models and other 

statistical tools that seek to find the center point of a large group of data, or a line that represents 
the best fit between two variables.  Thus, by definition, there will always be data points above 
and below the values predicted by even the best models.  Statistical models often give the 
impression of great precision, however in reality these models seldom predict water savings for 
any specific site very well, but if the fit is good they will usually predict water savings for a large 
group much better.  From the perspective of any planning or policy study that deals with large 
groups, the ability to understand group dynamics (as opposed to individual dynamics) is the key 
to good decision  making. 
 
Northern California Best Fit Multiple Regression Model 
 The independent variables in the model include the installation method (professional vs. 
self), participating water agency (EBMUD used as referent), pre-smart controller application 
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efficiency, climate zone (coastal used as referent), controller brand (Weathermatic used as 
referent).  The dependent variable was the delta application ratio. 
 
Table Appendix I.1: Northern California Multiple Regression Model Summary 

 R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 
Model N Cal .493a .243 .200 .7693 
a. Predictors: (Constant), Toro, Professional, Calsense, Nelson, LawnLogic, Acclima, 
RainMaster, AccurateWeatherSet, SCWA, Irrigation, Irritrol, Hunter, Commercial, SCV, 
inland, CCWD, AquaConserve, PreAR, intermediate, ETWater, ACWD, HydroPoint 

 
Table Appendix I.2: Northern California coefficients and significance of independent 
variables 

Unstandardized 
Coefficients 

Standardized 
Coefficients   

  
B Std. Error Beta t Sig. 

(Constant) .183 .141   1.294 .197 
PreAR -.306 .042 -.400 -7.249 .000 
ACWD .003 .463 .000 .007 .995 
CCWD -.019 .163 -.006 -.119 .906 
SCV 1.026 .207 .329 4.958 .000 
SCWA .071 .313 .011 .225 .822 
Professional .121 .096 .070 1.253 .211 
Irrigation -.060 .241 -.011 -.250 .803 
Commercial -.122 .097 -.062 -1.261 .208 
intermediate -.077 .122 -.036 -.631 .528 
inland -.074 .255 -.016 -.292 .771 
Acclima -.029 .901 -.002 -.032 .974 
AccurateWeatherSet -.298 .472 -.029 -.631 .529 
AquaConserve .487 .157 .189 3.099 .002 
Calsense -.158 .776 -.009 -.204 .838 
ETWater .076 .125 .037 .605 .546 
Hunter -.029 .146 -.011 -.203 .840 
HydroPoint -.056 .186 -.022 -.300 .764 
Irritrol .081 .158 .026 .509 .611 
LawnLogic -3.572 .928 -.205 -3.849 .000 
Nelson -.194 .786 -.011 -.247 .805 
RainMaster .410 .364 .052 1.126 .261 
Toro -.036 .156 -.013 -.231 .817 
a. Dependent Variable: DeltaAR  
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 Only a few factors achieved statistical significance in this model:  Pre-Application Ratio, 
Santa Clara Valley, AquaConserve, and LawnLogic.  The overall fit of the model indicates that 
this model explains about 24.3% of the variability in the northern California changes in water 
use. 
 
Southern California Best Fit Multiple Regression Model 

The independent variables in the model include the installation method (professional vs. 
self), participating water agency (LADWP used as referent), pre-smart controller application 
efficiency, climate zone (coastal used as referent), controller brand (Weathermatic used as 
referent).  The dependent variable was the application ratio change score. 
 
Table Appendix I.3: Southern California Multiple Regression Model Summary 

 R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 
Model N Cal .519a .269 .260 .8173 
a. Predictors: (Constant), Toro, PreAR, HydroEarth, Calsense, ETWater, Goleta, Nelson, 
Irritrol, SantaBarbara, RainMaster, Foothill, Burbank, Eastern, Glendale, SantaMonica, inland, 
InlandEmpire, Western, SDCWA, AccurateWeatherSet, intermediate, Commercial, 
AquaConserve, Professional, HydroPoint 

 
A number of factors achieved statistical significance in this model:  Pre-Application 

Ratio, Foothill, SDCWA (San Diego County), Santa Barbara, Santa Monica intermediate climate 
zone, and Rain Master.  The overall fit of the model indicates that this model explains about 
26.9% of the variability in the southern California changes in water use. 
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Table Appendix I.4: Southern California coefficients and significance of independent 
variables 

  Unstandardized 
Coefficients 

Standardized 
Coefficients 

  B Std. Error Beta t Sig. 
(Constant) .018 .129   .143 .887 
PreAR -.275 .015 -.402 -17.797 .000 
Burbank .275 .181 .057 1.516 .130 
Eastern -.119 .250 -.026 -.475 .635 
Foothill .445 .156 .158 2.842 .005 
Glendale .231 .168 .057 1.379 .168 
Goleta -.096 .173 -.012 -.556 .578 
Inland Empire -.065 .116 -.020 -.555 .579 
Santa Barbara -.240 .112 -.049 -2.140 .033 
Santa Monica .508 .165 .102 3.083 .002 
SDCWA .586 .128 .253 4.568 .000 
Western -.023 .186 -.006 -.125 .901 
Professional .242 .136 .123 1.777 .076 
Commercial -.007 .125 -.002 -.059 .953 
intermediate -.167 .068 -.086 -2.436 .015 
inland .051 .079 .016 .652 .514 
AccurateWeatherSet -.084 .109 -.034 -.778 .437 
AquaConserve .193 .141 .067 1.365 .173 
Calsense .071 .305 .007 .232 .817 
ETWater .956 .831 .023 1.150 .250 
HydroEarth .659 .598 .023 1.103 .270 
HydroPoint .149 .165 .069 .902 .367 
Irritrol .097 .476 .004 .205 .838 
Nelson -.945 .595 -.032 -1.589 .112 
RainMaster .678 .287 .068 2.362 .018 
Toro .176 .234 .022 .754 .451 
a. Dependent Variable: DeltaAR         
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WATER CONSERVATION POTENTIAL OF  
LANDSCAPE IRRIGATION SMART CONTROLLERS 

M. D. Dukes  

ABSTRACT. In the past ten years, smart irrigation controllers have been developed by a number of manufacturers and 
have been promoted by water purveyors in an attempt to reduce excessive irrigation. Legislation has been introduced in 
California and Texas and passed in Florida mandating or incentivizing the use of these controllers. As a result of the in-
terest in smart controllers, their use is increasing in new installations and retrofits of residential and light commercial ir-
rigation systems. A number of controlled research studies using formal experimental design and statistical analyses 
indicate substantial water savings of anywhere from 40% to more than 70% when using these devices; however, real-
world savings in larger pilot-scale projects indicate savings of typically less than 10%. Reasons for the divergence be-
tween the apparent potential savings and the realized savings in pilot projects are related to the lack of: targeting of high 
irrigation users (on either a relative or absolute scale), education for contractors and end users, and timely follow-up to 
assess water savings. In addition, much of the scientific research on smart controllers has been conducted in humid re-
gions where higher potential savings are likely due to irrigation needed only to supplement rainfall. Future pilot projects 
should include comprehensive educational components aimed at irrigation sites with potential irrigation savings based on 
estimated landscape irrigation demand from climatic variables (i.e., high irrigation users). 
Keywords. ET, Evapotranspiration, Irrigation Association, Irrigation controller, Smart Water Application Technologies, 
SMS, Soil moisture sensor. 

mart irrigation controllers are defined by the Irriga-
tion Association as controllers that “estimate or 
measure depletion of available plant soil moisture 
in order to operate an irrigation system, replenish-

ing water as needed while minimizing excess water use. A 
properly programmed smart controller requires initial set-
up and will make irrigation schedule adjustments, including 
run times and required cycles, throughout the irrigation 
season without human intervention” (Irrigation Association, 
2007). Thus, smart controllers measure variables in the irri-
gated system and adjust irrigation control to maintain well-
watered conditions. There are generally two types of smart 
controllers: climatologically based controllers, also called 
evapotranspiration (ET) based controllers,  and soil mois-
ture sensor (SMS) based controllers. Rain sensors (RS) or 
rain switches are another type of control mechanism that is 
discussed in the context of control technologies that re-
spond to weather conditions in the irrigated landscape but 
are not technically controllers. 

The concept of soil moisture based irrigation control is 
not new and has been used in agriculture (e.g., Muñoz-
Carpena et al., 2005; Smajstrla and Locascio, 1996) as well 

as in turfgrass irrigation (Snyder et al., 1984) at least since 
the 1980s. These early efforts typically used switching ten-
siometers, which are relatively simple but require routine 
maintenance for proper performance (Muñoz-Carpena et 
al., 2005). There have been some attempts in landscape ir-
rigation at commercial soil moisture based control using 
electrical resistance (such as gypsum blocks), but these 
products were not successful and never became wide-
spread. Thus, automation based on tensiometers remained 
primarily a research topic and was not widely used com-
mercially. Similarly, automation based on ET estimation 
has been available for more than two decades, with central 
control systems for commercial and golf irrigation that are 
often integrated with on-site weather stations. However, 
these systems continue to be relatively expensive and are 
not appropriate for light commercial or residential land-
scape irrigation. 

In 1996, a study was funded by the American Water 
Works Association Research Foundation (AWWARF, now 
the Water Research Foundation, WRF), called the Residen-
tial End Uses of Water (REUWS) study (Mayer et al., 
1999). In this study, more than 1,000 homes in 12 cities 
across the U.S. were closely monitored (i.e., sub-minute 
logging) for potable water use patterns during two select 
two-week periods to represent summer and winter water 
use (i.e., to capture high and low demand, where high de-
mand includes outdoor use). The goal of the study was to 
assess indoor potable water use within various categories to 
understand where water conservation efforts might be best 
applied. As a byproduct of the study, outdoor use was also 
determined. The largest component of total use was outdoor 
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use, at 58% of the total, most of which was landscape irri-
gation. Inside the home, toilets and clothes washers were 
the largest uses, 11% and 9% of the total, respectively. In 
addition, per capita water use was relatively constant (~261 
L person-1 d-1) in the home despite regional and climatic 
variability. Peak potable water demand is driven by irriga-
tion use. An in-ground irrigation system increased water 
consumption by 35%, and an automatic irrigation timer in-
creased consumption by 47%. Not surprisingly, irrigation 
use was heavily influenced by climate and water price. This 
study quantified the magnitude of the peak demand and to-
tal volume associated with landscape irrigation. 

Smart irrigation controllers targeted at smaller irrigation 
systems (less than 16 zones, but often 4 to 8) have become 
available for the light commercial and residential market. 
The first weather-based controllers (ET controllers) were 
introduced into the western U.S. The earliest documented 
study of ET controllers was in a pilot study in Irvine Ranch, 
California, in 1998-1999, in which standard irrigation con-
trollers (time clocks) were modified to accept an ET signal 
and adjust irrigation accordingly (Hunt et al., 2001). It is 
interesting to note that all of the smart controllers devel-
oped during this time period were from small startup com-
panies. Since that time, the larger manufacturers have 
developed, purchased, or adopted smart control technolo-
gies. 

The Irrigation Association has developed a program, 
Smart Water Application Technologies (SWAT), aimed at 
marketing and incentivizing the use of water-conserving ir-
rigation technologies such as smart controllers (Irrigation 
Association, 2011). As part of the SWAT program, testing 
protocols have been developed to assess the performance of 
ET controllers by measuring irrigation run times for a vir-
tual landscape over a 30-day test based on measured or es-
timated climatic variables by individual controllers. At the 
end of the test, controllers are scored for their irrigation ad-
equacy (measure of under-irrigation) and scheduling effi-
ciency (measure of over-irrigation). A test protocol for rain 
sensors has also been developed, and one for SMS control-
lers is in development. 

This article summarizes the literature reports of smart 
controller testing and performance, ranging from research 
studies to pilot-scale implementations. Differences in re-
ported irrigation savings of various projects will be dis-
cussed along with recommendations for future implementa-
tion of the technology. 

EVAPOTRANSPIRATION-BASED  
CONTROLLERS 

ET-based control systems have been available for many 
years; however, similar to SMS-based control systems, un-
til recently the technology has not been reliable or inexpen-
sive enough for widespread landscape irrigation 
applications. The oldest type of these systems consists of a 
full weather station that interfaces with a controller typical-
ly intended for large irrigated areas, such as golf courses. 
However, a full weather station costs several thousand dol-
lars and requires frequent maintenance for accurate meas-

urements. ET is calculated based on the meteorological pa-
rameters measured by a weather station, and either some 
type of soil water balance (SWB) is calculated continuously 
by the controller or run times are adjusted in real time rela-
tive to historical peak ET (non-SWB controllers). 

There are several approaches to residential and commer-
cial ET-based irrigation control. Common to all of these 
approaches are settings programmed into the controller to 
specify variables from the landscape being irrigated. For 
example, most controllers include settings for variables 
such as plant type, plant density, shade, slope, and sprinkler 
application rate. These variables are used to adjust refer-
ence evapotranspiration (ETo; ASCE-EWRI, 2005) to 
match a particular landscape irrigation zone and calculate 
soil water depletion and run time. Specific techniques vary 
by controller manufacturer, but the basic approach to deriv-
ing ETo is as follows: 

• Signal-based: Meteorological data are collected either 
from publicly available sources or from agreements 
with weather station networks, and ETo is calculated. 
ETo data are then sent to controllers via wireless 
communication. Some controllers are sent weather 
data, and the ETo value is then calculated at the con-
troller. In either case, the ETo value is based on some 
type of point weather data or on a regional interpola-
tion of point data. The ET controller adjusts the irri-
gation run times, watering days, or both according to 
changing climate throughout the year. 

• Historical: This approach for ET controllers uses a 
pre-programmed ETo curve for different regions. To 
qualify as a smart controller, the curve must be modi-
fied by a sensor such as a temperature or solar radia-
tion sensor that measures on-site weather conditions. 
A variation of this approach is common for non-SWB 
controllers. These devices typically adjust user-input 
maximum seasonal run times based on measured cli-
mate variables such as solar radiation and tempera-
ture. The maximum run times should be input based 
on a selection in the controller of maximum seasonal 
daily ET (i.e., the peak of the historical curve). 

• On-site weather measurement: Weather data are 
measured on-site at the controller to calculate ETo 
continuously, and irrigation is adjusted according to 
weather conditions using either a SWB or replacing 
ET since the last irrigation event. 

Application of ETo data varies by manufacturer and 
product. Some devices aim to maintain calculated soil 
moisture content between maximum allowable depletion 
(MAD) and field capacity (FC). The simplest controllers 
are non-SWB devices. Generally, most controllers with any 
type of SWB have settings for the following: 

• Soil type, to define available water holding capacity. 
• Plant type, to adjust ETo to estimated plant ET (ETc). 
• Emission device/application rate, to convert depth of 

ETc to minutes of runtime. 
Some controllers also have settings for percent slope, per-
cent shade, as well as other customizable inputs. 

Table 1 shows a summary of plot-based ET controller 
research results and measured irrigation savings. Davis et 
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al. (2009) showed that ET controllers in a research plot 
study resulted in average irrigation savings of 43% com-
pared to typical homeowner schedules, with no reduction in 
turf quality. Furthermore, savings were 60% in the winter 
months. Devitt et al. (2008) reported that signal-based ET 
controllers reduced irrigation by an average of 20% for 
homes in Las Vegas, Nevada, compared to homes with 
homeowner-scheduled irrigation. However, while 13 of 16 
ET controller homes reduced water use, three of the homes 
actually had increased irrigation. McCready et al. (2009) 
reported ET controller irrigation savings ranging from 25% 
to 63% when compared to a typical homeowner irrigation 
schedule on research plots. 

Davis and Dukes (2012) summarize and review out-
comes of ET controller research in Florida. They found that 
ET controllers can match irrigation application with sea-
sonal demand and in particular reduce irrigation in the win-
ter when plant demands are dramatically reduced. In 
addition, they point out that when ET controllers are ap-
plied to sites irrigating at levels less than plant demand, 
those controllers will likely increase irrigation. Properly ac-
counting for rainfall was a challenge for most of the ET 
controllers tested. 

A number of pilot studies on ET controllers have been 
performed (table 2), with many study details summarized 
by USBR (2008). Hunt et al. (2001) reported 16% savings 
from a pre/post one-year installation study of a prototype 
that was to become the WeatherTRAK controller on 33 
homes in the Irvine Ranch Water District, Irvine, Califor-
nia. Bamezai (2001, according to USBR, 2008) later re-
ported that savings were consistent for two years after the 
initial study. Additional pilot projects have been conducted 
in the western states of the U.S., including Colorado (Aq-
uacraft, 2003), Washington (The Saving Water Partnership, 
2003), Oregon (Griffiths and Olson, 2007, according to 
USBR, 2008), and Arizona (Quanrud and France, 2007, ac-
cording to USBR, 2008). The common link between all of 

these studies is that they were conducted with small num-
bers of homes (<35) and typically compared pre-
installation water use to post-installation use. Often, a sta-
tistical analysis considering random error was not used for 
the comparisons, and in no case were the studies verified 
by an independent third-party review as to the methodology 
used and the soundness of the conclusions. Pittenger et al. 
(2004) conducted a study evaluating several ET controllers 
based on virtual testing of the controllers when they were 
connected to a datalogger to record irrigation cycle times 
based on real weather variability. They found that several 
different brands of ET controllers could roughly adjust irri-
gation schedules over varying climate periods for different 
types of landscapes, but the performance varied substantial-
ly based on specific controller programming. 

Two studies evaluated ET controller performance over 
larger numbers of homes and commercial installations (ta-
ble 2). Kennedy/Jenks Consultants (2008) reported results 
for 1,222 residential and commercial sites in Orange Coun-
ty, California, that had ET controllers installed. Eight 
brands of devices were installed without any apparent ra-
tionale except to include multiple brands. The controllers 
were distributed through rebate programs without assessing 
water use patterns on individual sites. Pre- and post-
installation water use was analyzed while accounting for 
weather differences between the two time periods. Of the 
residential sites, 33% had a significant decrease in water 
consumption, 18% had an increase in water consumption, 
and 50% had no change. Overall savings was 3.9% and in-
creased to 7.6% when considering only sites with a signifi-
cant change. In a similar review of ET controller 
performance in northern and southern California pilot-scale 
implementations, Mayer et al. (2009) evaluated the pre- and 
post-installation water use of 2,294 smart controllers. 
Overall, ET controllers reduced irrigation by 6.1%; howev-
er, it was found that 56.7% of the sites were responsible for 
a significant decrease in irrigation application, while 41.8% 

Table 1. Summary of smart irrigation controller studies and irrigation savings in plot-scale scientific studies. 

Study Technology[a] Conditions 
Savings 

(%) 
Statistical 

Comparison 

Irrigation Savings 
Comparison[b] 

(mm) Comments 

Qualls et al., 2001 SMS Landscapes 26 Yes 726 Based on estimated net irrigation 
requirement. 

Cardenas-Lailhacar 
and Dukes, 2008 RS Virtual 3 to 44 Yes 818 Based on recommended 2 d week-1 

schedule. 
Cardenas-Lailhacar 

et al., 2008 
SMS Bermudagrass  

turf plots 
72 

Yes 1,514 Normal rainfall conditions every 2 to 3 
days. RS 34 

Davis et al.,  
2009 

ET 
St. Augustine  

grass turf plots 

47 

Yes 
840 95% to 100% irrigation efficiency settings.

RS 24 
ET 37 

1,424 80% irrigation efficiency settings. 
RS 21 

McCready et al.,  
2009 

SMS 
St. Augustine  

grass turf plots 

38 
Yes 1,185 Drought conditions with extended dry 

periods. ET 32 
RS 19 

Vasanth et al.,  
2007 

SMS Fescue  
turfgrass plots 

33 
Yes 448 

Compared to an on-demand SMS system. 

ET -26 Attributed to drier than normal conditions 
and overestimated ETo. 

Cardenas-Lailhacar  
et al., 2010 

SMS Bermudagrass  
turf plots 

34 Yes 602 Drought conditions with extended dry 
periods. RS 13 

[a] ET, SMS, and RS indicate evapotranspiration-based controllers, SMS-based controllers, and rain sensors, respectively. 
[b] Irrigation savings is typically in comparison to a time clock schedule that is either typical or recommended for the region. 
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were responsible for a significant increase. The sites with 
increased water use after the installation of a controller 
were sites that historically irrigated less than the theoretical 
landscape irrigation requirement. 

SOIL MOISTURE SENSOR BASED  
CONTROLLERS 

Two types of control methodologies use soil moisture 
sensor (SMS) controllers. The simplest is known as bypass 
control, in which an SMS controller is connected in series 
with a timer to control solenoid valves. In bypass control, 
the SMS controller has a user-adjustable threshold setting 
such that the scheduled time-based irrigation event is by-
passed if the soil moisture content exceeds the user-
adjustable threshold. It should be noted that the simplest 
SMS-based controllers operate in interrupt mode, whereby 
the sensor interrupts the control circuit as soon as soil mois-
ture exceeds the adjustable threshold. 

In recent years, research has accelerated on bypass SMS 
control systems for landscapes (table 1). Cardenas-
Lailhacar et al. (2008) showed average irrigation savings of 
72% with four brands of SMS controllers relative to home-
owner irrigation schedules with a timer. These same four 
SMS controllers had savings of 34% under dry conditions 
(Cardenas-Lailhacar et al., 2010). Irrigation savings in the 
same region under relatively dry conditions ranged from 
11% to 53% under optimum threshold settings but still 
showed that wasted irrigation due to excessive homeowner 
schedules can be reduced while maintaining good turfgrass 
quality (McCready et al., 2009). Ideally, soil moisture sen-

sors should be installed in the root zone for each irrigation 
zone. If the sensor system contains only one soil moisture 
probe, then that probe should be installed in the irrigation 
zone that will need irrigation most frequently, and the run 
times of all other irrigation zones should be reduced to min-
imize overwatering. In such a system, the irrigation zone 
with the sensor acts as an indicator of whether the entire 
landscape will receive irrigation. In practice, bypass-
configured SMS systems in which only one sensor controls 
the entire irrigation system (e.g., on homes in southwest 
Florida) have been shown to reduce irrigation by 65% 
compared to homes with only timers (Haley and Dukes, 
2012). Cardenas-Lailhacar and Dukes (2012) present a de-
tailed summary and review of SMS research. As can be 
seen in table 2, there have been no substantially sized pilot-
scale SMS irrigation controller projects to date, and few 
demonstration projects compared to ET controllers. 

Programming of a bypass soil moisture sensor controller 
requires input of a run time into a time-based schedule. 
This run time should not exceed the water-holding capacity 
of the soil, defined as the difference between the threshold 
capacity programmed in the SMS controller and the field 
capacity. Ideally, frequent irrigation events should be pro-
grammed into the irrigation timer, and the sensor will allow 
irrigation as conditions in the root zone dictate in response 
to rainfall and ET. For example, if peak annual weekly ETc 
for a site is 100 mm week-1, and the maximum allowable 
depletion of the soil/plant system is 38 mm, then the net ir-
rigation for any particular cycle should not exceed 38 mm. 
For a given week, 2.7 cycles (three cycles in practice) are 
required to meet ET demands. In regions where unpredict-

Table 2. Summary of smart irrigation controller pilot tests and irrigation savings in home/commercial landscapes. 

Study Technology[a] Conditions 
Savings 

(%) 
Statistical 

Comparison[b]
Irrigation Savings

Comparison[c] Comments 

Hunt et al., 2001 ET 33 residential 
landscapes 16 Yes Adj. pre-install 

usage Top 23% of water users selected. 

Bamezai, 2001[d] ET 34 residential 
landscapes 18 Yes Adj. pre-install 

usage 
Additional year on Hunt et al. (2001) study 
as reported by USBR (2008). 

Aquacraft, 2003 ET 10 residential 
landscapes 19-21 No Adj. pre-install 

usage Applied 1% to 5% less than ETo. 

The Saving Water 
Partnership, 2003 ET 35 residential 

landscapes 
Not 

reported No Adj. pre-install 
usage 10 to 21 kgal year-1. 

Pittenger et al.,  
2004 ET Virtual 

landscapes Variable No  Compared to estimated plant water re-
quirements. 

MWDOC and  
IRWD, 2004 ET 

97 residential 
landscapes 10 

Yes Adj. pre-install 
usage High users not targeted. 15 commercial 

landscapes 21 

Griffiths and Olson, 
2007[d] ET 29 public and 

commercial sites 41 Unknown Pre-install 
usage As reported by USBR (2008). 

Allen, 1997 SMS 26 residential 
landscapes 10 No Nearby non-SMS 

landscapes  

Quanrud and France, 
2007[d] ET and SMS 27 residential 

landscapes 3 to 25 Unknown Adj. pre-install 
usage As reported by USBR (2008). 

Kennedy/Jenks 
Consultants, 2008 ET 1,222 residential/ 

commercial sites 
3.9 Yes Adj. pre-install 

usage 
High users not targeted. 

7.6 Sites with only a significant water savings.

Mayer et al., 2009 ET[e] Residential  
landscapes 6.1 Yes ETo-effective  

rain estimate High users not targeted. 
[a] ET and SMS indicate evapotranspiration-based and SMS-based controllers, respectively. 
[b] “Statistical comparison” denotes studies using analysis of variance or other measures to account for inherent variability.  

Note that none of the studies with statistical comparisons included a third-party review process that controlled publication. 
[c] “Adj. pre-install usage” indicates a weather-adjusted comparison to pre-installation water use. 
[d] According to USBR (2008). 
[e] One SMS controller in the entire study. 
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able rainfall occurs in the irrigation season or where soils 
do not have sufficient storage, the 38 mm net irrigation cy-
cle should be divided into multiple events per day to pro-
vide a buffer in the soil as storage for rainfall. 

The second type of soil moisture control is on-demand 
control, in which the soil moisture based irrigation control 
system consists of a stand-alone controller and multiple soil 
moisture sensors. This SMS controller completely replaces 
the timer. On-demand soil moisture based control utilizes 
high and low limits such that irrigation occurs only within 
those limits. Thus, the water content level at the maximum 
allowed depletion level or reduction in water extraction 
point would be the low or irrigation initiation threshold, 
and field capacity or just below would be the upper thresh-
old signaling irrigation termination. Although the perfor-
mance of all SMS control systems depends on sensor 
installation, extra care must be taken with an on-demand 
system to ensure that excessively low or high irrigation 
amounts do not occur. The irrigation manager should track 
this type of system after initial installation and make ad-
justments as needed. Many of these systems include data 
logging capability; therefore, soil water status can be 
tracked for excessive values. This type of system is typical-
ly an order of magnitude more expensive than bypass con-
trollers and is warranted only on larger residential and 
commercial landscapes. 

RAIN SENSORS 
Another type of device that has been used in landscape 

irrigation for many years is a rain sensor, sometimes called 
a rain switch. While not considered a smart controller, such 
as SMS and ET based controllers, a rain sensor interrupts 
the signal between the timer and solenoid valves in re-
sponse to rainfall. These devices may consist of a cup that 
captures rainfall and either uses weight in the cup or de-
pends on water in the cup to conduct an electrical signal. 
More common, however, is the expanding-disk rain sensor 
that uses hygroscopic disks to open a switch in the solenoid 
valves’ electrical circuit when the disks expand in response 
to wetting. On traditional time clocks, rain sensors are 
wired to interrupt the valves’ common wire when activated. 
These devices can be connected and in fact are used as 
standard equipment on some ET controllers to respond to 
on-site rainfall. 

Most expanding-disk sensors have adjustable setpoints 
to cause an open circuit (i.e., irrigation interruption) at dif-
ferent amounts of rainfall. These devices can be useful in 
humid regions where irrigation only supplements rainfall to 
satisfy plant water demands. Cardenas-Lailhacar and Dukes 
(2008) showed that one type of expanding-disk rain sensor 
was relatively accurate at interrupting irrigation at three 
setpoints. They calculated the payback of this technology 
as less than a year with relatively inexpensive potable water 
costs. However, they pointed out that on numerous occa-
sions sensors responded erratically to rainfall or even high 
humidity conditions. In subsequent long-term monitoring 
of rain sensors, Meeks et al. (2012) found that their accura-
cy averaged 62%, and some brands needed replacement 

each year for optimum performance. Rain sensor savings as 
high as 34% have been documented under rainy conditions 
in a humid climate (Cardenas-Lailhacar et al., 2008). Dur-
ing dry conditions, savings lower than 10% were found in 
one study (McCready et al., 2009) and 15% to 20% in an-
other (Davis et al., 2009). SMS devices generally result in 
two to three times more savings than expanding-disk rain 
sensors (Cardenas-Lailhacar et al., 2008; McCready et al., 
2009; Davis et al., 2009). Most of the time, drying of the 
wetted disks allowed irrigation within 24 h of interruption 
at a recommended setpoint of 6 mm and within 48 h when 
the disks were completely dry regardless of the setpoint 
(Cardenas-Lailhacar and Dukes, 2008). 

SUMMARY 
Automation of landscape irrigation scheduling by smart 

controllers promises to improve convenience and minimize 
irrigation application while balancing high landscape quali-
ty. However, ET controllers have been found to increase ir-
rigation application (Mayer et al., 2009) when the 
controllers were installed on sites that were already deficit 
irrigated. Devitt et al. (2008) reported increased water use 
on several sites as well. This phenomenon may be isolated 
to ET controllers since they are designed to provide well-
watered conditions, unlike bypass SMS controllers that by-
pass irrigation cycles beyond a given soil water threshold. 
There have been cases in which SMS controllers were im-
properly installed in non-representative landscape areas 
(i.e., extremely dry or wet locations) and either did not re-
sult in water savings or did not allow irrigation. Potential 
smart controller sites should be screened to ensure correct 
application of the technology where potential irrigation 
savings exist (e.g., where over-irrigation is occurring). Fig-
ure 1 shows an example of customer screening on a current 
project by the author’s research group in Orange County, 
Florida, where estimated single-family home irrigation is 
compared to the gross landscape irrigation requirement. 
The irrigation system must be designed adequately and 
function properly before any smart technology is used. In 
particular, obvious problems, such as sprinkler target ad-
justment and leaks, should all be repaired before installing 
a smart controller. Significant irrigation savings have been 
documented from the proper use of smart technologies in 
arid regions, and especially in humid regions where irriga-
tion supplements rainfall. One commonality between ET 
and SMS irrigation controllers is that either type of system 
will likely need fine-tuning after initial installation to 
achieve maximum potential water conservation benefits. 
Suggestions for future implementation of the technology 
include: 

• Identify “over-irrigators” based on an index using 
landscape ET estimation and effective rainfall (see 
fig. 1). 

• Offer retrofits or rebates to “over-irrigators” in pref-
erence to other users. 

• Implement educational programs, particularly for 
contractors but also for end users. 
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• Conduct routine monitoring to verify anticipated wa-
ter savings occur. 

Research studies conducted by universities result in 
peer-reviewed publications by an unbiased third party. 
Therefore, the results can be counted on to include statisti-
cal analysis and to be vetted by experts in the field. How-
ever, these studies are typically not representative of the 
larger population involved as irrigation customers of a utili-
ty. As a result, the reported irrigation savings results will 
likely not transfer directly. Larger-scale demonstration pro-
jects, such as those reported by Kennedy/Jenks Consultants 
(2008) and Mayer et al. (2009), use large populations to 
compare water use before and after smart controller instal-
lation using accepted statistical practices. However, there is 
no guarantee that the irrigation practices in the “before” 
case are representative; furthermore, it is likely that the 
population with controllers is not representative of the utili-
ty’s broader customer population. Finally, smaller-scale 
demonstration projects with no assessment of irrigator pro-
file nor statistical analysis of results have little value since 
the irrigation savings are not reported in the context of the 
variation inherent in utility customer data. Future work 
should include demonstrations at a broad scale (hundreds of 
users or more) to determine the actual water conservation 
potential of smart controllers. 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

E X E C U T I V E  S U M M A R Y  

In September 2008, the Bay Area Water Supply and Conservation Agency (BAWSCA) initiated work on the 
development of the Water Conservation Implementation Plan (WCIP or Plan). The goal of the WCIP, as 
defined at that time, was to: 

Develop an implementation plan for BAWSCA and its member agencies to attain the water 
efficiency goals that the agencies committed to achieving in 2004 as part of the Program 
Environmental Impact Report for the Water System Improvement Program.  

On October 31, 2008 the San Francisco Public Utilities Commission (SFPUC) made the decision to limit the 
volume of water that the member agencies could purchase from San Francisco Regional Water System to 
184 million gallons per day (MGD) until at least 2018. As a result of this decision by the SFPUC, it has been 
estimated that the BAWSCA member agencies must save up to an additional 10 MGD by 2018 in order to 
continue to meet customer needs. Therefore, in response to this SFPUC “Interim Supply Limitation” of 
184 MGD, the goal of the WCIP was expanded to: 

Identify how BAWSCA member agencies could use water conservation as a way to 
continue to provide reliable water supplies to their customers through 2018 given the 
184 MGD Interim Supply Limitation. 

Pursuant to the above goals, the specific objectives of the WCIP are as follows: 
1. Assist BAWSCA member agencies in evaluating the potential water savings and cost-effectiveness 

associated with implementing additional water conservation measures, beyond what they had 
committed to in 2004;  

2. Determine the potential water savings in 2018 and 2030 associated with implementing a selected suite 
of new conservation measures, in addition to the 2004 water conservation commitments;  

3. Determine BAWSCA’s role in assisting the member agencies in achieving their individual water 
conservation goals; and  

4. Develop a coordinated, regional plan for implementing water conservation which serves as a guideline 
for the BAWSCA member agencies to implement specific, new water conservation measures to meet 
both the water conservation savings they committed to in 2004, as well as up to an additional 10 
MGD of savings. Under the assumption that a specific suite of water conservation measures are 
implemented, the WCIP provides information as to who (i.e., BAWSCA, the member agencies, or 
Santa Clara Valley Water District (SCVWD), etc.) should implement what conservation measure or 
program, and when they should implement each measure or program in order to achieve the specified 
water savings goals.   

Background 

In preparation for the SFPUC Water System Improvement Program (WSIP) Program Environmental Impact 
Report (PEIR), the SFPUC, in conjunction with BAWSCA and its member agencies, completed three 
planning studies to estimate the future water demand and conservation potential for each of the BAWSCA 
member agencies: 
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 Wholesale Customer Water Demand Projections Technical Report (URS, November 2004);  

 Wholesale Customer Water Conservation Potential Technical Report (URS, December 2004); and 

 Wholesale Customer Recycled Water Potential Technical Memorandum (RMC, December 2004).  

Based on the 2004 SFPUC Technical Reports, the BAWSCA member agency demand was projected to be 
209 MGD from the SFPUC system in 2030, after accounting for the following:  

 25 MGD of conservation savings that would naturally occur within the BAWSCA service area as a 
result of implementation of existing plumbing codes; and 

 23 MGD of conservation savings and recycled water use that the BAWSCA member agencies 
committed to including:  

− 10.43 MGD of recycled water, which includes both existing and planned projects.  

− 12.77 MGD of water conservation that is in various stages of planning and implementation.  

In October 2007, BAWSCA committed to saving an additional 10 MGD of water purchased from the 
SFPUC by 2030 as part of its comments on the SFPUC Draft PEIR for its WSIP. As such, the BAWSCA 
member agencies’ demand for SFPUC water is projected to be 199 MGD in 2030. 1   

In October 2008, as part of its adoption of the WSIP PEIR, the SFPUC unilaterally selected a water supply 
option (i.e., the WSIP Variant) that established an Interim Supply Limitation of 184 MGD for the BAWSCA 
member agencies until at least 2018. This change in the WSIP accelerates the timeframe by which the 
BAWSCA member agencies are required to achieve the additional 10 MGD of conservation savings 
(i.e., those savings now had to be achieved by 2018 rather than 2030 in order to keep BAWSCA member 
agency purchases from SFPUC below 184 MGD). BAWSCA, in coordination with its member agencies, 
prepared this Water Conservation Implementation Plan in 2009 to identify additional water conservation measures 
that the member agencies could potentially implement to achieve the water savings necessary to keep their 
collective purchases from the SFPUC below 184 MGD until 2018. 

WCIP Development Process 

The WCIP was developed jointly with BAWSCA, its member agencies, and the SCVWD. Additional input 
was provided by the Pacific Institute. Collectively these parties are referred to herein as the “Working 
Group”. A series of meeting and workshops were held with the Working Group to solicit input on the WCIP 
development process. In addition, a series of technical memoranda were produced to inform the 
development of the WCIP. These technical memoranda were reviewed by the Working Group and their 
comments are incorporated into the WCIP and this report. 

As part of the WCIP development, population and employment projections for the BAWSCA member 
agencies were updated using primarily Association of Bay Area Governments (ABAG) 2007 data. Total water 
demand projections, before and after plumbing code savings, were also updated utilizing the new ABAG 
2007 population and employment projections. 

The Demand Side Management Least Cost Planning Decision Support System (DSS model), was used to 
estimate the future conservation potential for each of the BAWSCA member agencies. The conservation 
savings associated with the water conservation commitments made by the BAWSCA member agencies 
in 2004 were updated with actual implementation activity since 2004, to the extent that that information was 

                                                      

1 BAWSCA Annual Survey FY 2006-2007. 
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available. As described in more detail below and in Section 3, the result of the modeling effort and the 
Working Group discussions was the selection of five new water conservation measures that the BAWSCA 
member agencies agreed to evaluate for implementation and the associated water savings potential, in 
addition to the water conservation commitments they made in 2004. A subset of the member agencies elected 
to begin implementation of selected water conservation measures as part of a BAWSCA regional program, at 
least at some level. The WCIP presents the framework for how BAWSCA will work together with its member 
agencies to implement a regional water conservation program for the next three years, and provides a detailed 
implementation plan including budget for Year 1 (fiscal year [FY] 2010). 

WCIP Regional Results 

Population and Employment Projections. As part of the WCIP, population and employment projections 
for the BAWSCA agencies were updated using primarily ABAG 2007 data. Total water demand estimates, 
before and after plumbing code savings, were also updated utilizing the new population and employment 
projections. Based in the analyses conducted as part of this effort, population and employment are projected 
to grow by less than one percent per year between 2001 and 2030. Likewise, over the same period, water 
demands are projected to increase by 0.7 percent per year after accounting for the effects of the existing 
plumbing code. These results are shown in Tables ES-1 and ES-2. 

New Water Conservation Measures Selected for Evaluation. Based on input from the Working Group, the 
following five new conservation measures were evaluated to assess if, through aggressive implementation of 
these measures, the BAWSCA member agencies could save up to 10 MGD by 2018, in addition to the water 
conservation measures and savings that they had committed to in 2004. The five new measures include: 

 NM-1: High-efficiency Toilet (HET) Rebate Program 

 NM-2: Education/ Training Program for Residential Landscape Water Use Efficiency 

 NM-5: High-efficiency Washing Machine (HEW) Rebates  

 NM-6: New Building Indoor Water Efficiency Regulations 

 NM-7: New Building Landscape Water Efficiency Regulations 

Each of these new conservation measures were incorporated into the individual BAWSCA member agency 
DSS models with the corresponding regional cost and savings results for 2018 and 2030 as shown in 
Table ES-3 and ES-4. 

In order to achieve the water conservation targets identified herein, and the associated water savings, 
BAWSCA and its member agencies will likely have to increase their water conservation budgets, information 
campaigns, and other mechanisms to increase program visibility and participation. In addition, to achieve the 
necessary penetration rates associated with the selected conservation measures, it may be necessary for 
BAWSCA and its member agencies to consider program changes to increase customer response. For 
example, with the HET program, BAWSCA and its member agencies may want to consider augmenting the 
rebate program with a give-away program, or other, more aggressive HET replacement programs. 

BAWSCA’s Water Conservation Implementation and Financing Plan  

Discussions with the Working Group resulted in the development of a plan to guide implement the 
conservation measures within the BAWSCA agency service areas. The plan was developed in accordance with 
the following key principles:  

 BAWSCA regional conservation programs are paid for by those agencies that benefit from their 
implementation; 
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 BAWSCA regional conservation programs reduce the administration costs for the participating agency 
compared to the agency implementing the program on its own; and  

 BAWSCA regional conservation programs are designed to complement, rather than compete with, 
existing agency programs.  

Based on member agency input, a Water Conservation Implementation and Financing Plan was developed 
that is based on a two tier program that offers Core Programs and Subscription Programs. In addition to an overall 
plan, the Working Group also identified the specific actions that BAWSCA would take during FY2009-2010 
to support the implementation of the water conservation measures pursuant to both the Core and 
Subscription Programs (i.e., the Year 1 Plan). 

 The Core Program is funded through the annual BAWSCA budget and contains those conservation 
measures that benefit from regional implementation and that provide regional benefit, irrespective of 
individual agency jurisdictions. The BAWSCA Year 1 Plan Core Program includes: 

− Regional Program Management and Coordination with Wholesale Agencies 

− Developing Regional Partnerships 

− Pursuing Grants or Other Financial Support  

− Providing Technical Support and Training 

− Developing Template New Building Indoor and Outdoor Water Efficiency Regulations (New) 

− Best Management Plan (BMP) and Urban Water Management Plan (UWMP) Reporting 
Support 

− Legislative Policy Support 

− Design and Implementation of a Regional Public Information Program (New) 

− Education/Training Program for Residential Landscape Water Use Efficiency (Expanded) 

 The Subscription Program is fully funded by the individual agency that elects to participate in the 
program based on their participation level and includes conservation measures whose benefits can be 
realized in individual water agency service areas. The BAWSCA Year 1 Plan Subscription Program 
includes: 

− School Education Program (Expanded) 

− Bulk Purchase Residential Retrofit Kits (New) 

− HET Rebates (Expanded) 

− High-efficiency Clothes Washer Rebates (Expanded) 

− Residential Weather Based Controller Rebates (New -Design Phase Only) 

− Bulk Purchase of Pre-Rinse Spray Valves (New) 

− Commercial Surveys (New - Design Phase Only) 

− Large Landscape Water Budgets (Existing) 
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Conclusions and Next Steps 

Based on the WCIP development and analysis process, BAWSCA and its member agencies identified five 
new water conservation measures, which, if implemented fully throughout the BAWSCA service area could 
potentially save an additional 8.4 MGD by 2018 (and 12.5 MGD by 2030), as shown in Table ES-3 and ES-4. 
While the projected water savings are less than the 10 MGD by 2018 goal, based on the revised water 
demand projections, BAWSCA believes that the identified water conservation savings and other actions will 
still be sufficient to keep the collective purchases from the SFPUC below 184 MGD by 2018.  

At this time, no formal commitment has been made at the individual agency level to implement the new water 
conservation measures that were evaluated as part of the WCIP, or for achieving additional conservation 
savings beyond the 2004 savings commitments. However, several member agencies have elected to participate 
in the BAWSCA regional programs at some level and BAWSCA intends to work with individual member 
agencies to incorporate the savings identified in the WCIP into their future water supply portfolios with the 
goal of maintaining collective SFPUC purchases below 184 MGD by 2018.  

BAWSCA recognizes that actual implementation of water conservation to achieve the identified water savings 
goal must be managed in an adaptive fashion, making both small and large program changes as needed over 
time, to ensure that the water savings goals are met. BAWSCA further recognizes that the member agencies 
may be able to achieve the identified 8.4 MGD (and up to 10 MGD) of water savings by alternate 
mechanisms than those identified herein. For example, agencies may select to implement various water 
conservation measures individually, through the BAWSCA regional program, or through other regional 
efforts (e.g., the SCVWD program) or other sub-groups. Additional clarification regarding individual 
agencies’ commitments to a specific conservation plan and associated conservation savings are anticipated to 
occur when individual agencies complete their respective UWMPs, which are due to the California 
Department of Water Resources (DWR) by December 2010. 

A critical component of successful implementation of the WCIP and any other conservation programs 
initiated by the BAWSCA’s member agencies will be the monitoring and tracking component such that actual 
implementation (and the associated water savings) can be measured against the targets. An effective tracking 
tool better also enables adaptive management both at the local and regional level. BAWSCA will develop such 
a tracking tool as part of the Year 1 Plan.  
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Table ES-1. Comparison of Population and Employment between 2004 and 2008 Studies 
 2030 DSS Population 2030 DSS Employment 
2004 Study 1,933,829 1,488,566 

2008 Study 2,054,820 1,559,154 
Difference between 2004 and 2008 Population and 
Employment Estimates for 2030  120,991 70,588 

Percent Difference between 2004 and 2008 
Population and Employment Estimates for 2030 6% 5% 

 

Table ES-2. Total BAWSCA Demand Projections 
Base 
Year 

(MGD) 
Total BAWSCA Demand Projections  

(MGD) 
Demand 

Increase from 
2001 to 2030 Dataset 

2001 2005 2010 2015 2020 2025 2030 2035 MGD Percent 
2004 DSS Model Demand Projections 
Absent Conservation, (without Plumbing Codes) 272 285 300 313 326 337 349 NA 77 28 

2004 DSS Model Demand Projections 
Absent Conservation, (with Plumbing Codes) 272 282 292 299 308 315 324 NA 52 19 

2008 DSS Model Demand Projections 
Absent Conservation, (without Plumbing Codes) 272 271 286 302 322 339 356 373 84 31 

2008 DSS Model Demand Projections 
Absent Conservation, (with Plumbing Codes) 272 268 278 289 302 314 326 341 54 20 

 

Table ES-3. Program-Specific Conservation Evaluation Results for BAWSCA Member Agencies through 2018 

Conservation Program 

2018 Water Savings 
due to Conservation 

Programs  
(MGD)3 

2018 Outdoor Water 
Savings due to 
Conservation 

Programs  
(MGD) 3 

Present Value of Water 
Utility Costs ($1,000) 

through 20182 

Water Utility 
Benefit-Cost Ratio 

through 20182 

Water Utility Cost of 
Water Saved 
through 2018 

($/AF)2 

Present Value of 
Community Costs 

($1,000) through 20182 

Community Benefit-
Cost Ratio through 

20182 

Community Cost 
of Water Saved 
through 2018  

($/AF)2 

Total Potential Water 
Savings in 2018 

 (MGD) 3 

Incremental 
Increase in Savings 

(MGD) 3 
Plumbing Code1 NA NA NA NA NA NA NA NA 16.5 NA 
Baseline Conservation (2004 measures) 9.4 4.9 $44,148 2.3 $397 $72,519 1.9 $652 25.9 9.4 
Updated Conservation (2004 and 2008 measures) 17.8 6.5 $88,394 1.7 $550 $280,609 0.8 $1,747 34.4 8.4 

1Plumbing code savings represent water use savings associated with the natural replacement of plumbing fixtures with water-efficient models (i.e., toilets, showerheads, and washing machines). 
2Benefits and costs in 2001 dollars 
3 Water savings based on measures were believed to be appropriate for the area in 2009. Water savings estimated were based on best available information at the time of the study. Actual water savings may be higher or lower than stated in this report for a variety of reasons.  

 

Table ES-4. Program-Specific Conservation Evaluation Results for BAWSCA Member Agencies through 2030 

Conservation Program 

2030 Water Savings 
due to Conservation 

Programs  
(MGD)3 

2030 Outdoor Water 
Savings due to 
Conservation 

Programs  
(MGD) 3 

Present Value of Water 
Utility Costs ($1,000) 

through 20302 

Water Utility 
Benefit-Cost Ratio 

through 20302 

Water Utility Cost of 
Water Saved 
through 2030 

($/AF)2 

Present Value of 
Community Costs 

($1,000) through 20302 

Community Benefit-
Cost Ratio through 

20302 

Community Cost of 
Water Saved 
through 2030 

($/AF)2 

Total Potential 
Water Savings 

 in 2030  
(MGD) 3 

Incremental 
Increase in Savings 

(MGD) 3 
Plumbing Code1 NA NA NA NA NA NA NA NA 29.4 NA 
Baseline Conservation (2004 measures) 10.5 6.3 $55,803 3.4 $227 $90,320 2.8 $367 39.9 10.5 
Updated Conservation (2004 and 2008 measures) 23.0 9.9 $103,528 3.3 $235 $426,081 1.2 $968 52.4 12.5 

1Plumbing code savings represent water use savings associated with the natural replacement of plumbing fixtures with water-efficient models (i.e., toilets, showerheads, and washing machines). 
2Benefits and costs in 2001 dollars3 Water savings based on measures were believed to be appropriate for the area in 2009. Water savings estimated were based on best available information at the time of the study. Actual water savings may be higher or lower than stated in this report for a variety of reasons.
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

1 .  I N T R O D U C T I O N  

This BAWSCA WCIP Final Report summarizes the WCIP development process and the five new water 
conservation measures that were evaluated for implementation and the associated water savings potential. 
This report also outlines BAWSCA’s plan to implement specific water conservation programs during the 
upcoming fiscal year of July 1, 2009 through June 30, 2010 (i.e., the Year 1 Plan).  

1.1 Collaboration between BAWSCA, Member Agencies and 
Public Partners 

The WCIP was developed as a collaborative process between the Project Team (Maddaus Water 
Management [MWM] and Brown and Caldwell [BC]), BAWSCA staff, the BAWSCA member agencies, and 
“public partners”. BAWSCA member agencies provided input to the WCIP through two different groups: 
(1) the “Project Working Group”, which was comprised of a representative from each BAWSCA member 
agency and the SCVWD, and (2) the “Technical Advisory Committee”, which is comprised of a designated 
representative from each BAWSCA member agency and serves as an advisor to the BAWSCA Chief 
Executive Officer. As a “Public Partner”, the Pacific Institute was also involved in the development of the 
WCIP and reviewed draft technical memorandums and provided comments and suggestions on these 
documents. 

During development of the WCIP, input was solicited from the above groups in multiple forums, including 
participation in meetings and facilitated workshops, the submission of technical information for use in 
individual agency DSS model updates and the Regional Conservation Program Shared Vision Model, and 
review and comment on draft work products. More details on the involvement of all parties that helped 
design the content and budget for the WCIP and the Year 1 Plan are provided in Section 10. 

1.2 Relationship of WCIP to Historical Planning Efforts  
In preparation for the SFPUC WSIP PEIR, the SFPUC, in conjunction with BAWSCA and its member 
agencies, completed three planning studies in November 2004 to estimate the future water demand and 
conservation potential for each of the BAWSCA member agencies. These studies are collectively referred to 
herein as the 2004 SFPUC Technical Reports:  

 Wholesale Customer Water Demand Projections Technical Report (URS, November 2004);  

 Wholesale Customer Water Conservation Potential Technical Report (URS, December 2004); and 

 Wholesale Customer Recycled Water Potential Technical Memorandum (RMC, December 2004).  

Two of the 2004 SFPUC Technical Reports relied on an end-use model developed by MWM, the Demand 
Side Management Least Cost Planning DSS model, to estimate the future water demand and conservation 
potential for each of the BAWSCA member agencies. As part of this effort, each BAWSCA member agency 
selected a preferred set of conservation measures and made a commitment of conservation savings and 
recycled water use that aligned with their 2030 water purchase estimates from the SFPUC.  

Based on the 2004 SFPUC Technical Reports, the BAWSCA member agencies, as a collective, agreed to the 
following:  
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 25 MGD of conservation savings that were assumed to naturally occur within the BAWSCA service 
area as a result of implementation of existing plumbing codes;  

 23 MGD of conservation savings and recycled water use that the BAWSCA member agencies 
committed to including:  

− 10.43 MGD of recycled water, which includes both existing and planned projects.  

− 12.77 MGD of water conservation that is in various stages of planning and implementation.  

In 2006, the SFPUC released another planning study called Regional Water Supply Option Number 4 
(RWSO4) that utilized the BAWSCA agency DSS Models. The primary goal of RWSO4 was to identify new 
conservation, recycling, and renewable groundwater projects that, together with existing supplies, would meet 
SFPUC system-wide normal year demand of 300 MGD in the year 2030.  

Projects included in RWSO4 were designed to complement demand management and other water supply 
projects that are already being planned and funded by SFPUC and its wholesale customers at the local level. 
The 2006 RWS04 study identified additional water conservation measures that would be cost-effective to 
implement beyond the 32 measures included in the 2004 SFPUC Technical Reports. The information 
developed in 2006 as part of the RWSO4 was incorporated as the starting point for the development of the 
WCIP. 

In October 2007, BAWSCA committed to saving an additional 10 MGD of water purchased from the 
SFPUC by 2030 as part of its comments on the SFPUC Draft PEIR for its WSIP. As such, the BAWSCA 
member agencies’ demand for SFPUC water was projected to be 199 MGD in 2030.1  

In October 2008, as part of its adoption of the WSIP PEIR, the SFPUC unilaterally selected a water supply 
option (i.e., the WSIP Variant) that established an Interim Supply Limitation of 184 MGD for the BAWSCA 
member agencies until at least 2018.  

1.3 WCIP Goals and Objectives 
The goal of the WCIP, as defined at the initiation of the effort, was to: 

Develop an implementation plan for BAWSCA and its member agencies to attain the water 
efficiency goals that the agencies committed to achieving in 2004 as part of the Program 
Environmental Impact Report for the Water System Improvement Program.  

As described above, in October 2008 the SFPUC established the Interim Supply Limitation, which meant that 
the BAWSCA member agencies now needed to save an additional 10 MGD by 2018 in order to continue to 
meet customer needs. Therefore, in response to this SFPUC Interim Supply Limitation of 184 MGD, the 
goal of the WCIP was expanded to: 

Evaluate how BAWSCA member agencies could use water conservation as a way to continue 
to provide reliable water supplies to their customers through 2018 given the 184 MGD 
Interim Supply Limitation. 

                                                      

1 BAWSCA Annual Survey FY 2006-2007 
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Pursuant to the above goals, the specific objectives of the WCIP are as follows: 
1. Assist BAWSCA member agencies in evaluating the potential water savings and cost-effectiveness 

associated with implementing additional water conservation measures, beyond what they had 
committed to in 2004;  

2. Determine the potential water savings in 2018 and 2030 associated with implementing a selected suite 
of new conservation measures, in addition to the 2004 water conservation commitments;  

3. Determine BAWSCA’s role in assisting the member agencies in achieving their individual water 
conservation goals; and  

4. Develop a coordinated, regional plan for implementing water conservation which serves as a guideline 
for the BAWSCA member agencies to implement specific, new water conservation measures to meet 
both the water conservation savings they committed to in 2004, as well as up to an additional 
10 MGD of savings. Under the assumption that a specific suite of water conservation measures are 
implemented, the WCIP provides information as to who (i.e., BAWSCA, the member agencies, or 
SCVWD, etc.) should implement what conservation measure or program, and when they should 
implement each measure or program in order to achieve the specified water savings goals.   

The WCIP was prepared with the goal of identifying a plan for achieving up to 10 MGD savings by 2018. 
However, unlike the commitments made in 2004, the WCIP did not include an activity in which individual 
agencies committed to the savings potential that was identified in their service area or which water source 
would be saved in those areas with multiple water sources. Individual agencies maintain control of their local 
supplies and water supply portfolios. In addition, agencies may select to implement various water 
conservation measures individually, through the BAWSCA regional program, or through other regional 
efforts (e.g., the SCVWD program) or other sub-groups. It is further recognized that other options may exist 
to achieve the target water savings (i.e., other water conservation measures). 

BAWSCA intends to work with individual member agencies to incorporate the savings identified in the 
WCIP into their future water supply portfolios with the goal of maintaining collective SFPUC purchases 
below 184 MGD. The effect of the Interim Supply Limitation will be part of this upcoming discussion, as will 
inclusion of components of the WCIP or other water conservation savings in individual member agencies’ 
UWMPs. 

1.4 WCIP Interim Work Products 
Three technical memoranda were produced as interim work products to allow for detailed review of results 
throughout the WCIP planning process and to facilitate dialogue and consensus on elements to be included 
in the WCIP. Technical Memorandum (Tech Memo) 1, Tech Memo 2, and Tech Memo 3 were developed by 
the Project Team. The technical memoranda were then reviewed by BAWSCA staff, Working Group 
members, and the Pacific Institute. Below is a brief description of contents of each of the three Tech Memos: 

 Tech Memo 1 

− Updated population, employment, and water demands  

 Tech Memo 2 

− Identification and evaluation of new additional water conservation measures 

− Presentation of possible implementation scenarios for meeting conservation goals  

− Presentation of alternative regional implementation strategies 

− Description of different concepts related to financing water conservation 
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 Tech Memo 3 

− Summary of the coordination efforts between the Project Team and BAWSCA, its member 
agencies, and the public partners in the development of the Plan 

− Presentation of the new water conservation measures that were selected for inclusion in the 
WCIP 

− Description of the BAWSCA Year 1 Plan 

− Summary of additional recommendations that were made as part of the WCIP development 
process. 

1.5 Content of WCIP Final Report 
The following sections provide a summary of the content of this WCIP Final Report: 

 Section 2 – DSS Model Demand Updates for BAWSCA Member Agencies 

 Section 3 – Evaluation of Potential Water Conservation Savings Based on Baseline, and Potential New 
Water Conservation Measures 

 Section 4 – Survey of Other Water Conservation Implement6ation and Financing Strategies 

 Section 5 – Process and Methodology Used to Develop Regional Water Conservation Implementation 
and Financing Plan 

 Section 6 – Plan Nexus with California Urban Water Conservation Council’s (CUWCC’s) 
Memorandum of Understanding 

 Section 7 – BAWSCA Year 1 Plan: Core Program Implementation and Financing 

 Section 8 – BAWSCA Year 1 Plan: Subscription Program Implementation and Financing 

 Section 9 – Selected BAWSCA Program Measures vs. DSS Model Results 

 Section 10 – Coordination with Agencies and Public Partners  

 Section 11 – Additional Recommendations and Ideas for Future Planning and Implementation Efforts 

 Section 12 – Limitations 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

2 .  D S S  M O D E L  D E M A N D  U P D A T E S  F O R  B A W S C A  M E M B E R  
A G E N C I E S  

2.1 DSS Model Overview 
The following is a general description of how the DSS model calculates demands and water savings related to 
implementation of water conservation measures. For further detail, please see the 2004 SFPUC Technical 
Reports. 

The DSS model prepares 30-year total water demand projections at a very detailed level. The purpose of the 
extra detail is to enable a more accurate assessment of the impact of water efficiency programs on demand. 

The DSS model is an end-use model that breaks down total water production (water demand in the service 
area) to specific water end uses such as toilets, faucets, or irrigation. The end-use approach allows for detailed 
criteria to be considered when estimating future demands, such as the effects of natural fixture replacement, 
plumbing codes, and conservation efforts.  

To forecast urban water demands using the DSS model, customer-billing data are obtained from the water 
agency being modeled. The billing data are reconciled with available demographic data to characterize the 
water usage for each customer-billing category in terms of number of users per account and per capita water 
use. The billing data are further analyzed to approximate the split of indoor and outdoor water usage in each 
customer-billing category. The indoor/outdoor water usage is further divided into typical end uses for each 
customer-billing category. Published data on average per-capita indoor water use and average per-capita end 
use are combined with the number of water users to calibrate the volume of water allocated to specific end 
uses in each customer-billing category. 

Once this calibration is complete, an account-growth forecast for each customer category based on 
population and/or job growth, or other growth surrogate, is used to predict the expected increase in water 
usage for that customer category. At the same time, high-efficiency fixture replacement parameters are used 
to adjust the end-use water usage and refine the water demand projections. The resulting projections by 
customer category are summed to develop total water demand projections.  

In general, two steps are involved in the DSS modeling process to arrive at water demand projections: 
(1) establishing base-year conditions, and (2) forecasting future water demand. Figure 2-1 presents the two 
steps, differentiated by the dashed line, as a detailed schematic of the key inputs and outputs. Above the 
dashed line, the figure illustrates the process for establishing the base-year conditions and calibrating the 
model to a particular water agency service area for the selected base year. Below the dashed line, the figure 
illustrates the process for forecasting future demands, including the impacts of fixture replacement due to 
plumbing codes and standards already in place.  
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Figure 2-1. Schematic of DSS Model As Applied to an Urban Water Agency or Regional Area for Demand Forecasting 

For conservation measure evaluation, the DSS model performs benefit cost analysis using net present value 
and benefit-to-cost ratio as economic indicators. The benefit cost analysis is performed from various 
perspectives including the utility and community (utility plus customer). Figure 2-2 shows the structure of the 
model. 

 

 

Figure 2-2. Structure of the DSS Model 
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Benefits are based on savings in water facility operations and maintenance (O&M) and savings from deferring 
or downsizing future capital facilities, such as water treatment plant expansions or new source development. 
Facility design criteria, such as peak or average day water demand, are used to calculate future facility timing 
with and without conservation. Present value analysis is used to compute benefit-cost ratios of each measure.  

When measures are put together in programs, the interactions are accounted for by multiplying the water use 
reduction factors, at the end use level, together. This avoids double counting when more than one measure 
acts to reduce the same end use of water. 

2.2 Demand Projection Revisions 
For this effort, each individual BAWSCA agency DSS model was updated to include:  

 Updated population and employment projections to 2035; use of latest Association of Bay Area 
Governments projections (ABAG 2007) was preferred but use of other methods (e.g. updated and 
adopted General Plan that supersedes latest ABAG data) was allowable. 

 Forecasted new demand projections to 2035 – including before and after plumbing code savings. The 
Project Team used the following approach: 

− Maintained the base year as 2001.  

− Added the California state requirements regarding use of HETs and high-efficiency urinals (HEUs) 
into the DSS model’s representation of the plumbing code. 

− Compared demand and savings projections in the Wholesale Customer Water Conservation Potential 
Technical Report (URS, 2004) to the demands and savings projected as a result of assumed full, 
regional implementation of the five new measures selected as part of the WCIP development 
process. 

2.3 Input Data and Updates to DSS Models 
The inputs to the DSS Model that were used for Wholesale Customer Water Conservation Potential Technical Report 
(URS, 2004) are discussed within this section, along with updates to the model inputs to used for the WCIP.  

2.3.1 Model Input Data Used in the 2004 SFPUC Technical Reports 

The two main categories of DSS model input data discussed within this section include: (a) current water use 
data, and (b) demographic data. For the 2004 SFPUC Technical Reports, the DSS model was calibrated to a 
base year of 2001. The base year of 2001 was used because 2001 shows less of an effect of the 2001-2002 
recession1 and because 2001 was a relatively “normal” climate year (i.e. not a drought year or an excessively 
wet year).  

In the 2004 SFPUC Technical Reports, several different sources of data provided the basis for populations, 
household sizes, employment, and future growth rates of population and employment. The primary data 
sources used during the 2004 study and their respective purposes included:  

 2000 Census data – Provided population and household sizes for each individual city (and/or 
unincorporated area) serviced by the BAWSCA member agencies. 

                                                      

1 The year 2002 shows a dip in water demand in many areas due to reduction in economic activity. 
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 Bay Area Water Users Association (BAWUA) Annual Surveys – Provided population data for both FY 
2000-2001 and FY 2001-2002. 

 Department of Finance 2001 estimate – Served as official estimates between censuses to establish the 
growth from 2000 to the base year of 2001; developed by the State of California Department of 
Finance. 

 ABAG 2002 Projections –Subregional population and employment figures for sub-regions 
(i.e., including unincorporated areas) and jurisdictions. 

 City Planning – Provided by input from City Planning staff for Brisbane, Guadalupe Valley Municipal 
Improvement District and East Palo Alto. 

 Change in types of businesses and industry - The billing data provided by agencies readi ly  allow for 
changes in the types of businesses and industries in a region, or the resulting impacts on water demand 
associated with those changes. In order to accommodate those types of changes more detailed 
information on business types and proposed changes would need to be collected and provided by the 
individual agencies in adopted planning documents and then tied back to the billing systems. A few 
individual agencies had data on businesses, but the majority did not have the information at the time of 
the creation of the DSS Models and therefore was not included. 

2.3.2 Model Input Data Updated for WCIP 

The Project Team updated the member agencies’ DSS models to reflect more recent population and 
employment data. The base year of 2001 remained unchanged to maintain the model calibration achieved to 
support the conclusions of the 2004 SFPUC Technical Reports. 

To incorporate updated growth rates and retain model calibrations, the Project Team applied growth rates 
from more recent population projections to the base year of 2001. Thus, the DSS model starting population 
and employment were held constant between the 2004 SFPUC Technical Reports and the WCIP, with only a 
few exceptions2. Growth rates were extracted from recent population projection data and applied to years 
beyond the base year (2001) through the year 2035. 

The Project Team used three main sources of updated population and employment projections for the 
current study to extract growth rates, including: 

 ABAG (2007) – In December 2006, ABAG released updated population and employment projections 
through the year 2035 that includes population and employment estimates for Bay Area counties and 
cities. The ABAG (2007) population and employment projections provide an estimated value for each 
five year increment (i.e., 2010, 2015, and 2020). Sub-regional data were mostly used; however, two 
additional types of ABAG data were used for two agencies, as follows: 

− ABAG (2007) by Zip Code 

− ABAG (2007) by Census Tract 

                                                      

2 The Project Team’s approach was to not change base year data used in the 2004 study for BAWSCA member agencies. 
However, several exceptions were required, including base year population revisions for Coastside (base year 
population), Stanford (base year population), and San Jose (base year employment). A base year discrepancy occurred for 
Coastside due to a change in the projection source. Because ABAG data are not available for Stanford and the Stanford 
model is not based on a single growth rate, the base year estimated population was revised to the 2001 actual daily 
average campus population. Base year employment data for North San Jose changed significantly, based on using tract-
specific ABAG data. 
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 Urban Water Management Plans – By California law, agencies serving more than 3,000 accounts must 
provide a UWMP to DWR. Among other things, UWMPs contain population data and are subject to 
the process of approval by agencies’ boards or councils. In most cases, the most recent UWMP 
updates occurred in 2005. Three BAWSCA agencies selected to use population projections from their 
UWMPs. 

 General Plan – Two BAWSCA agencies anticipate relatively large population increases due to 
development/redevelopment within their service areas. Because ABAG (2007) projections do not 
consider inclusion of the planned development/redevelopment populations that occurred after the 
year 2006, the updated general plans were referenced. 

 BAWSCA Annual Surveys– BAWSCA conducts an annual survey that includes both historical 
population data for ten years prior to the current year, and a forecasted population for each decade to 
the year 2030.  

Tables 2-1 and 2-2 include the population and employment projection sources, respectively, from the 2004 
SFPUC Technical Reports and the WCIP. Also included in Tables 2-1 and 2-2 are population and 
employment estimates that are a product of the DSS model, respectively, from the base year of 2001 through 
2035 in five-year increments based on updated growth rates. These data are included in each respective 
agency’s DSS model as part of the demand updates. Based on the WCIP analysis, the BAWSCA member 
agencies’ 2030 population projections have increased by 6 percent relative to the projections in the 2004 
SFPUC Technical Reports and the 2030 employment projections have increased by 5 percent (Table 2-3). 

2.3.3 Changes to Plumbing Code 

The Project Team updated the DSS model to include fixtures recently added to the California Plumbing 
Code. The HETs and HEUs models were incorporated into the DSS model to reflect the update to the 
California plumbing code that will phase in starting in the year 2010, taking full effect in the year 2014. 

2.4 Key Assumptions for the Model 
Table 2-4 shows some of the key assumptions used in the DSS model during the development of the 2004 
SFPUC Technical Reports and for the WCIP. The assumptions that have the most dramatic impact on the 
estimates of water savings projected by the DSS model are (1) the assumed rate of natural replacement of 
water using fixtures, (2) the projections of residential or commercial future use, and (3) the percent of water 
loss, or “Unaccounted for Water”, that is assumed. Many of the assumptions used for the WCIP are 
unchanged from the assumptions used in the 2004 SFPUC Technical Reports, primarily because new or 
better data is not available. Any changes that were made to assumptions as part of the WCIP are noted in 
Table 2-4. 

2.5 Updated Water Demand Projections 
The updated water demand projections, with and without consideration of the plumbing code, are compared 
to the water demand projections from the 2004 SFPUC Technical Reports in Table 2-5 and Figure 2-3. 
Updates in the plumbing code (i.e., new California State legislation for HETs and HEUs that was passed in 
October 2007) are incorporated into the WCIP “with plumbing code” demand projection. The water 
demands within Table 2-5 and Figure 2-3 are inclusive of all BAWSCA member agencies’ demands.  

Based on the WCIP analysis, and comparing to the results of the 2004 SFPUC Technical Reports, the 
BAWSCA member agencies’ projected water demands in 2030 have increased by 7 MGD (3 percent) without 
considering the plumbing code, and by 2 MGD (1 percent) when considering the plumbing code. The change 
in the plumbing code results in an overall 1.5 percent demand savings for the BAWSCA member agencies. It 
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is important to note that the population and employment projections were based on growth rates rather than 
the exact ABAG, UWMP, or City Planning projection numbers. The resulting population and employment 
projection numbers used in the DSS model and published in this report in Table 2-1 and Table 2-2 were 
reviewed and approved by each individual agency as part of the WCIP development process. 

Updates in the plumbing code that occurred after the 2004 study were incorporated into the current “with 
plumbing code” demand projection. Figure 2-3 includes demands with and without the plumbing code. The 
difference in demand of 7.8 percent in 2030 (with and without plumbing code) from the 2004 study and 
9.3 percent in 2035 (with and without plumbing codes) from the WCIP study is attributed to updates in the 
plumbing code.  

For the purposes of the WCIP, the water demand projection used going forward will be the 2008 DSS Model 
Demand Projections Absent Conservation (with Plumbing Codes), or the last line of Table 2-5. 

2.6 Possible Uses of WCIP and DSS Model Data for 2010 
UWMPs 

The WCIP and the DSS model that was developed for each agency have multiple pieces of information that 
can be helpful to BAWSCA agencies in preparation of their 2010 UWMPs. The DWR guidelines for the 2010 
UWMP have not yet been published, therefore exact table references are not provided. The most commonly 
used data from the models are the following: 

 Population forecasts – Table 2-1 of the WCIP includes summary population data for every 5 years 
(2010, 2015, 2020, etc.) as typically required by UWMP guidelines. The DSS model developed for each 
agency has population projections for individual years. 

 Employment forecasts –Table 2-2 of the WCIP includes summary employment projections for every 
5 years. The DSS model developed for each agency has employment projections for individual years. 

 Water demand forecasts – Data for individual agency water demand forecasts are included the DSS 
models on an annual basis. 

 Data for individual conservation measures (i.e., annual savings, costs, and cost-effectiveness) for each 
agency are included in their DSS model. 

 The individual conservation measure annual targets for each customer class (For example, number of 
Single Family, Multi Family and Commercial accounts that were modeled for measure NM-1 etc.) are 
included in each agency’s DSS model.. 

 Data for each agency’s conservation program (i.e., annual savings, costs, and cost-effectiveness for 
groups of individual measures) are included in each agency’s DSS model.  
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Figure 2-3. Demand Projections for BAWSCA Service Area 
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Table 2-1. Population Estimates (2001-2035) and Data Sources  
Population Estimates for DSS Model 

Service Area 
2004 Study Projection 

Source 
2008 Study Projection 

Source 2001 2005 2010 2015 2020 2025 2030 2035 
Alameda County Water District ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 316,523 325,742 338,429 350,888 364,856 379,562 395,576 412,640 
Brisbane, City of City Planning Draft General Plana 3,174 3,247 3,619 3,849 4,080 4,310 4,540 4,770 
Burlingame, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 30,154 30,279 30,793 31,508 32,022 32,525 32,933 33,441 
CWS - Bear Gulch District BAWUA Survey ABAG Sub. Reg. 2007 66,937 68,112 69,416 70,749 72,078 73,408 73,876 75,157 
CWS-Mid Peninsula District ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 120,856 123,145 126,684 134,143 140,934 146,005 148,307 149,842 
CWS - South San Francisco District ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 49,207 50,420 52,120 54,891 57,174 59,311 61,480 63,596 
Coastside County Water District ABAG Sub. Reg. 2002 ABAG By Zip Code 2007 18,319 19,099 19,775 20,369 20,933 21,434 21,873 22,236 
Daly City, City of ABAG Sub. Reg. 2002 Amended ABAGb 106,117 107,145 110,599 116,741 121,365 124,194 127,003 130,086 
East Palo Alto, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 24,395 26,145 27,931 30,042 31,423 33,453 35,726 38,405 
Estero MID/Foster City ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 34,568 35,577 36,116 37,088 37,924 38,492 38,869 39,223 
Guadalupe Valley MID City Planning Draft General Plana 446 456 627 721 815 909 1,004 1,098 
Hayward, City of ABAG Sub. Reg. 2002 Amended ABAGc 140,439 145,405 151,079 156,059 161,553 169,809 178,361 184,100 
Hillsborough, Town of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 11,618 11,768 11,982 12,196 12,410 12,410 12,517 12,624 
Menlo Park, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 12,153 12,138 12,483 13,000 13,380 13,655 13,931 14,242 
Mid-Peninsula Water District  
(formerly Belmont) 

2000 UWMP ABAG Sub. Reg. 2007 26,443 26,817 27,334 28,255 29,175 29,796 30,314 30,815 

Millbrae, City of 2002 UWMP ABAG Sub. Reg. 2007 21,460 21,611 22,231 23,368 24,092 24,609 24,919 25,230 
Milpitas, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 62,756 64,416 68,783 73,845 79,204 84,564 89,824 95,085 
Mountain View, City of ABAG Jurisdictional 2002 ABAG Sub. Reg. 2007 71,160 71,979 75,083 78,186 82,291 85,694 88,397 90,700 
North Coast County Water District ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 40,457 40,782 41,103 41,939 42,774 43,610 44,240 44,961 
Palo Alto, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 59,954 62,322 65,459 68,430 71,485 74,291 76,520 78,914 
Purissima Hills Water District ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 6,032 6,345 6,472 6,598 6,666 6,732 6,856 6,979 
Redwood City, City of 2003 UWMP ABAG Sub. Reg. 2007 81,888 83,307 86,608 90,928 95,356 99,735 103,650 107,612 
San Bruno, City of Draft General Plan ABAG Sub. Reg. 2007 40,727 41,736 43,328 45,513 47,499 49,188 50,779 52,158 
San Jose, City of  
(portion of north San Jose) 

ABAG Sub. Reg. 2002 ABAG by Census Tract 2007d 11,098 13,152 20,334 19,439 32,620 39,421 46,306 51,981 

Santa Clara, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 104,349 110,012 118,459 125,397 131,732 136,660 141,587 146,917 
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Table 2-1. Population Estimates (2001-2035) and Data Sources  
Population Estimates for DSS Model 

Service Area 
2004 Study Projection 

Source 
2008 Study Projection 

Source 2001 2005 2010 2015 2020 2025 2030 2035 
Skyline County Water District BAWUA Survey BAWSCA Survey 2004 1,210 1,413 1,666 2,162 2,658 2,670 2,683 2,692 
Stanford University Water Master Plan Conservation Study 2008e 25,782 27,684 29,185 30,674 32,239 33,883 35,612 37,428 
Sunnyvale, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 131,365 132,322 136,854 141,485 146,608 151,732 156,165 160,895 
Westborough Water District BAWUA Survey UWMP 2005 10,017 10,089 10,741 10,798 10,856 10,914 10,971 11,029 
TOTAL    1,629,604 1,672,663 1,745,292 1,819,263 1,906,202 1,982,976 2,054,820 2,124,854 

Source: DSS Models 
NA - Not Applicable; CWS - California Water Service (Company); MID - Municipal Improvement District 
a The City of Brisbane and Guadalupe Valley Municipal Improvement District provided projections from the City’s Draft General Plan which is currently under public review and comments. 
b Amended ABAG subregional 2007: amended with draft general plan projections 2010-2035. 
c Amended ABAG subregional 2007: amended with approved actions by the Hayward City Council and the Local Agency Formation Commission (LAFCO). 
d Growth rates based on ABAG 2007 data by census tract, using 100 percent of ABAG's census tract # 5046.02 and 100 percent of tract # 5050.05, plus 50 percent of 5050.06 to reflect Hetch Hetchy-served areas. 
e Residential account growth for Stanford University was projected using increase in dwelling units rather than population projections.
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Table 2-2. Employment Estimates (2001-2035) and Data Sources 
Employment Estimates for DSS Model 

Service Area 
2004 Study Projection 

Source 
2008 Study Projection 

Source 2001 2005 2010 2015 2020 2025 2030 2035 
Alameda County Water District ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 151,092 140,986 148,481 159,350 177,034 194,732 212,411 228,775 
Brisbane, City of City Planning Draft General Plana 3,789 4,089 4,539 8,167 12,821 17,476 22,130 26,784 
Burlingame, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 31,205 25,939 27,541 29,042 31,695 34,646 37,717 40,942 
CWS - Bear Gulch District BAWUA Survey ABAG Sub. Reg. 2007 42,899 39,076 41,260 42,947 44,210 45,455 46,867 48,258 
CWS-Mid Peninsula District ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 79,493 70,193 75,391 82,174 88,117 94,149 101,053 107,128 
CWS - South San Francisco 
District 

ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 49,288 46,977 49,691 51,972 56,074 59,830 63,455 68,245 

Coastside County Water District ABAG Sub. Reg. 2002 ABAG By Zip Code 2007 3,504 3,476 3,650 3,742 3,827 4,038 4,126 4,217 
Daly City, City of ABAG Sub. Reg. 2002 Amended ABAGb 26,941 27,902 30,825 45,092 62,639 66,071 69,762 73,668 
East Palo Alto, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2002 3,289 3,540 4,052 5,466 7,535 8,104 8,673 9,258 
Estero MID/Foster City ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 24,318 19,843 20,998 23,139 25,293 27,158 29,255 30,826 
Guadalupe Valley MID City Planning Draft General Plana 4,442 4,794 8,545 8,545 8,923 9,301 9,679 10,057 
Hayward, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007d 87,473 83,177 86,518 92,777 99,379 106,334 113,597 121,156 
Hillsborough, Town of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 1,216 991 1,021 1,069 1,117 1,165 1,212 1,260 
Menlo Park, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 10,053 7,695 8,141 8,912 9,748 10,528 11,425 12,231 
Mid-Peninsula Water District 
(formerly Belmont) 

2000 UWMP ABAG Sub. Reg. 2007 14,705 13,566 14,856 16,514 18,272 19,796 22,242 23,766 

Millbrae, City of 2002 UWMP ABAG Sub. Reg. 2007 6,664 6,557 7,015 7,730 8,387 9,178 10,103 10,970 
Milpitas, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 53,566 48,420 50,707 53,745 56,864 60,147 63,571 67,138 
Mountain View, City of ABAG Jurisdictional 2002 ABAG Sub. Reg. 2007 75,629 61,967 63,782 69,127 74,663 80,524 86,653 93,063 
North Coast County Water 
District 

ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 5,797 6,297 6,777 7,067 7,377 7,657 7,897 8,345 

Palo Alto, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 105,432 95,646 98,155 101,762 105,480 109,397 113,475 117,722 
Purissima Hills Water District ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 420 357 361 365 371 375 378 382 
Redwood City, City of 2003 UWMP ABAG Sub. Reg. 2007 66,389 60,685 65,780 70,422 74,801 79,607 84,454 89,443 
San Bruno, City of Draft General Plan ABAG Sub. Reg. 2007 16,622 14,115 14,960 16,902 18,988 21,237 23,620 26,136 
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Table 2-2. Employment Estimates (2001-2035) and Data Sources 
Employment Estimates for DSS Model 

Service Area 
2004 Study Projection 

Source 
2008 Study Projection 

Source 2001 2005 2010 2015 2020 2025 2030 2035 
San Jose, City of  
(portion of north San Jose) 

ABAG Sub. Reg. 2002 ABAG by Census Tract 2007e 93,366 77,206 83,485 87,786 93,206 99,407 104,664 113,035 

Santa Clara, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 138,163 114,742 117,946 127,844 137,960 148,524 159,668 171,195 
Skyline County Water District BAWUA Survey NAf 224 224 224 224 224 224 224 224 
Stanford University Water Master Plan Water Master Plang NA NA NA NA NA NA NA NA 
Sunnyvale, City of ABAG Sub. Reg. 2002 ABAG Sub. Reg. 2007 125,476 98,044 109,532 118,653 128,585 138,796 149,233 159,910 
Westborough Water District BAWUA Survey NAf 1,610 1,610 1,610 1,610 1,610 1,610 1,610 1,610 
TOTAL    1,223,065 1,078,114 1,145,843 1,242,146 1,355,199 1,455,465 1,559,154 1,665,743 

Source: DSS Models 
NA - Not Applicable; CWS - California Water Service (Company); MID - Municipal Improvement District 
a The City of Brisbane and Guadalupe Valley Municipal Improvement District provided projections from the City’s Draft General Plan which has not been finalized  

b Amended ABAG subregional 2007: amended with draft general plan projections 2010-2035. 
c The City of East Palo Alto retain their employment data from the 2004 study, as accuracy of the alternative data sources were questioned. 
d Amended ABAG subregional 2007: amended with approved actions by the Hayward City Council and the LAFCO. 
e Growth rates based on ABAG 2007 data by census tract, using 100 percent of ABAG's census tract # 5046.02 and 100 percent of tract # 5050.05, plus 50 percent of 5050.06 to reflect Hetch Hetchy-served areas 
f Commercial accounts assumed to remain constant.  
g Employment projections are not applicable for LTCWD and Stanford University. LTCWD only has residential accounts. Stanford University used other parameters such as increase in building square footage increase to 
forecast growth in Non-Residential accounts. Residential account growth for Stanford University was projected using increase in dwelling units rather than population projections 

 
Table 2-3. Comparison of Population and Employment between 2004 and 2008 Studies 

 2030 DSS Population 2030 DSS Employment 
2004 Study 1,933,829 1,488,566 

2008 Study 2,054,820 1,559,154 
Difference between 2004 and 2008 Population 
and Employment Estimates for 2030  120,991 70,588 

Percent Difference between 2004 and 2008 
Population and Employment Estimates for 2030 6% 5% 
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Table 2-4. List of SFPUC Baseline Demand Projection Assumptions for DSS Model 
Parameter Value Selected in 2004 Value Selected in 2008 

Base Year 2001 2001 
Peak Day Factor 1.6 or data from Water Master Plan Survey 1.6 or data from Water Master Plan Survey 

Water Loss,  percent of Water Production Calculated from purchase and sales data or 7 percent, whichever is 
greater; constant over time 

Calculated from purchase and sales data or 7 percent, whichever is 
greater; constant over time 

Population Projection, 2002 to 2035 BAWUA 2001-2002 Survey, ABAG Projections 2002, Urban Water 
Management Plans, Water Master Plans 

ABAG 2007, Urban Water Management Plans, General Plans 

Employment (Jobs) Projection 2002-2035 BAWUA 2001-2002 Survey, ABAG Projections 2002, Urban Water 
Management Plans, Water Master Plans ABAG Projections 2007, General Plans 

Number of Water Accounts for Base Year Data submitted by customers for 2001 (month of June or average of 
all months in 2001 or other if 2001 data not provided) 

Data submitted by customers for 2001 (month of June or average of 
all months in 2001 or other if 2001 data not provided) 

Distribution of Water Use Among Categories Data submitted by customers for most recent year Data submitted by customers for most recent year 

Indoor/Outdoor Water Use Split by Category, percent of 
Total Monthly data submitted by customers for 2001 Monthly data submitted by customers for 2001 

Residential End Uses, percent American Water Works Association Research Foundation 
(AWWARF) Report “Residential End Uses of Water” AWWARF Report “Residential End Uses of Water” 

Non-Residential End Uses, percent Professional judgment and AWWARF Report “Commercial and 
Institutional End Uses of Water” 

Professional judgment and AWWARF Report “Commercial and 
Institutional End Uses of Water” 

Residential Fixture Efficiency Current Installation Rates Census 2000, Housing age by type of dwelling plus natural 
replacement 

Census 2000, Housing age by type of dwelling plus natural 
replacement 

Water Savings for Fixtures, gal/capita/day AWWARF Report “Residential End Uses of Water” AWWARF Report “Residential End Uses of Water” 

Non-Residential Fixture Efficiency Current Installation Rates Census 2000, assume commercial establishments built at same rate 
as housing, plus natural replacement 

Census 2000, assume commercial establishments built at same rate 
as housing, plus natural replacement 

Residential Frequency of Use Data, Toilets, Showers, 
Washers, Uses/user/day 

Falls within ranges in AWWARF Report “Residential End Uses of 
Water” 

Falls within ranges in AWWARF Report “Residential End Uses of 
Water” 
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Table 2-4. List of SFPUC Baseline Demand Projection Assumptions for DSS Model 
Parameter Value Selected in 2004 Value Selected in 2008 

Non-Residential Frequency of Use Data, Toilets and Urinals, 
Uses/user/day 

Estimated based using AWWARF Report “Commercial and 
Institutional End Uses of Water” 

Estimated based using AWWARF Report “Commercial and 
Institutional End Uses of Water” 

Natural Replacement Rate of Fixtures 
Toilets – 3 percent per year 
Showers – 5 percent per year 
Clothes Washers - 6 percent per year 

Toilets – 3 percent per year 
Showers – 5 percent per year 
Clothes Washers - 6 percent per year 

Project Future Residential Use  Based on Projected Population Based on Projected Population 

Project Future Commercial/Industrial Use Based on Projected Employment or  
Population Based on Projected Employment or Population 

Project Future Pubic and Other Use Based on Projected Population Based on Projected Population 

 
Table 2-5. Total BAWSCA Demand Projections 

Base 
Year 

(MGD) 
Total BAWSCA Demand Projections  

(MGD) 

Demand 
Increase from 
2001 to 2030 

Dataset 2001 2005 2010 2015 2020 2025 2030 2035 MGD Percent 
2004 DSS Model Demand Projections 
Absent Conservation, (without Plumbing 
Codes) 

272 285 300 313 326 337 349 NA 77 28 

2004 DSS Model Demand Projections 
Absent Conservation, (with Plumbing 
Codes) 

272 282 292 299 308 315 324 NA 52 19 

2008 DSS Model Demand Projections 
Absent Conservation, (without Plumbing 
Codes) 

272 271 286 302 322 339 356 373 84 31 

2008 DSS Model Demand Projections 
Absent Conservation, (with Plumbing 
Codes) 

272 268 278 289 302 314 326 341 54 20 

NA = Not Available from the 2004 Study.
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

3 .  E V A L U A T I O N  O F  P O T E N T I A L  W A T E R  C O N S E R V A T I O N  
S A V I N G S  B A S E D  O N  H I S T O R I C A L ,  B A S E L I N E ,  A N D  P O T E N T I A L  

N E W  W A T E R  C O N S E R V A T I O N  M E A S U R E S  

3.1 Background 
As stated in Section 1, the goal of the WCIP is to identify mechanisms by which the BAWSCA member 
agencies could implement water conservation measures to potentially reduce their projected water purchases 
from the SFPUC system. The WCIP was designed to evaluate whether, through full implementation of 
(1) the measures that the member agencies had committed to implementing in 2004, and (2) specific, 
additional water conservation measures, the BAWSCA member agencies could reduce their water demand 
sufficiently to meet the Interim Supply Limitation that was established by the SFPUC of 184 MGD by 2018.  

The amount of water purchased by those BAWSCA member agencies that must (1) report their conservation 
activities to the CUWCC as part of the Memorandum of Understanding Regarding Urban Water 
Conservation (MOU), and (2) prepare UWMPs represents the majority of the SFPUC water purchases by 
BAWSCA member agencies. Based on this fact, the WCIP has been designed to align, where appropriate, 
with the new CUWCC MOU and/or recommendations from DWR. This will enable BAWSCA and its 
member agencies to better track conservation results against the new CUWCC MOU and to report their 
water conservation results and plans in their UWMP’s.  

The BAWSCA member agencies provided input throughout the WCIP development process to help ensure 
that the WCIP met the above objectives.  

3.2 Historical (2004 to 2008) Conservation Assessment 
As part of the WCIP development process, the BAWSCA member agencies were asked to provide data as to 
what conservation measures they had implemented between 2004 and 2008. These data were used to update 
the conservation activity estimates in the DSS models for the years 2004 through 2008. The objective of this 
task was to update the DSS modeling results to reflect historical conservation implementation and to evaluate 
the relative effect of the current conservation savings on the potential for future conservation savings.  

3.2.1 Historical Data Collection 

The only measures that were evaluated as part of this historical conservation analysis were those measures 
that were selected by each BAWSCA agency in 2004 as part of their baseline conservation program, see 
Table 3-1. Other or new conservation measures, technology and/or water transfer opportunities that the 
agencies may have been implementing between 2004 and 2008 were not considered as part of this analysis. 
Therefore, in some cases, this analysis underestimates the conservation savings and efforts by each of the 
agencies to date.  
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3.2.2 Historical Conservation Updates in the DSS Models 

The historical measure implementation data that the Project Team received from BAWSCA member agencies 
were incorporated into the DSS models using a consistent set of rules as follows: 

 Historical conservation data were entered into the DSS models as a percentage of the total accounts 
affected by the conservation measure in any particular year. 

 If no responses were provided for the years 2004 through 2008, then zero interventions were entered 
into the model, representing no conservation occurred under the DSS selected measures in those years. 

 The cumulative number of accounts affected by a conservation measure could not exceed 100 percent 
of the accounts in the DSS model for the year 2004 through 2008. 

 The cumulative number of accounts affected by a conservation measure could not exceed the assumed 
market penetration1 for that measure in the DSS model for conservation occurring in the future 
(2009 and beyond.). That is, if the number of interventions provided by the agency exceeded the 
assumed market penetration for that particular conservation measure, interventions for 2009 and 
beyond were capped at the assumed market penetration percentage. 

 No other adjustments were made for future years (2009 and beyond). Notably, adjustments were not 
made to make up for lost savings due to lack of interventions occurring from 2004 through 2008. 

 Conservation programs were not revised as part of this evaluation, which means that the conservation 
measures selected for each agency’s conservation program were not changed based on historical data. 
Where agencies provided historical conservation data for measures that were not selected in 2004 for 
their baseline conservation program, those data were entered into the model for future use but were 
not incorporated into the calculation for associated conservation savings. 

3.2.3 Historical Conservation Results 

Updating the DSS models to reflect actual implementation of water conservation during the period 2004 
to 2008 resulted in changes to the projected future water savings resulting from the conservation 
commitments made in 2004 by the BAWSCA member agencies. In many cases, these differences occurred in 
instances where what was actually implemented, tracked and documented did not match what was originally 
planned in 2004. General observations regarding these changes for specific agencies include: 

 Agencies are often behind in the implementation commitments assumed in the 2004 study. As a result, 
conservation savings that would have been achieved between 2004 and 2008 were not realized.  

 Agencies were often implementing different conservation programs than originally specified in 2004. 
The savings from these alternative conservation measures has not been captured by the DSS model at 
this time. 

 Several of the conservation measures, which were originally set up in the DSS models for the 2004 
study, were defined as having short program durations (e.g., 3 years beginning in 2004 and ending 
in 2006.) In cases where no interventions were completed for those measures between 2004 and 2008, 
very little, if any conservation savings were realized.  

                                                      

1 Market penetration percentages were specified for each conservation measure as part of the definitions developed for 
the 2004 conservations studies. Refer to Table 3-3, Conservation Measure Variables for specific values.  
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 The lack of consistent methods for tracking historical intervention data suggests a considerable level of 
uncertainty in the data obtained for this analysis. This uncertainty is further evidenced by intervention 
data that did not make sense when reconciled with DSS modeling data (e.g., when the number of 
interventions exceeded the number of accounts.) 

The effects of the changes made to incorporate historical conservation results can be seen by examining the 
average conservation savings2 over a specified duration. Prior to incorporating historical conservation data, 
the average conservation savings from 2004 through 2008 summed for all BAWSCA member agencies was 
5.8 MGD. After historical conservation data were incorporated into the DSS models the average 
conservation savings from 2004 through 2008 dropped to 3.6 MGD, which is a 39 percent decrease in 
savings.   

Detailed conservation results are provided in Tables 3-4 through 3-6. 

3.3 New Water Conservation Measures Screening Process 
As part of the 2004 SFPUC Technical Reports, representatives from each BAWSCA member agency selected 
a suite of water conservation measures that their agency committed to implementing within their respective 
service area (Table 3-1).  

To meet BAWSCA’s increased water savings goal of up to an additional 10 MGD by 2018, a variety of water 
conservation measures were considered and screened for inclusion in the WCIP, including 18 potential new 
measures that were not previously considered in the 2004 SFPUC Technical Reports (Table 3-2). Table 3-2 
presents the initial list of 14 new measures that were evaluated as part of the WCIP, including four measures 
that were evaluated in 2006 as part of the 2006 SFPUC Regional study and ten new conservation measures. 
The list of potential new measures presented in Table 3-2 includes other relevant information, including a 
brief description of each measure, the targeted customer types, evaluation data from the 2006 SFPUC 
Regional study for the four new measures (NM-1 to NM-4), an estimate of overall 2030 water savings, and a 
range in unit costs for the measures. The potential water savings for each measure was estimated assuming 
that each measure would be fully implemented on a regional basis (i.e., assuming that all of the BAWSCA 
member agencies fully implemented each measure), as was the relative unit cost of water saved. Four 
additional water conservation measures were proposed by the Pacific Institute for consideration by Working 
Group members. The four additional potential new measures included: retrofit on resale, system leak 
detection, steamer rebates, and commercial, industrial, institutional (CII) pay for performance. 

On November 10, 2008, the Project Team provided an overview to the Working Group of key information 
related to each of the 18 potential new water conservation measures, including the information contained in 
Table 3-2. The Working Group members then ranked the measures from 1 to 5, with 5 being the measure of 
highest priority. The Project Team and Working Group then discussed the outcome of the voting process. A 
total of five new measures were selected by the Working Group and BAWSCA for evaluation as part of the 
WCIP, including: 

 NM-1: Installation of High-efficiency Toilets and Showerheads  
 (Note: Measure NM-1 changed during WCIP development process to HET Rebates) 

                                                      

2 Note that the average savings over a specified period is not the same as the annual savings at the end of that period, 
even though those savings are both reported in units of MGD. For example, the conservation savings realized in 2008 
(4.6 MGD in Table 3-4) is greater than the average conservation savings from 2004 through 2008 (3.6 MGD listed 
above) because the savings are increasing each year between 2004 and 2008. 
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 NM-2: Education/ Training Program for Residential Landscape Water Use Efficiency 

 NM-5: High-efficiency Washing Machine Rebates  

 NM-6: New Building Indoor Water Efficiency Regulations 

 NM-7: New Building Landscape Water Efficiency Regulations 

The final list of water conservation measures that were evaluated as part of the 2004 SFPUC Technical 
Reports and new measures that were selected for evaluation by the Working Group is included in Table 3-3, 
along with descriptions of each measure.  

As noted above, following the release of Tech Memo 2, measure NM-1 was changed, at the request of 
BAWSCA and the member agencies, from a Direct Installation Program of HET and Showerheads (modeled 
after the Redwood City Program), to a HET Rebate program. Therefore, remaining future references for 
NM-1 in this report, starting with Table 3-3, will be for a HET Rebate program.  

3.4 Water Conservation Measure Modeling Assumptions 
Appendix A includes the specific assumptions included in the DSS models for each of the following 
variables: 

 Targeted Water User Group; End Use – Water user group (e.g., single-family residential) and end use 
(e.g., indoor or outdoor water use). 

 Market Penetration Goal – Extent of market penetration related to the water conservation product or 
service. 

 Measure Water Savings – Percent water reduction by end use related to the water conservation 
measure. 

 Measure Design Length – Amount of time required for implementation of the measure to achieve the 
water conservation goal. 

 Measure Life – Amount of time that water savings from a conservation measure are expected to last. 

 Utility Unit Cost (for contractor) – Cost of rebates, incentives, and contractors hired (by the utility) to 
implement measures. 

 Retail Customer Unit Cost – Cost for implementing measures that is paid by retail customers (i.e., the 
remainder of a measure’s cost that is not covered by a utility rebate or incentive). 

 Utility Administration and Marketing Cost – The cost to the utility administering the measure, 
including consultant contract administration, marketing, and participant tracking. 

3.5 BAWSCA New Regional Measure Evaluation  
Based on input from the Working Group, five new measures (i.e., NM-1, NM-2, NM-5, NM-6, and NM-7) 
were analyzed for the entire BAWSCA region using the DSS Model. BAWSCA requested that the Project 
Team develop the measures individually, and that each be designed to be feasible.  

Using the DSS models developed for each BAWSCA member agency, the Project Team evaluated the 
potential cost-effectiveness and water savings related to the unique suite of water conservation measures 
selected by each agency, including the baseline measures (selected in 2004), and the five new measures 
(selected as part of the WCIP development). The goal of adding the impact of the five new measures was to 
evaluate if these measures could be used to "reasonably attain" up to 10 MGD of water savings by 2018.  



3. Water Conservation Measures Evaluation Draft Water Conservation Implementation Plan Final Report 

3-5 

P:\136000\136285 - BAWSCA WUE-Recycling Implementation Plan\Task 11 - Final Report\WCIP FINAL Report.doc 

The implementation levels assumed in this analysis are based on assumptions that represent an aggressive 
water conservation program. In general, agencies will need to implement each measure at a more aggressive 
rate that they have historically to meet the savings goals. Agencies will also have to adaptively manage their 
programs fashion, making both small and large program changes as needed over time, to ensure savings goals 
are met.   

The assumption made as part of the WCIP analysis was that all five new measures would be fully 
implemented by each agency. However, it is important to note that this represents just one possible scenario. 
Some agencies have indicated that they plan to implement alternative measures from those selected in the 
2004 SFPUC study and as part of the WCIP. Additionally, it is important to note that the BAWSCA Year 1 
Plan activities outlined in Sections 7 and 8 are only designed to support those agencies that selected to 
participate in the BAWSCA regional programs.  

The five new measures analyzed as part of the WCIP include: 

 NM-1: HET Rebate Program 

 NM-2: Education/ Training Program for Residential Landscape Water Use Efficiency 

 NM-5: HEW Rebates  

 NM-6: New Building Indoor Water Efficiency Regulations 

 NM-7: New Building Landscape Water Efficiency Regulations 

The following sections describe each new measure in detail, including planning assumptions. 

3.5.1 NM-1 High-Efficiency Toilet Rebate Program  

The HET rebates to replace high flow toilets were modeled at a fixed cost of $150.3 It is assumed that this 
measure will be implemented for 10 years (i.e., 2010 to 2019) and that approximately 1 percent of all toilets 
will be replaced during each year. For budgeting purposes this is similar to having one toilet rebate for 
approximately 3 percent of the year 2010 residential single family (RSF), residential multi-family (RMF) and 
CII accounts. It is further assumed that the participation levels by all agencies will escalate the activity level up 
to a ten-year annual average of 12,400 rebates per year (or equivalent program that obtains the same savings 
goal) including RSF, RMF and CII toilets (the 12,400 toilet rebates is out of an estimated 1.3 million toilets in 
the region). This total rebate target for the entire BAWSCA region includes all the rebates from BAWSCA, 
SCVWD, and local member agency programs. BAWSCA is currently planning that for the agencies 
participating in their regional program will achieve about half of the planned 12,400 rebates for the region as 
further discussed in Section 8.2.2.  

3.5.2 NM-2 Education/Training Program for Residential Landscape 
Water Use Efficiency 

This measure assumes that there will be a combination of three types of training classes: (1) Xeriscape, 
(2) Homeowner Irrigation, and (3) Promotion of Water Efficient Plants. It is also assumed that all savings are 
implemented for RSF accounts. It is assumed that this measure will be implemented for 21 years (i.e., 2010 
to 2030). 

                                                      

3 The rebate cost does not include costs associated with rebate administration, marketing, labor or other costs. 
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The number of accounts affected by this measure is computed on a regional basis and then divided among 
service areas. This assumes that full regional implementation would achieve the following: 20 class sites, 
4 classes per year per site, 50 attendees per class, 1 affected-account per attendee (i.e., 20 x 4 x 50 x 1 = 4,000 
additional affected accounts per year). The 4,000 participants per year is less than 0.2 percent of the 1,745,292 
population in the year 2010 for the regional area. 

3.5.3 NM-5 High-Efficiency Washer Rebates 

The high-efficiency clothes washer rebates were modeled at a fixed cost of $2004. It is assumed that this 
measure will be implemented for 9 years (i.e., 2010 to 2018) and that the washing machines at 3.0 percent of 
all accounts will be replaced each year for the 9-year period (or equivalent program to obtain similar water 
savings goals). 

 The total annual rebate target for the entire region is 17,600 rebates (this total would include all the rebates 
from BAWSCA, SCVWD, and local member agency programs). The 17,600 rebates (or equivalent program 
to obtain water savings goals) in the region are out of an estimated total of 600,000 to 700,000 residential 
washers. BAWSCA is currently planning that for the agencies participating in their regional program will 
achieve about half of the planned 8,300 rebates for the region as further discussed in Section 8.2.3  

3.5.4 NM-6 New Building Indoor Water Efficiency Regulation  

This measure assumes agencies adopt an ordinance or regulation to require developers to install the following 
devices where applicable: (1) HET; (2) HEW; (3) Energy Star Dishwasher; (4) High-efficiency Faucets and 
Showerheads; (5) Efficient Hot Water Delivery System; (6) Multifamily submetering. These requirements are 
similar, but slightly more stringent (by including more fixtures or devices), than both the United States 
Environmental Protection Agency’s (EPA's) Water Sense for New Homes (as of May 2009) and East Bay 
Municipal Utility District’s (EBMUD)'s new connection regulations that were adopted in July 2009. 

It is assumed that this measure will be implemented for 21 years (i.e., 2010 to 2030) and that all the member 
agencies will adopt an indoor ordinance as described above, and be 75 percent compliant through 2030. The 
assumed compliance is less than 100 percent due to the lack of long term experience and documentation of 
successful implementation of similar new development ordinances. 

3.5.5 NM-7 New Building Outdoor Water Efficiency Regulations  

This measure assumes agencies adopt an ordinance or regulation to require developers to install the following 
devices/systems where applicable for landscaping around any new building: (1) Efficient landscaping with 
either a turf limit (such as no more than 40 percent) or a water budget approach, and (2) State of the art 
irrigation controller (may be a weather adjusting controller in the future). These requirements represent a 
blend of both EPA's Water Sense for New Homes (as of May 2009) and EBMUD's new connection 
regulations that were adopted in July 2009. 

It is assumed for this study purpose that this measure will be implemented for 21 years (i.e., 2010 to 2030) 
and that all the member agencies will adopt an outdoor ordinance as described above, and be 65 percent 
compliant through 2030 (or an equivalent program that obtains the same water savings). The assumed 
compliance is less than 100 percent due to the lack of long term experience and documentation of successful 
implementation of similar new development ordinances.   

                                                      

4 The rebate cost does not include costs associated with rebate administration, marketing, labor or other costs. 
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3.6 DSS Model – New Water Conservation Measure Results 
Based on the parameters shown in Appendix A and summarized above, the Project Team used the DSS 
model to evaluate the amount of potential water savings for each measure selected under each agency’s 
conservation program (including both baseline, 2004 measures and the five new measures that were selected 
for evaluation), along with the cost-effectiveness of each respective measure. These results are based on the 
assumption that each measures is fully implemented by each agency (i.e., the target penetration rates are 
achieved). 

As stated in Section 1, one of the goals of the WCIP is to determine potential mechanisms by which the 
BAWSCA member agencies can meet the water saving goals (i.e., up to 10 MGD by 2018 and a total of up to 
58 MGD of conservation savings and reclamation by 2030).  

The DSS model results presented herein compare water savings from the “baseline conservation 
(2004 measures)” to “updated conservation (2004 and 2008 measures)”, wherein: 

 Baseline conservation (2004 measures) represents the suite of water conservation measures that 
each agency committed to implementing in 2004 as part of the 2004 SFPUC Technical Reports, and  

 Updated conservation (2004 and 2008 measures) includes the baseline conservation 
(2004 measures), plus the five new water conservation measures that were selected for evaluation as 
part of the WCIP development process, and an estimate of the historical conservation savings achieved 
by each agency between 2004 an 2008, to the extent that that information was available. 

Tables 3-4 through 3-6 present the estimated water savings and cost-effectiveness, in terms of benefit-to-cost 
ratios, for the baseline conservation (2004 measures) and the updated conservation (2004 and 
2008 measures). Collective results included in Tables 3-4 through 3-6 for the member agencies include: 

 Estimated water savings related to implementing the current plumbing code, 

 Estimated water savings due to conservation programs, 

 Estimated outdoor water savings due to conservation programs, 

 Estimated present value of water utility costs, 

 Water utility benefit-cost ratio, 

 Cost of water saved from the utility and community perspectives, 

 Benefit-cost ratio from the utility and community perspectives. 

Table 3-4 includes the estimated water savings and cost-effectiveness for conservation measures implemented 
between 2004 and 2008, while Table 3-5 includes results through 2018. Table 3-6 includes the same 
parameters as Tables 3-4 and 3-5, related to the year 2030. A glossary of terms for Tables 3-4 through 3-6 is 
available in Table 3-7. Additional information on the historical conservation analysis results and impacts on 
the savings numbers are presented in Section 3.2.3. 

As described in Section 1, one of the objectives of the WCIP was to evaluate whether implementation of the 
new water conservation measures that were selected for evaluation by the member agencies could achieve up 
to 10 MGD of water savings by 2018. Based on the DSS model results, the selected new conservation 
measures have the potential to create 8.4 MGD (as shown in Table 3-5) of water savings by 2018 if ALL of 
the BAWSCA member agencies fully implement the five new measures according to the parameters set in 
Appendix A (i.e., the penetration rates), in addition to fully implementing their baseline (2004) conservation 
programs.  
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That being said, the member agencies may be able to achieve the target water savings by alternate 
mechanisms than those identified herein. One possible scenario to obtain the full 10 MGD savings by 2018 
would be to increase the market penetration rates of the individual programs. For example, if measure NM-1 
was increased to an annual target of 2.5 percent of all toilets (i.e., 32,000 toilet rebates per year), the savings 
obtained in 2018 could be as high as 10.4 MGD (i.e., an additional 2 MGD of water savings). Alternatively, 
individual agencies can decide to implement other measures not evaluated as part of the WCIP, or modify 
targets or activity levels as the program progresses to increase the water savings potential.   

The individual agencies have not formally committed to implementing the new water conservation measures 
that were evaluated as part of the WCIP, nor have they committed to achieving the associated water savings. 
However, several member agencies have elected to participate in the BAWSCA regional programs at some 
level and BAWSCA intends to work with individual member agencies to incorporate the savings identified in 
the WCIP into their future water supply portfolios with the goal of maintaining collective SFPUC purchases 
below 184 MGD.  

3.6.1 Challenges Associated with Successful Implementation of the 
New Water Conservation Measures 

BAWSCA and the Project Team recognize that the penetration targets that were assumed for the new water 
conservation measures are more aggressive than the historic implementation rates for both the existing local 
and regional water conservation programs. As such, implementation of the WCIP may present a challenge to 
member agencies both in terms of actual implementation (i.e., achieving the target penetration rates) and in 
being able to acquire the resources and funding that will be necessary to implement the programs at the levels 
assumed herein.  

It is also recognized that actual implementation of water conservation to achieve a future goal must be 
managed in an adaptive fashion and that individual agencies may need to make choices on a yearly basis about 
what conservation measures to implement within their local jurisdictions, sub-regionally with other agencies, 
or regionally through BAWSCA or the SCVWD. The Bay Area has undergone significant change in recent 
years, and those changes have impacted agencies’ water conservation programs. In order to create and sustain 
successful conservation programs, it is recommended that the BAWSCA program remain flexible to adapt to 
the changing dynamics of the region including, but not limited to, the following factors: 

 Actual water demands are different than projected demands : 

− Population and Employment  growth projections and actual growth patterns may increase or 
decrease over time; and 

− There may be shifts in commercial industry or in population demographics. 

 Water conservation program participation rates may vary: 

− Change in public attitude (for example interest in sustainability and resource conservation, 
successful marketing campaigns); 

− Increasing water and wastewater rates;  

− Availability of supplemental water sources – surface water, reclaimed water, wells, etc.; 

− Level of disposable income of conservation program participants; 

− Ease of implementation for the customer (availability of the technology and public perceived 
ease implementation - these can change with time and program design); 

− New technology and water efficient best management practices; and 

− Data or reports on actual water savings of programs (e.g. Smart Controller report). 
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 External Factors that affect both demand and conservation programs: 

− Economic cycles – recessions or booms;  

− Drought or extreme weather event; 

− Change in trends of housing development (e.g., from single family to multifamily units that 
then impacts the customer base); 

− Other unforeseen events or natural disasters (e.g., earthquakes, fires, floods, climate change) 
that affect the region. 

BAWSCA and the Project Team recognize that measure tracking and evaluation will be key to evaluate the 
success of the various measures included in the WCIP and to allow for either program or target modifications 
or to justify expanded budgets and resource allocations. As such, BAWSCA is in the process of developing a 
database management system this fiscal year is to enable better collection of data regarding the actual water 
conservation activities that individual agencies are pursuing. The database system will also be designed to 
assist BAWSCA to more fully quantify conservation savings associated with actual program activity.  
Further, the Project Team recommends the following strategies to help achieve the penetration (and water 
savings) targets: 

1. Closely monitor program progress for the entire region (not just the BAWSCA regionally managed 
programs). Use program data to refine estimates of current market penetration of fixtures. If the 
savings goals and targets are not being achieved, the agencies may consider program modifications. If 
a program is not successful or cost-effective with the current design, it may be necessary to employ 
other distribution techniques such as, for HETs: 

a. Higher incentives  
b. Direct install  
c. Voucher or point of sale coupons 
d. Give-a-ways at special events  
e. Retrofit on resale 
f. Additional marketing and outreach – point of purchase displays, meeting with large 

stores in the region, etc.  
2. Follow the development of new technologies and consider adding new measures when proven to be 

effective. 
3. Each year the program should be evaluated for adjustments using a tracking tool that will allow 

participation against water savings goals. If major changes are necessary, or the water savings do not 
materialize as planned it may be advisable to complete a full WCIP update in 5 or 10 years using the 
DSS models to evaluate the new programs that have appeared, changes in original programs selected, 
plumbing code changes and actual measure effectiveness. This WCIP update process should be 
designed to enable BAWSCA to realign goals, implementation dates and test measures, or re-design 
measures to understand the current ability of the BAWSCA agencies’ conservation plans to reach 
their target. 

The WCIP was developed in accordance with BAWSCA’s key principle that conservation programs are paid 
for by those agencies that benefit from their implementation. Each of the measures evaluated as part of the 
WCIP were determined to be cost-effective at the regional level based on the known cost of water for 2015. 
As part of the WCIP, BAWSCA member agencies identified a preference for a financing structure based on a 
core program vs. subscription program arrangement. However, in recognition that implementation of these 
water conservation measures is not cheap, alternative methods for funding and financing all types of water 
supply programs, including water conservation, will be part of ongoing discussions between BAWSCA and 
the member agencies. 
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Table 3-1. Baseline Conservation Program Measures Selected by Each BAWSCA Member Agency in 2004 
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BAWSCA Member Agency 

1 2 3 4 5 6 7 8 9a 9b 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

Alameda County Water District X X X X X X X X     X X    X   X  X X      X X   
Brisbane, City of    X  X                X       X     
Burlingame, City of X X  X X X   X X     X                   
CWS - Bear Gulch District X X   X X  X X X   X X X X       X           
CWS - Mid Peninsula District X X   X X  X X X   X  X      X  X X         
CWS - South San Francisco 
District X X X  X X X  X X   X  X        X X        X X 

Coastside County Water District X  X X X X  X X X     X       X X       X   X 
Daly City, City of  X X X X X X X X X   X  X      X  X       X    
East Palo Alto, City of X X X  X X X  X X   X  X X  X X X X X       X   X X 
Estero MID/Foster City                                  
Guadalupe Valley MID    X  X                X       X     
Hayward, City of  X X  X X X X      X X X X     X X X        X  
Hillsborough, Town of X    X X        X X  X                 
Menlo Park, City of  X  X X X         X       X X          X 
Mid-Peninsula Water District X X   X X     X            X  X         
Millbrae, City of X X X X X X  X X X    X        X X           
Milpitas, City of X X X X X X X X X X             X X          
Mountain View, City of X X X  X X X X X X             X           
North Coast County Water 
District                                  

Palo Alto, City of X X X  X X X X     X X    X     X X   X       
Purissima Hills Water District X X    X        X                    
Redwood City, City of X X X X X X X X X X    X    X   X  X       X X   
San Bruno, City of     X X  X X X   X  X        X      X     
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Table 3-1. Baseline Conservation Program Measures Selected by Each BAWSCA Member Agency in 2004 
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BAWSCA Member Agency 

1 2 3 4 5 6 7 8 9a 9b 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
San Jose, City of  
(north San Jose) X X X  X X X X     X X         X X    X   X   

Santa Clara, City of X X X  X X X X X X    X X       X X X          
Skyline County Water District X X   X    X  X            X X          
Stanford University1 X X  X X X   X X   X X        X X      X     
Sunnyvale, City of X X X  X X X X X X           X  X           
Westborough Water District X    X X   X X                        

NOTE: An “X” in the table for a certain agency and certain measure denotes that the agency chose the respective measure in 2004 and does not reflect programs actually implemented by agencies. Agencies may have implemented other measures that are not reflected in this table. This table represents 
measures that agencies committed to implementing during the SFPUC 2004 study. Though some agencies chose to not commit to implementing some or any of the measures included in the 2004 SFPUC study), they may have in fact implemented measures that were not previously committed to implementing. 
The absence of an “X” for a certain agency and certain measure denotes that the agency did not choose the respective measure in 2004, and the respective measure is not included in the agency’s DSS model 
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Measure 
Number 

Target Customer 
Category Measure Description of Conservation Activity 

Potential to Save 
More Than 

1 MGD by 2030? 

Relative 
Unit Cost 
($/MG)* 

Rank Five 
Preferred New 

Measures 
(1 through 5, 

with 5 being top 
priority) 

NM-1 RSF, RMF, CII Install High-efficiency Toilets 
(HETs) and showerheads 

Installation for 25 percent of existing accounts over 10 years (patterned after Redwood 
City program). Evaluated in 2005 for RWSO4. (this measure was  later revised as 
discussed in Section 3.3) 

Yes Moderate  

NM-2 RSF Education and Training 
Programs 

Combine existing measures 14, 15, 16 into one program run by BAWSCA focusing on 
training homeowners in efficient landscaping and irrigation principals. Target approx 0.1 
percent of homes per year. Evaluated in 2005 for RWSO4 

Yes Low  

NM-3 RSF Rain Sensor Rebates Provide rebates for rain sensor retrofit of existing irrigation controllers (15 percent of 
existing accounts over 10 years). Evaluated in 2005 for RWSO4  No Low  

NM-4 CII Replacement of Urinals Provide rebates for replacement of 25 percent of existing CII urinals with 0.5 gal/flush 
models over 10 years. Evaluated in 2005 for RWSO4 Yes Moderate  

1 RSF Single Family Water Surveys 
with AMS 

Indoor and outdoor water surveys for existing single-family residential customers. 
Normally those with high water use are targeted and provided a customized report on 
how to save water in their home. Survey would be enhanced by the availability of hourly 
consumption data from Automatic Metering System (AMS) system indicating to the 
customer where and how their water is used thereby facilitating water use reduction. 
This would require Agency to install an AMS system. Plan at least one percent of 
accounts receiving surveys per year starting in 2018. 

Yes High  

2 RMF Multifamily Surveys with AMS 

Indoor and outdoor water surveys for existing multifamily residential customers (5 units 
or more). Normally those with high water use are targeted and provided customized 
report to owner Survey would be enhanced by the availability of hourly consumption 
data from AMS system indicating to the customer where and how their water is used 
thereby facilitating water use reduction. This would require Agency to install an AMS 
system. Assume one percent of accounts surveyed annually starting in the year 2018. 

No Moderate  

3 RSF Washer Rebates for High-
efficiency Machines 

Homeowners would be eligible to receive a rebate on a new high water efficient clothes 
washer. It is assumed that the rebates would remain consistent with relevant state and 
federal regulations (Department of Energy, Energy Star) to only offer the best available 
technology. Assume rebates given to 2 percent of residential customers each year 
concluding in the year 2014.  

No Low  
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Measure 
Number 

Target Customer 
Category Measure Description of Conservation Activity 

Potential to Save 
More Than 

1 MGD by 2030? 

Relative 
Unit Cost 
($/MG)* 

Rank Five 
Preferred New 

Measures 
(1 through 5, 

with 5 being top 
priority) 

4 New Development 
(ND)-1 

New Building Indoor Water 
Efficiency 

Require developers to install the following devices where applicable: (1) HET; (2) High-
efficiency Clothes Washer; (3) Energy Star Dishwasher; (4) High-efficiency Faucets and 
Showerheads; (5) Efficient Hot Water Delivery System; (6) Multifamily submetering; (7) 
0.5 gal/flush urinals in new commercial buildings. These requirements are similar but 
slightly more stringent than both EPA's Water Sense for New Homes and EBMUD's 
current new connection regulations adopted in 2007. 

Yes, possibly 5 
MGD Low  

5 ND- 2 New Building Landscape 
Water Efficiency 

Agency adopts ordinance to require developers to install the following devices/systems 
where applicable for landscaping around any new building: (1) Efficient landscaping with 
either a turf limit (such as no more than 40 percent) or a water budget approach (such 
as design to achieve 60 percent of reference evapotranspiration [ETo]); (2) State of the 
art irrigation controller (may be a weather adjusting controller in the future). These 
requirements are a blend of both EPA's Water Sense for New Homes and EBMUD's 
current new connection regulations adopted in 2007. 

Yes, close to 2 
MGD Low  

6 ND-3 - CII Plan 
Review 

Require Plan Review for new 
CII 

Require plan reviews for water conservation for all new business customers. Agency will 
encourage installation of the most water efficient equipment where feasible. No Moderate  

7 Irrigation Artificial Turf Sports Fields Provide an incentive to install artificial grass on at least one sports field per year. No, very small Moderate  

8 RSF Cisterns Provide an incentive to assist set number of single family homeowners per year with 
installation of rain barrels. No, very small High  

9 RSF Garbage Disposal RSF Encourage set number of single family homeowners per year with garbage disposal 
removal. No, very small Moderate  

10 RSF Graywater New RSF Provide an incentive to assist builders of set number of single family homes per year 
with plumbing for future gray water system installation. No, very small High  

*Estimated Relative Costs 
High  >$2,000 per MG 
Moderate  $500 - $2,000 per MG 
Low  <$500 per MG 
MG = Million Gallons 
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Table 3-3. Description of Conservation Measures Selected for Further Evaluation 

 Conservation Measure Measure Description 
MEASURES INCLUDED IN THE 2004 STUDY 

1. Residential Water Surveys Provide indoor and outdoor water surveys to existing Single-Family and Multi-Family residential retail customers with high water use; provide customized 
report to homeowner. 

2. Residential Retrofit Provide owners of pre-1992 homes with retrofit kits that contain easy-to-install low flow showerheads, faucet aerators, and toilet tank retrofit devices. 

3. Large Landscape Conservation 
Audits 

Provide free landscape water audits to all public and private irrigators of landscapes larger than one acre with separate Irrigation accounts upon request. 

4. Water Budgets Provide a monthly irrigation water use budget as information on the water bill for all irrigators of landscapes larger than one acre with separate Irrigation 
accounts.  

5. Clothes Washer Rebate Provide a rebate on a new water efficient clothes washer for homeowners. 

6. Public Information Program Provide public education to raise awareness of conservation measures available to retail customers. Programs could include poster contests, speakers to 
community groups, radio and television time, and printed educational material such as bill inserts, etc. 

7. Commercial Water Audits Provide a free water audit to high water use Commercial accounts that evaluates ways for the business to save water and money. 

8. Ultra low flow (ULF) Toilet and Urinal 
Rebates 

Provide rebates to pre-1994 businesses with high use fixtures for commercial ULF toilets (1.6 gal/flush) and commercial ULF urinals (1.0 gal/flush). 

9. Residential ULF Toilet Rebate Provide a rebate to homeowners to replace an existing high volume toilet with a new water efficient toilet. 

10. 
Require 1.6 gal per flush toilets to be 
installed at the time of sale of 
existing buildings 

Work with the real estate industry to require a certificate of compliance be submitted to the water utility verifying that a plumber has inspected the RSF or 
RMF property and efficient fixtures were either present or installed at the time of sale, before close of escrow. 

11. Home Leak Detection and Repair Use leak detection equipment to determine whether and where leaks are occurring on the premises and provide a plumber to the retail customer to repair 
leaks for free. 

12. Rebates for 6/3 dual flush or 4 liter 
toilets 

Provide a rebate or voucher for the retrofit of a 6/3 dual flush, 4-liter or equivalent very low water use toilet. Rebate amounts would reflect the incremental 
purchase cost and would be in the range of $50 to $100 per toilet replaced. 

13. Evapotranspiration (ET) Controller 
Rebates 

Provide a rebate for the latest state of the art irrigation controllers with on-site temperature sensors or a signal from a central weather station that 
modifies irrigation times at least weekly (preferably daily) as the weather changes.  

14. 
Xeriscape education and staff 
training at retail garden/irrigation 
supply houses 

Sponsor training for staff of stores where plants and irrigation equipment is sold to educate sales people about the benefits of native (low water use) 
plants, efficiently irrigated. 

15. Homeowner irrigation classes Sponsor classes at stores where irrigation equipment is sold or other suitable venues on selection and installation of efficient equipment (drip irrigation, 
smart controllers, low volume sprinklers, etc.) and proper plant. 
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Table 3-3. Description of Conservation Measures Selected for Further Evaluation 

 Conservation Measure Measure Description 

16. 
Promote water efficient plantings at 
new homes 

Provide information for planting water-efficient landscaping, including avoiding strip turf sections that are difficult to water efficiently and using native 
plants that do not require supplemental watering. Information would be provided in brochures with the water bill, or mailed. Informational displays at 
Water Utility offices and nurseries could also be provided. 

17. Incentives for replacement of clothes 
washers in coin-operated laundries 

Provide incentives to apartment and coin-op laundry managers to retrofit or use efficient clothes washers. The rebate would either go to the manager or 
the washing machine leasing company. 

18. Incentives for retrofitting sub-
metering 

Rescind any regulations that prohibit sub-metering of multi-family buildings and encourage sub-metering through water audits and direct mail promotions, 
and/or incentives to building owners. 

19. Require sub-metering multifamily 
units 

Require all new multi-family units to provide sub-meters on individual units. To help reduce financial impacts on tenants, regulations would be adopted 
that specify acceptable methods of metering and billing. 

20. Rebate efficient clothes washers Provide a rebate to new apartment complexes over a certain size with a common laundry room equipped with efficient washing machines. 

21. 
Enforce landscape requirements for 
new landscaping systems (turf 
limitations / regulations) 

Enforce existing requirements on use of native or low-water-using plants for landscaping purposes. Proof of compliance would be necessary to obtain a 
water connection on all new Multi-Family Residential and commercial projects. Non-compliers would face a surcharge on their water bill until they 
complied. 

22. Restaurant low flow spray rinse 
nozzles 

Provide free installation of 1.6 gallon per minute (gpm) spray nozzles for the rinse and clean operation in restaurants and other commercial kitchens. 

23. Focused water audits for 
hotels/motels 

Provide free water audits to hotels and motels covering bathrooms, kitchens, ice machines, cooling towers and irrigation system schedules. 

24. 
WAVE Program (US EPA) for hotels Provide hotels with information about the US EPA’s WAVE program. This program encourages hotels to do their own water audit and then analyze their 

water use with the software provided. The software identifies water saving projects and computes paybacks. Hotels that agree to participate in the 
program also agree to install cost-effective water conserving equipment. 

25. Hotel retrofit (w/financial assistance) Following a free water audit offer participating hotels a rebate for identified water saving. Provide a rebate schedule for certain efficient equipment such 
as air-cooled ice machines for hotels that don’t participate in an audit. 

26. Award program for water savings by 
businesses 

 Sponsor an annual awards program for businesses that significantly reduce water use. Provide a plaque, presented at a lunch with the mayor. 

27. Replace inefficient water using 
equipment 

Provide a rebate for a standard list of water efficient equipment including icemakers, efficient dishwashers, cooling towers to replace once through 
cooling, irrigation controllers, and certain process equipment. 

28. Require 0.5 gal/flush urinals in new 
buildings 

Require new buildings be fitted with 0.5 gal/flush urinals. 

29. Financial incentives for complying 
with water use budget 

Link a landscape water budget to a rate schedule that penalizes the account holder for exceeding its water budget and rewards them for using less than 
the budget. 

30. Financial incentives for irrigation 
upgrades 

Provide rebates for selected types of irrigation equipment upgrade.  
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Table 3-3. Description of Conservation Measures Selected for Further Evaluation 

 Conservation Measure Measure Description 

31. Require dedicated irrigation meters 
for new accounts 

Require new accounts with a substantial amount of irrigated landscape have dedicated landscape meters and are charged on a separate rate schedule 
that recognizes the high peak demand placed on the system by irrigators. 

32. Water Utility / City Department water 
reduction goals 

Provide water use reduction goals for metered City and County accounts and offer audits and employee education. 

ADDITIONAL/NEW MEASURES INCLUDED IN THE 2008 STUDY 

NM-1 High-efficiency Toilet Rebates HET rebate program for to replace high flow toilets. It is assumes the rebate goal will be approximately 1 percent of all toilets each year. For budgeting 
purposes this is similar to having one toilet rebate for approximately 3 percent of the year 2010 RSF, RMF and CII accounts. 

NM-2 
Education/Training External Water 
Use Efficiency 

Combination of three types of training classes: (1) Xeriscape, (2) Homeowner Irrigation, and (3) Promotion of Water Efficient Plants.  
Assume all savings are implemented for RSF accounts. Number of accounts affected is computed on a regional basis and then divided among service 
areas. REGIONALLY: 20 class sites, 4 class/year/site, 50 attendees/class, 1 affected-account/attendee. 20 x 4 x 50 x 1 = 4000 affected accounts.  

NM-5 High-efficiency Washer Rebates HEWs rebate program for 27 percent of residential accounts over 9 years. 

NM-6 
New Development Indoor 
Regulations 

Require developers to install the following devices where applicable: (1) HET; (2) High-efficiency Clothes Washer; (3) Energy Star Dishwasher; (4) High-
efficiency Faucets and Showerheads; (5) Efficient Hot Water Delivery System; (6) Multifamily submetering. These requirements are similar but slightly 
more stringent than both EPA's Water Sense for New Homes and EBMUD's current new connection regulations adopted in 2007. 

NM-7 
New Development Outdoor 
Regulations 

Agency adopts ordinance to require developers to install the following devices/systems where applicable for landscaping around any new building: (1) 
Efficient landscaping with either a turf limit (such as no more than 40 percent) or a water budget approach (such as design to achieve 60 percent of ETo); 
(2) State of the art irrigation controller (may be a weather adjusting controller in the future). These requirements are a blend of both EPA's Water Sense 
for New Homes and EBMUD's current new connection regulations adopted in 2007. 

 School Education – Resource Action 
Programs 
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Table 3-4. Program-Specific Conservation Evaluation Results for BAWSCA Member Agencies through 2008 

Conservation Program 

2008 Water 
Savings  
due to 

Conservation 
Programs  

(MGD)3 

2008 Outdoor 
Water 

Savings  
due to 

Conservation 
Programs  

(MGD)3 

Present Value 
of Water Utility 
Costs ($1,000) 
through 20082 

Water Utility 
Benefit-Cost 

Ratio 
through 

20082 

Water Utility 
Cost of 

Water Saved 
through 

2008 ($/AF)2 

Present Value 
of Community  
Costs ($1,000)  
through 20082 

Community 
Benefit-Cost 

Ratio  
through 

20082 

Community 
Cost of Water 

Saved 
through 2008  

($/AF)2 

Total 
Potential 

Water 
Savings  
in 2008  
(MGD)3 

Incremental 
Increase in 

Savings 
(MGD)3 

Plumbing Code1 NA NA NA NA NA NA NA NA 5.4 NA 

Baseline Conservation 
(2004 measures) 

4.6 2.3 $18,558 1.1 $947 $29,887 1.0 $1,526 10.0 4.6 

1Plumbing code savings represent water use savings associated with the natural replacement of plumbing fixtures with water-efficient models (i.e., toilets, showerheads, and washing machines). 
2Benefits and costs in 2001 dollars 
3 Water savings based on measures were believed to be appropriate for the area in 2009. Water savings estimated were based on best available information at the time of the study. Actual water savings may be higher or lower than 
stated in this report for a variety of reasons.  

 
Table 3-5. Program-Specific Conservation Evaluation Results for BAWSCA Member Agencies through 2018 

Conservation Program 

2018 Water 
Savings  
due to 

Conservation 
Programs  

(MGD)3 

2018 Outdoor 
Water Savings 

due to 
Conservation 

Programs  
(MGD)3 

Present Value 
of Water Utility 
Costs ($1,000) 
through 20182 

Water 
Utility 

Benefit-
Cost Ratio 

through 
20182 

Water 
Utility 

Cost of 
Water 
Saved 

through 
2018 

($/AF)2 

Present Value of 
Community  

Costs ($1,000)  
through 20182 

Community 
Benefit-Cost 

Ratio  
through 

20182 

Community 
Cost of Water 
Saved through 

2018 
($/AF)2 

Total 
Potential 

Water 
Savings  
in 2018  
(MGD) 3 

Incremental 
Increase in 

Savings 
(MGD) 3 

Plumbing Code1 NA NA NA NA NA NA NA NA 16.5 NA 
Baseline Conservation 
(2004 measures) 

9.4 4.9 $44,148 2.3 $397 $72,519 1.9 $652 25.9 9.4 

Updated Conservation 
(2004 and 2008 
measures) 

17.8 6.5 $88,394 1.7 $550 $280,609 0.8 $1,747 34.4 8.4 

1Plumbing code savings represent water use savings associated with the natural replacement of plumbing fixtures with water-efficient models (i.e., toilets, showerheads, and washing machines). 
2Benefits and costs in 2001 dollars 
3 Water savings based on measures were believed to be appropriate for the area in 2009. Water savings estimated were based on best available information at the time of the study. Actual water savings may be higher or lower than 
stated in this report for a variety of reasons.  
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Table 3-6. Program-Specific Conservation Evaluation Results for BAWSCA Member Agencies through 2030 

Conservation Program 

2030 Water 
Savings  
due to 

Conservation 
Programs  

(MGD)3 

2030 Outdoor 
Water Savings 

due to 
Conservation 

Programs  
(MGD) 3 

Present Value  
of Water Utility 
Costs ($1,000) 
through 20302 

Water 
Utility 

Benefit-
Cost Ratio 

through 
20302 

Water 
Utility 

Cost of 
Water 
Saved 

through 
2030 

($/AF)2 

Present Value of 
Community  

Costs ($1,000) 
 through 20302 

Community 
Benefit-Cost 

Ratio  
through 

20302 

Community 
Cost of Water 

Saved 
through 2030 

($/AF)2 

Total 
Potential 

Water 
Savings  
in 2030  
(MGD) 3 

Incremental 
Increase in 

Savings 
(MGD) 3 

Plumbing Code1 NA NA NA NA NA NA NA NA 29.4 NA 
Baseline Conservation 
(2004 measures) 

10.5 6.3 $55,803 3.4 $227 $90,320 2.8 $367 39.9 10.5 

Updated Conservation 
(2004 and 2008 
measures) 

23.0 9.9 $103,528 3.3 $235 $426,081 1.2 $968 52.4 12.5 

1Plumbing code savings represent water use savings associated with the natural replacement of plumbing fixtures with water-efficient models (i.e., toilets, showerheads, and washing machines). 
2Benefits and costs in 2001 dollars 
3 Water savings based on measures were believed to be appropriate for the area in 2009. Water savings estimated were based on best available information at the time of the study. Actual water savings may be higher or lower than 
stated in this report for a variety of reasons. 
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Table 3-7. Glossary of Terms 
Term Definition 

“30-year” annual average water savings “30-year” annual average water savings represents the water savings for implementing a 
conservation measure averaged over the 30-year analysis period. 

2001 DSS base year water demand Estimated 2001 DSS base-year water demand developed during the SFPUC Wholesale Customer 
Water Demand Projections Study. 

2030 demand increase (new demand) 
from 2001 

The difference between water demand in 2001 and 2030. Calculated by subtracting the 2001 
demand from the 2030 demand. 

2030 DSS projected water demand Projected DSS water demand for the year 2030 developed during the SFPUC Wholesale 
Customer Water Demand Projections Study. 

2030 outdoor water savings due to 
conservation programs 

The amount of outdoor water savings in the year 2030 achieved due to the implementation of a 
conservation program.  

2030 water savings due to conservation 
programs The amount of water saved in the year 2030 due to the implementation of a conservation program. 

Account Used by water suppliers to bill for water use measured by a water meter for retail customers; one 
account per meter. 

Average gal/day/acct The amount of water in gallons that is used per day per account and averaged over a period of 
time (year, month, etc.). 

Base year The starting year for the water demand analysis; the year used to establish initial conditions. The 
base year for this study is 2001. 

Census 2000 
Data provided by the United States Census Bureau. Census 2000 data (U.S. Census Bureau 
2002) were used as a resource to obtain population, household sizes, dwelling units by building 
type, and age of structures for each individual city and unincorporated areas serviced by the water 
agencies (wholesale customers). 

Consumption by customer class Annual amount of water used and billed by each customer class or category (Single-Family 
Residential, Multi-Family Residential, Commercial, Industrial, etc.) 

Cost of water saved 
Cost of water saved is calculated by taking the present value of the water utility costs and dividing 
by the cumulative amount of water saved over the 30-year analysis period. We express it as $/MG 
or $/AF. 

Cost-effective For purposes of this study, the definition of cost-effective is being less expensive than the water in 
2015. For water purchased from SFPUC, that cost is $1076/AF. 

Customer class Customer-billing category specific to the types of retail customer (Single-Family Residential, Multi-
Family Residential, Commercial, Industrial, etc.) 

Customer unit cost 
Customer costs represent the customer’s share of the cost to implement the measure. For 
example, if the rebate on a clothes washer only covers one-third of the cost difference to purchase 
an efficient model that is eligible for the rebate, then the customer’s cost is the difference required 
for the purchase and installation. 

Customer-billing category 
A designation used by water agencies to categorize groups of water users in a billing system. 
Common customer-billing categories include Single-Family Residential, Multi-Family Residential, 
Commercial, and Industrial. 

DSS model 
Demand Side Management Least-Cost Planning DSS model; an end-use model used to develop 
water demand projections for this study. The end-use model approach uses growth in number of 
accounts and a complete breakdown of water uses by customer-billing category (“end uses”) to 
forecast water demands. 

End use The ultimate use of the water; can be a fixture, appliance, or other category of water use within an 
account. 

Evapotranspiration (ET) Loss of water from soil both by evaporation and by transpiration from the plants growing thereon. 

First five years utility cost First five years utility cost is the cost (sum of the actual costs) to the utility of implementing the 
conservation measure during the first five years of the measure. 

Fixture Any plumbing device in homes or businesses using water such as toilets, showers, or faucets. 
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Table 3-7. Glossary of Terms 
Term Definition 

Implementable 

For purposes of this study, an implementable conservation measure is a measure that an 
individual wholesale customer believes can be funded and implemented with success in its service 
area (i.e. meets stated targets or activity goals). An implementable program is a program that 
consists of a number of measures that can be run concurrently by the individual wholesale 
customer, can be financed concurrently by an individual wholesale customer, and can be 
implemented successfully in the customer’s service area. 

Indoor water use The amount of water used indoors in an account for uses such as toilets, laundry, showers, 
faucets, dishwashers, etc. 

Market penetration goal 
The market penetration goal for a measure is the extent to which the product or service related to 
the conservation measure occupies the potential market. This is also sometimes referred to as the 
installation rate goal. The market penetration goal is often expressed in terms of the number of 
fixtures, rebates, surveys, etc., offered or conducted per year. 

Measure life 

The measure life is how long the water savings from implementing a measure can be expected to 
last. Measure life is expressed in terms of years. In general there are two categories of measure 
life (1) those measures that have a “permanent life” and (2) those measures that have a “finite life.” 
Measures with a permanent life include those measures whose water savings essentially last 
forever. Measures with a finite life experience water savings that decay or are reduced over time.  

Measure water savings 
Water savings for each conservation measure are considered in terms of end-use water 
reductions. To determine how much water is saved from implementing each conservation 
measure, water reductions are applied to the specific end use targeted by the conservation 
measure and are expressed as a percent reduction in water use per end use. 

Multi-Family Residential Residential customer class including more than one dwelling unit on a single meter, such as 
condominiums or apartment buildings. 

Net utility benefit Net utility benefit is the present value of the utility benefits less the present value of the utility costs. 
Measures with benefit-cost ratios less than 1.0 have a negative net utility benefit. 

Outdoor water use The amount of water used outdoors in an account for uses such as irrigation and car washing. 
Per-capita use Water use per person. 

Present value of water-utility costs The present value of the total utility cost of implementing a measure over the 30-year analysis 
period 

Program length 
The measure length is the amount of time the measure must be implemented in order to achieve 
the market penetration goal. Measure length is expressed in terms of years. Some measures are 
intended to run indefinitely to reach the market penetration or maintain the water savings 
associated with the market penetration goal. 

Reasonable 
For the purposes of this study, a reasonable range of conservation potential represents the range 
of water savings that seems achievable based on service area water use characteristics, retail 
customer behavioral patterns, budgetary consideration, and ease of implementation within the 
individual wholesale customer service area. 

Recycled water Treated water available for nonpotable reuse. 
Single-Family Residential Residential customer class including single-family dwelling units. 

Target water user group Targeted water user groups could include RSF; RMF; CII; and public (PUB). Measures may apply 
to more than one water user group.  

Total potential 2030 water savings The potential water savings in the year 2030 due to the plumbing code and implementing 
conservation programs. 

Total utility-customer benefit-cost ratio 
Total utility-customer benefit-cost ratio is calculated by taking the present value of the water saved 
plus reduced retail customer energy costs (present value of utility water benefits and customer 
energy benefits based on water’s projected value in the year 2015) divided by the present value of 
the total utility and retail customer costs of implementing a measure over its life 
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Table 3-7. Glossary of Terms 
Term Definition 

Water loss 
The mathematical difference between amount of water produced in a system and water billed to 
customers (water consumed). This water is often referred to as “lost” water and includes water 
delivery system leaks and water not billed or tracked in the system (i.e., water used for flushing 
water system pipelines, fire fighting). 

Utility administration and marketing costs 

Utility costs also include an administrative cost that covers the cost to the utility of the staff 
administering the measure. The administrative cost often includes consultant contract 
administration, marketing and participant tracking. The administrative cost is expressed as a 
percentage of the cost of the utility unit cost (rebate, incentive, or consultant cost per participant) to 
implement the measure.  

Utility unit cost Utility unit costs include the costs of rebates and incentives and contractors hired to implement 
measures. Utility unit costs exclude administrative costs. 

Water consumed Water billed to retail customers in a wholesale customer service area. 

Water demand projections Estimates of water demands for the future based on applying a projection (or growth forecast) to 
an established base-year value. 

Water produced Water produced is the total of water consumed plus water loss. This includes water purchased 
from others (such as SFPUC), groundwater, or other sources. 

Water purchased Same as water produced for agencies with a single source of water, such as those who buy all 
their water from SFPUC. 

Water savings as a percentage of total 
new demand 

The water savings due to conservation programs taken as a percentage of the 2030 total new 
demand (demand increase from 2001 to 2030). 

Water savings decay 
Water savings decay is the reversal of the water use reductions achieved through implementing a 
conservation measure. Water savings decay occurs in two ways: (1) as a result of an end user’s 
behavioral change and (2) as a result of a fixture’s loss of water conservation. 

Water utility benefit-cost ratio 
Water utility benefit-cost ratio is calculated by taking the present value of the water saved (present 
value of the benefits based on water’s projected value in the year 2015) divided by the present 
value of the total utility cost of implementing a measure over the 30-year analysis period.  

Wholesale customer Water agency purchasing water from SFPUC for distribution to retail customers in their service 
area.  
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

4 .  S U R V E Y  O F  O T H E R  W A T E R  C O N S E R V A T I O N  
I M P L E M E N T A T I O N  A N D  F I N A N C I N G  S T R A T E G I E S  

4.1 Background 
The Project Team worked with the Working Group to develop a WCIP that would facilitate low cost, 
efficient water conservation program implementation with the goal of maximizing water savings. As part of 
this effort, the Project Team reviewed information the existing water conservation programs being offered by 
others (i.e., individual BAWSCA member agencies and other regional water agencies). Preliminary concepts 
for regional water conservation program implementation and financing opportunities were identified and 
evaluated as part of the WCIP development. 

4.2 Local and Regional Conservation Program Surveys 

4.2.1 Local Survey Results 

A survey was conducted of the BAWSCA member agencies at the November 10, 2008 Working Group 
Meeting. Responses were received from 25 of the BAWSCA member agencies. The questions asked as part of 
the survey were designed to get open-ended responses from each member agency on that agency’s perception 
of the benefits, challenges, and need for a regional water conservation program.  

The six questions asked in the survey included: 
1. What BMPs or parts of BMPs or conservation activities is your agency currently implementing well 

and do not want to change course to participate in a regional program? 
2. What BMPs or activities are most challenging that your agency you feel may need more help on? 
3. How can BAWSCA help implement regional conservation to capture cost savings to your agency? 
4. What benefits do you perceive beyond financial cost savings to participating in a regional program? 
5. What downsides do you perceive? 
6. Other comments? 

Table 4-1 includes a summary of the BAWSCA member agency responses to the survey, grouped by the 
following categories: 

 Benefits of regional program participation (beyond financial cost savings) 

 Challenges of BMP/activities implementation 

 Agencies’ needs for BMP/activities implementation 

 Unique Comments 
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4.2.2 Regional Survey Results 

The Project Team identified possible implementation strategies for each water conservation measure and 
conducted a survey of five other regional agencies that have implemented regional water conservation 
programs to gather information related to how those agencies approached program implementation and 
financing. The following five regional agencies were selected because (1) their programs had similar 
characteristics and goals to BAWSCA’s program, and (2) their programs had been in place for more than 
5 years with multi-million dollar budgets.  

 Saving Water Partnership (SWP) – Seattle Public Utilities and 17 retailers 

 Sonoma County Water Agency (SCWA) – Regional Saving Water Partnership 

 Regional Water Authority (RWA) Water Efficiency Program 

 SCVWD 

 San Diego County Water Authority (SDCWA) 

Table 4-2 outlines the questions that guided the survey that was conducted on the regional agencies. 
Table 4-3 gives some general information about each agency’s program. Highlights and lessons learned from 
these regional programs are provided in Table 4-4 (and information is provided from the perspective of the 
responding agency).  

From the survey of regional agencies, the Project Team gleaned advice related to development and 
implementation of BAWSCA’s program over the coming years, including the following: 

 Maintain flexibility in the program and approaches, given that changes are bound to occur and may 
include:  

− Changes to BMP implementation requirements of DWR UWMPs, United States Bureau of 
Reclamation (USBR) Water Management Plans, and CUWCC voluntary MOU, or other third 
party; 

− New technologies may emerge, while others become outdated;  

− Grants and funding partnerships provide unique opportunities that can influence cost 
effectiveness; and  

− Over time, some agencies may opt to join programs, and others may choose to stop 
participating. Consider a minimum threshold (i.e., number of agencies or dollar value) to 
support the regional core and/or subscription programs.  

 Track validity of individual measure water savings performance goals, which can be achieved through 
implementation of various methods (i.e., direct install versus rebates), and delivery mechanisms 
(i.e., community based organizations outreach, vouchers, etc.). These measure targets may evolve over 
time to stay current with customer interest, agency needs and technology advancements. Better 
performing measures may warrant additional future funding to meet overall regional water savings 
goals. 

 View any plans as “blueprints” that should be broad enough to include a research and development 
component or “pilot phase” to understand current and appropriate costs and water savings estimates 
to assist with designing future implementation and financing plans.  

 Review regularly (i.e., annually or biannually) the overall feasibility of conducting a program to 
implement a particular measure or suite of measures, in order to determine the evolving level of effort 
and associated budget required.  
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 Consider that subscription programs can be challenging when finalizing agency contracts. Some of the 
finer details may change as the program takes its shape to be launched (i.e., number of participating 
agencies or target number of activities), which can change program costs. It is recommended that 
BAWSCA and member agencies discuss the ranges of program costs upfront. An initial range of costs 
for the subscription program could be included in the member agencies’ draft contracts and, if needed, 
may be updated in the final contract to reflect revised costs. It is also important to consider contract 
language to update changes in increase or decrease of future costs (i.e., annual program fee adjustment 
or upon 60 day notice) for multi-year contracts.  

 Frequently monitor and track progress on water savings targets at the individual agency level. 
Monitoring will allow for tracking regional implementation to meet SFPUC specified water savings 
commitments. It also allows for communicating the success of individual measure implementation and 
overall progress to stakeholders and customers.  

 Leverage education and marketing programs, which are critical and more economical on a regional 
scale. Public outreach campaigns broadcast program opportunities and provide social messaging about 
the need to conserve and help to build traction for implementation of the program. Direct water 
savings for public outreach campaigns are difficult to quantify; however, customer awareness is 
essential to successful implementation of other measures. Every successful regional program has a 
regional outreach messaging campaign.  

 Track market transformation of new technologies, which can be pushed more effectively at the 
regional scale given that change can be leveraged more quickly across service area boundaries. Word-
of-mouth about good products and promotions to support new technologies (e.g., rebates), customers’ 
availability and/or choice of retail locations often cross water service boundaries. A regional brand for 
outreach helps bridge this challenge to clearly communicate to customers who is eligible for what 
services or promotions.  

 Leverage funding in terms of partnerships, grants and developer agreements, which can be useful to 
supplement and stretch planned financial investments. Regional grants have both unique advantages 
and challenges, including:  

− Sometimes regional collaboration is the only means for access (e.g., Proposition 84 grants 
require regional projects and is the next source of large-scale state grant support)  

− Trading can occur between participants (underused funds earmarked for one agency can be 
used by another)  

− Administrative tasks can be streamlined regionally, depending on the program design 

− Challenges occur when compromise is needed. Not every agency will get all they want in the 
design of a regional program from level of rebate amount to exact wording they would chose 
on a brochure. Reaching consensus through a collaborative process may take some time and 
effort.  

− Other utilities’ (energy, wastewater and stormwater) service boundaries often do not align with 
water service area boundaries. Regional collaboration helps this communication and 
participation between all parties.  

 Consider the sustainability of financial resources needed for the program’s duration. For water 
conservation programs, especially subscription programs, the sustainability of financial resources 
needed to carry through a program for its duration (minimum annual fiscal budget) needs to be 
estimated carefully. A contingency budget, as appropriate, could help ensure the sustainable funding 
that may be refunded at the end of the project, if not used. A fiscal policy of four or six months of 
estimated operating costs may be a prudent level of funding. A grant funded project should have an 
associated contingency budget.  
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Table 4-1. Summary of Local Survey Responses by Category 

Benefits of Regional Program Participation 
General desire by agencies to participate in regional approach to have “one voice” 
Opportunity for regional information campaigns, including rebates and drought, for higher visibility “brand” 
Opportunity to obtain grant funding and to seek federal dollars 
Potential to conduct regional HET and HEW programs with marketing support (with inspections conducted in-house) 
Opportunity for sharing expertise and for increased public relations, networking, and lessons learned 
Recognition of cost savings due to capture of economies of scale 
Assistance in water savings tracking and measuring 
Potential for agencies to take an active role in tracking levels of implementation and meeting requirements (several agencies) 
Challenges of BMP/Activities Implementation 
Need for “keeping it simple” – less implementation time and more time spent on oversight (turn-key for local agencies) 
Layers of bureaucracy (time constraints) 
Diversity of needs/loss of local control (priorities, level of effort, admin costs) 
Need for compromise (e.g., creativity, eligibility rules, materials, direct control of contractors, timely payments to customers) 
Loss of customer identification with local water supplier 
Agencies’ Needs for BMP/Activities Implementation 
Home/CII/Landscape Surveys with targeting larger users, and follow-up (12 agencies) 
School Education (2 agencies) 
Green Building Support (2 agencies) 
Conservation Pricing Policy and Water Budget Rates (2 agencies) 
Consistency among agencies (e.g., template ordinances, State Model Landscape Ord) (5 agencies) 
Verification of water savings (3 agencies) 
Unique Comments 
Need for help with all BMP measures 
Push more direct install programs (turn-key for customer) 
Peer pressure to do non-cost effective measures in service area to participate regionally, hard to get policymaker buy-in  
Funding challenges to participate (smaller agencies) 
Workshops (GreenPlumber, Landscape Professionals) 
Landscape Plan Review 
Meter upgrades 
Water waste enforcement support 
Environmental Sustainability Task Force – “limited resource perspective” 
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Table 4-2. Regional Water Efficiency Programs - Financing and Implementation Survey Questions 
General 
1. What is the geographical area served by this entity? 
2. What is the approx, population served? 
3. How many retailers are served? 
4. Is the organization a water wholesaler or what is their form/governance? 
5. What are the stated goals of the organization? 
6. How many retail utilities participate in water conservation programming? 
7. Name of key staff/contact, contact information. 
Conservation Program Structure 
1. What are the drivers that created and sustain the conservation program? 
2. Regulatory mandates for conservation? 
3. State or county planning requirements and reporting needs? 
4. Local need for more sustainable water supplies (scarcity issues)? 
5. Water supply or discharge limitation? 
6. Public or political pressure? 
7. Pre-requisite of other funding opportunities or planning efforts?  
8. Strictly voluntary? 
9. How have these drivers helped shape the regional basis program? 
10. Are there an existing set of principles which the program adheres to? If yes, how were those developed and how have they been adopted? 
11. Why is the program helpful to local utilities? 
12. Are there issues with local versus regional control? How were those navigated? 
13. Is there overlapping jurisdiction with other water utilities? How is that handled? 
14. Is there any staff sharing from local utilities (water, wastewater, stormwater)? 
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Table 4-2. Regional Water Efficiency Programs - Financing and Implementation Survey Questions 
Program Funding and Business Planning 
1. How is the regional program funded and on what time scale? 

– Mandated participation and payment? If so, by whom? 
– Contractual requirement (e.g., wholesale, retail agreements?) 
– Voluntary dues? 
– Budgeted yearly? Multiple year? As needed basis? 

2. How is the fees/dues structure based? 
– Number of connections 
– Amount of water purveyed (total or by sector) 
– Per capita in service area 
– Other 

3. What partnership funding (from within the group of water agency receiving benefits) helps support the program? How was this negotiated? 
4. Do you have volunteer or in-kind support of the program? How is coordinated? What lessons learned can you offer? 
5. Do you have grant funding support of the program? How do you decide what grants to pursue? How are matching funds gained and 

collected or documented through members? 
6. How is Strategic and Business Planning conducted? 
7. May I have a copy of your Strategic Plan, Business and/or Financing Plan? 
8. If the plan does not cover financial details may I have the amount: 

– Budgeted for water conservation overall program 
– Budgeted for Public Outreach 
– Budgeted for School Outreach 
– Budgeted for landscape program, or percent of overall program or by individual measure (ET, surveys, workshops, gardens, soil 

probes, etc) – in real numbers or as a percent 
– Budgeted for CII program, or percent of overall program or by individual measure (water surveys, workshops, fixture and equipment 

rebates, etc) – in real numbers or as a percent 
– Budgeted for Residential Program Measures 

Program Staffing 
1. How many staff work for the regional program or agency related to water conservation? 
2. How many water conservation staff is there for local purveyors in the region? One for each purveyor or more? 
Program Design 
1. Do any have a list of measures and any formal write-ups of the program/measures? 

– What is/was the list of measures selected for implementation? 
– How is/was the intended program designed? 
– What do you feel are the strengths of program/measures designed? 
– What do you feel are the weaknesses of program/measures designed? 

2. Who administers the program and number of needed labor hours (e.g., internal administers, landscape contractor associations, 
homeowner or other community-based organizations)? 

3. What is/was the timeframe for implementation of the program/measure? 
4. What are the advertising methods for each measure? Would you be willing to send us any example handouts or direct us to web sites? 
Program Implementation 
1. Would you please give some examples of successes with implementation? 
2. Would you please give some examples of lessons learned? 
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Table 4-2. Regional Water Efficiency Programs - Financing and Implementation Survey Questions 
Program Measurement and Evaluation 
1. What was the expected participation rate/coverage rate? – program goal/measure goals (number of connections, etc) 
2. What actual participation rates are/were achieved.  
3. What has been effectiveness of meeting targets based on specified evaluation criteria or outcomes (e.g. estimated level of participation, 

water savings goals, and cost effectiveness)? How is performance data gathered, stored and reported? 
4. Has the agency (re)-evaluated their water savings for this program? (Quantified or percentage)? 
5. What obstacles have been encountered, how were they overcome (e.g. budget approvals, contractor issues, legislative delays, lack of 

intended participation levels)? 
6. What improvements have been made or will be made? 
7. If the program/measure was terminated due to unmet expectations, why? 
8. Do you have any background on assumptions or remarks regarding program, savings, budget, etc.? 
9. Do you have any other recommendations? 
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Table 4-3. General Information for Regional Agencies Surveyed  

Agency Regional Geographic Area Served 
No. of Retail 

Agencies Population No. of Conservation Staff 

Annual 
Conservation 

Budget Annual Fee Structure 

Regional Water Authority Sacramento Area, California 22a 1,700,000b 1 full-time, 1 intern $2.4 million 
(including grants) 

$1.18 per connection with 
cap for larger agencies 
at $34,800 

San Diego County Water 
Authority San Diego Area 24c 3,000,000c 

7 full-time and 1 half-time 
(4 landscape, 1 residential, 
1 CII, 1 new executive 
contracts administrator, 1 half-
time integrated planning, 
conservation) 

$2.5 million 
Embedded in wholesaler 
rates (30 percent) rest is 
outside funding DWR, 
USBR, MWD 

Santa Clara Valley Water 
District 

South San Francisco Bay Area, 
California 13d >1,800,000 residentsd 

>200,000 commutersd 5 full-time, 6-10 interns 
$5.5 million 
(added drought 
budget allocation 
of 1.7 million) 

Embedded in wholesaler 
rates plus grant funding 
and cost-sharing from 
retailers 

Seattle Saving Water 
Partnership Seattle Area, Washington 18e 1,044,000e 

1 – Regional Coordinator, 0.5 
time landscape, 0.5 
commercial irrigation hardware 
rebate (very active), 0.5 
residential irrigation hardware, 
1 full-time CII, 1-full time 
multifamily toilet and clothes 
washer rebate, 0.5 
retailer/contracts coordinator 

$500,000 
operating (labor),    
$3.7 million 
capital programs 
(hardware) 

3 percent of total retail 
charges 

Sonoma County Water 
Agency Sonoma County, California 9f >600,000f 

1 principal, 5 program 
specialists, for water education 
1 public information specialists, 
2 program specialists. 

$1.8 million $36.99/AF contracted 

a RWA Final 2007 Annual WEP BMP Report 
b RWA website ("About RWA -- Overview") (obtained Dec 2008) 
c SDCWA Fact Sheet: An Overview (Feb 2008) 
d SCVWD WUE Strategic Plan Phase 1, Final Draft (Sept 2008) 
e Saving Water Partnership 2007 Annual Report (May 2008) 
f SCWA website ("About Us") (obtained Dec 2008)
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THIS PAGE INTENTIONALLY LEFT BLANK 
Table 4-4. Summary of Regional Survey Responses by User Category 

Residential Single Family (RSF) 
 Getting and performing residential surveys is challenging. One-on-one interaction is the best but not cost-effective for our agency to pursue. 

We are considering working with local gardening and nursery associations and relying on our Water Conservation Garden to educate the 
public to make behavioral changes. We are stressing plumbing fixture, appliance and irrigation equipment changes by residential customers 
instead of on-site surveys. Voucher programs are popular because cost savings are instantaneous for the customer. (SDCWA) 

 The Regional Garden Makeover Contest was successful in getting sign-ups for residential surveys. However, it was administratively 
burdensome. Also, the value of the makeover counted as a gift tax to the homeowner; so, some declined the grand prize. (RWA) 

 Regional programs for high-efficiency toilets and clothes washer rebates make a lot of sense for the economies of scale. Best to outsource 
and include annual reporting roll-up in the contract. We very rarely get any customer complaints and the administrative burden is kept down 
to just managing a contractor. (SWP) 

 Residential direct install programs can be really challenging due to repeat calls back on install products. We did a toilet direct install program 
for the CII sector with great success and no calls back. There is a new pilot water-energy program for low-income, disabled and senior direct 
install toilet program that is restarting up with PGE handling all the administration and customer calls back. (SCVWD) 

 One of our retailers, Marin Municipal Water District, started a very successful “Garden Walk” program working with volunteers from local 
Master Gardeners that have been trained on irrigation system efficiency to do our BMP 1 – Residential Surveys. They pay for one Master 
Gardener administrator’s salary to help with managing sign-ups and scheduling of the volunteers. Had over 150 sign-ups in few months with 
marketing at local Master Gardener events. (SCWA) 

Residential Multi-Family (RMF) 
 HETs at $200 per toilet seem to be our local price point, particularly for apartments and hotels where it is cost effective for plumbers to 

support the efforts. At $165 toilets did not move. Grant supported $265 per toilet moved but now added funds ended. We now added $35 per 
toilet to MWD’s program to get to $200 per HET and program is moving. The same consultant was hired by both San Diego Gas and Electric 
and us to work with industry representatives to support and educate all our rebate programs to the plumbing industry which helps Residential 
and CII programs. (SDCWA) 

 The Sacramento region is working on a “green” apartment rating system with local news outlet: Sacramento News & Review who would own 
the publishing rights to the rating system. From the water agency portion, getting multi-family audits and making recommended changes 
verified would be the key to getting a “green” rating. Criteria being development for water, energy, recycling, etc. with other local and state 
agency representatives. (RWA) 

 Targeting multi-family purchasers by attending one or more large trade shows per year. SWP buys booth space, sponsorship; they buy time 
at the podium. We then get sign-ups of guest speakers from property managers who are excited and happy; they are our best sales people. 
It’s the same with all commercial vendors; we work to promote those that work/sell more efficient equipment. It is the same with irrigation 
contractors selling more efficient equipment. Work with vendors, better products, buyer be aware. Most buyers ask for testimonials. Refer to 
business owners that installed something better. We cannot recommend certain vendors (due to liability) but we can tell customers, which 
vendors customers happy with their products and services. (SWP) 

 Benchmarking in terms of efficient and in-efficient buildings. Target off of billing system for landscape and multi-family. Linked consumption 
up to tax base global information system (GIS) maps using the county tax system, along with occupancy information for multi-family customer 
to get consumption for property size. Found that 100 gallons per person per day was high, probably have leaky toilets. We alert the property 
owners that their consumption is above average and educate on our programs. (SWP) 

Commercial, Industrial, Institutional (CII) 
 Sonoma County’s Business Environmental Alliance is funded from our budget at $85,000, which largely goes to interns’ salaries to get the 

business program out there and educate the chambers of commerce on our program and get them signed up for audits. Has a working group 
with representation by one water conservation program specialist. (SCWA) 

 MWD’s Save a Buck program has been successful and could be good model for BAWSCA. We had some challenges with contract language 
to participate initially but we worked it out. (SDCWA) 

 The “Sacramento Sustainable Business” certification program is partially sponsored by the local energy utility, Sacramento Municipal Utility 
District, Regional Sacramento County Sanitation District and last year, Regional Water Authority joined. Audits are required to get the “water 
conservation” certification element (one of five elements). The program is administered by interns at the Sacramento County’s Business 
Environmental Resource Center (BERC) which is converting to a multi-county non-profit group. (RWA) 

 We pay local Chamber of Commerce’s through a contract that outlines expectations and outcomes on the order of $20-30 per toilet to market 
our programs. Business owners listen to other business owners. Especially in Asian and Hispanic business owners want to hear from 
community and other business owners not their utility based on the research we have done. (SWP) 

 Direct install programs can be run effectively on a regional basis for the CII sector. (SCVWD) 
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Table 4-4. Summary of Regional Survey Responses by User Category 
Landscape 
 Recommend working through the supply chain in Working Group concept. Invite industry in to help identify the gaps where utilities have a 

key role in making change happen for both Industry and Landscape sector. For commercial weather-based controllers, we changed our 
criteria where, in order to participate in the program, the landscape contractor has to be trained by manufacturers and we maintain a list on 
who is eligible to participate to get the controllers. It has been a win-win-win where it has served as marketing for the manufacturer, training 
for contractors and moving to more and better irrigation controllers and our rebate dollars going to best use. Through our Smart Landscape 
Grant Program, customers can get pressure regulators, weather based irrigation controller, not device-based, more system-based approach. 
We had no participation in the first year so we had to redesign to this better supply chain concept to get more involvement. Now supply 
houses, landscape contractor outreach and more involvement means more change. Program runs based on limits of up to $2,500 an acre, 
up to $5,000 per site and up to $10,000 per site for public facilities. Now getting into more outreach to Home Owners Associations (HOAs) 
and participation through expanding list of trained landscape contractors. (SDCWA) 

 Water budget software using GIS and satellite imagery. Water Budget program – developed member agencies – City of San Diego had good 
GIS system and another had a billing system based program so we merged the best ideas of the two and went online. Now the software is 
operational, where member agencies can go online for satellite imagery to get water budget and download water billing system data to create 
a water budget. Huge interest in this due to the drought. At the regional level, we can run trends, but cannot see directly customer data which 
was important to retail agencies. We provide the regional programs and tools and strictly deal with retailers and they provide local assistance 
through staff at retailer level with customer interaction. We have learned that our retailers need to have local control in how they participate in 
programs. Helix Water District has taken advantage of our offer for paid interns helping them, where historically they had only done 250 
budgets over years; they got 400 done in just 4 months. We offer any of our 24 retailers to pay salary for interns, if they give us a plan for 
how they are going to use them to meet water conservation goals like this water budget program. (SDCWA) 

 Irrigation Technical Assistance Program (ITAP), setting water budgets, weather based controller program have all been successful and are 
models that can be extended. (SCVWD) 

Public Outreach 
 Every agency had broad regional outreach campaign that was call to action and behavioral oriented based on local messaging.  
 We learned from our marketing research that our landscape campaign was off the mark when we targeted young 20-30 year males. The 

females make a lot of the landscape design and plant selection decisions, where as the males make more of the maintenance decisions 
(e.g., gas or electric mower). So we shifted our outreach program focus on marketing what is ‘beautiful habitat and water efficient.’ (SWP) 

School Education 
 We emphasize student education and capture a lot of adults as a result. We fund a $50,000 Water Education Facility for training and 

$100,000 materials. We have 2 full-time teachers, and one part time plus student interns – 3, 4, 5 grades for Fall and Spring – more than 
double the demand Train the Teachers. We also do Saturdays Project WET and WOW Watershed training, the water cycle class is very 
popular. Assembly programs for Zon, Zon – out of San Jose for 7/8 grades. Number of students 8,225 (cumulative over the years). We also 
have Lending Library in our office lobby where teachers can come by and check out materials and videos. We also have models and 
3 curriculums (mostly water, environmental) and do a poster contest which last year was 556 students. We partner with stormwater. We have 
new Program for 2009 - Lawrence Hall of Science in Berkeley exhibit called WaterWorks – contact person Andrea Amborse, Development 
Programs Director Jan 23-April 18th, marketing materials being developed now. (SCWA) 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

5 .  P R O C E S S  A N D  M E T H O D O L O G Y  U S E D  T O  D E V E L O P  
R E G I O N A L  W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  A N D  

F I N A N C I N G  P L A N  

The following sections describe the input that was provided by the Working Group during the WCIP 
development process, including screening the specific measures for regional implementation by BAWSCA, 
development of an implementation plan that includes both Core and Subscription Programs, and the 
proposed Year 1 BAWSCA Conservation Program for FY 2010 (i.e., July 1, 2009 to June 30, 2010). 

5.1 Screening Process to Determine Which Measures to 
Include in a BAWSCA Regional Plan 

During the January 12, 2009 workshop, the member agencies each completed a survey to identify which 
conservation measures they would prefer to have implemented as part of a BAWSCA regional water 
conservation program (Table 5-1). The survey, shown in Table 5-1, included the 32 conservation measures 
that were previously evaluated as part of the 2004 SFPUC Technical Reports and the five new measures 
shown below that had been identified during the new measure selection process (see Section 3): 

 NM-1: High-efficiency Toilet Rebates 

 NM-2: Education and Training Programs 

 NM-5: High-efficiency Washing Machine Rebates 

 NM-6: New Building Indoor Water Efficiency 

 NM-7: New Building Landscape Water Efficiency 

The Project Team reviewed the results of the completed surveys and established the following screening 
process to assist in determining the top ranking measures: 

 Three types of screening criteria were used to evaluate the measures: 

− Ranking – The Project Team summed the rankings provided for each measure by each member 
agency (see Table 5-2). Each member agency ranked their top measures using a value of 1 to 10, 
with 10 being the highest preference. In addition, each member agency indicated their preference 
for when the measure would be implemented (i.e., Year 1, Years 2-3, Year 4+). 

− Number of Member Agencies – The Project Team summed the number of member agencies that 
voted for regional implementation of each measure during Year 1 (for “High Priority Measures”) 
and during Years 1 through 3 (for “Medium Priority Measures”). 

− Total Service Area Population Served – The Project Team summed the estimated population to 
be served by each measure, based on the populations of the member agencies that selected the 
measure for regional implementation during Year 1 (for “High Priority Measures”) and during 
Years 1 through 3 (for “Medium Priority Measures”). 
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  Two levels of selection criteria were developed to and then applied to screening results. The selection 
criteria were intended to capture the both the number of interested agencies, as well as the total 
population that would be impacted by the measure in question: 

− Primary Selection – The Project Team selected thresholds for each of the three screening 
criteria for High Priority (Year 1) relative to Medium Priority (Year 1-3) measures. Measures 
meeting each of the selection criteria were chosen for implementation. 

− Secondary Selection – The Project Team selected slightly less stringent thresholds for each 
of the three screening criteria. Measures exceeding a mixture of Primary Selection criteria and 
Secondary Selection criteria were chosen for implementation. 

For those measures identified as “High Priority Measures” (i.e., implemented as part of the Year 1 Plan) the 
Primary and Secondary Selection Thresholds were as follows.  

 High Priority Primary Selection thresholds included the following: 

− Total Ranking: Greater than 50 

− Number of Member Agencies: More than 8 member agencies selected the measure for near-
term, Year 1 implementation 

− Total Population Served: Greater than 800,000 (based on the member agencies that selected 
the measure for near-term, Year 1 implementation) 

 High Priority Secondary Selection thresholds included the following: 

− Total Ranking: Greater than 29 

− Number of Member Agencies: More than 6 member agencies selected the measure for near-
term, Year 1 implementation 

− Total Population Served: Greater than 650,000 (based on the member agencies that selected 
the measure for near-term, Year 1 implementation) 

For those measures identified as “Medium Priority Measures” (i.e., those implemented in Years 1-3), the 
Primary and Secondary Selection Thresholds were as follows. 

 Medium Priority Primary Selection thresholds included the following: 

− Total Ranking: Greater than 20 

− Number of Member Agencies: More than 8 member agencies selected the measure for Years 1 
to 3 implementation 

− Total Population Served: Greater than 500,000 (based on the member agencies that selected 
the measure for Years 1 to 3 implementation) 

 Medium Priority Secondary Selection thresholds included the following: 

− Total Ranking: Greater than 15 

− Number of Member Agencies: More than 6 member agencies selected the measure for Years 1 
to 3 implementation 

− Total Population Served: Greater than 400,000 (based on the member agencies that selected 
the measure for Years 1 to 3 implementation) 

The Project Team applied the screening protocol outlined above to identify the top-ranked measures. 
Additional coordination between the Project Team, BAWSCA, and the member agencies allowed packaging 
of top-ranked measures into several different program elements to be included in the Shared Vision Model, 
which is described in Section 5.2. 
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5.2 Regional Planning and Development of the Shared Vision 
Model  

To launch implementation of a regional conservation program, BAWSCA needs to answer a series of key 
questions to determine measures, budget and schedules for a regional plan. These questions include: 

 What measures are feasible and reasonable to implement on regional scale? 

 What is the overall level of support needed for each measure? 

 Which members are specifically interested in which measures? 

 What level of each measure can be planned regionally based on individual member agency plans and 
budgets? 

 What level of administrative support would be required from BAWSCA to run these selected 
measures? 

 What other support is needed (.e.g., outsourced support or grant funding) that is needed or wanted 
to run these programs? 

In order to focus the discussion on the various water conservation measures evaluated as part of the DSS 
modeling effort made sense for inclusion in the WCIP, it was necessary to incorporate the results of the 
agency surveys (as described in Section 5.1 and as summarized in Table 5-2), feedback from Workshops 1 
and 2, linked to the output from the agency-specific DSS models. The tool used for this process, the Shared 
Vision Regional Conservation Program Model (Shared Vision Model), is an MS Excel file that post-processes 
output results from each of the 29 DSS models.  

As an analytical tool, the Shared Vision Model allows BAWSCA and the member agencies to evaluate: 

 The impact of each member agency’s selections for individual conservation measures (in terms of 
rolling up overall number of activities and associated regional cost and water savings as taken from the 
DSS model outputs).   

 Whether members want to participate in regional implementation of each measure; and if 

 BAWSCA has indications of enough support from member agencies to run a regional program (for 
example, 4 agencies wanting to run a HET rebate program is not enough support launch and maintain 
a regional program).  

The Shared Vision Model includes a tool which allows for each individual agency to place an “X” in a cell to 
select a measure (in essence “check a box”) following which their DSS model results will be included in a 
summation of a regional program. Deleting the “X” then unselects that member’s participation and associated 
number of activities, costs and water savings are then excluded from the regional program. Thus, the model 
allows for rapid updating of a summation across the region to reflect number of activities planned and also 
potential conservation savings associated with each individual member agencies’ planned conservation 
programs. It also sums the planned budget in the summary implementation plan by allowing for changes in 
cost of each activity (e.g., adjusting the rebate levels) for each respective measure being considered for 
regional financial plan for implementation through BAWSCA. Thus, the model allows BAWSCA to evaluate 
the potential cost and effectiveness, in terms of potential water savings, of various regional conservation 
programs by running “what if” scenarios. 
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As an example of how the Shared Vision Model functions, each member agency interested in the HEW 
Rebate Program would be selected and the summation would link the DSS model output for that member 
agency’s target number of interventions (i.e., rebates needed to achieve the assumed penetration rate) for a 
given year. The second step sums the total estimated number rebates assumed to be issued by participating 
member agencies. The third step adds in costs for BAWSCA staff support and the development costs or 
contractor costs that would be needed to run the program on a regional basis (i.e., which offsets local agency 
administrative costs). The total measure cost, including the administration and development costs (if 
applicable for new program); can then be estimated for BAWSCA budgeting purposes. In addition to 
supporting the annual budget process, the Shared Vision Model has the ability to aid in grant program 
planning or discussion with cost sharing partners for any measure that was included in the DSS models.  

The Project Team reviewed the Shared Vision Model with the Working Group and solicited feedback. The 
following two Working Group meetings and subsequent communication between the BAWSCA program 
manager and BAWSCA member agency staff were used to achieve consensus on which measures would be 
included in the BAWSCA Year 1 Plan (i.e., the BAWSCA Regional Program). Implementation of these 
measures, and the resultant impact on water savings was evaluated using the Shared Vision Model.  

5.3 Selection of Core and Subscription Programs and 
Measures 

Based on the results of the surveys and application of the Shared Vision Model, a regional WCIP was 
developed that evaluated the water conservation measures that BAWSCA would implement at a regional level 
with those member agencies who elected to participate. Based on BAWSCA’s principles for funding and 
implementing water conservation measures, the regional WCIP was split into two program types: Core 
Programs and Subscription Programs. Alternative financing mechanisms for the regional WCIP may be 
evaluated in the future. 

− The specific activities associated with the WCIP implementation in Year 1 for both Core and 
Subscription programs are provided below. 

 The Core Program is funded through the annual BAWSCA budget and contains those conservation 
measures that benefit from regional implementation and that provide regional benefit, irrespective of 
individual agency jurisdictions. The Core Program for the Year 1 Plan includes: 

− Regional Program Management and Coordination with Wholesale Agencies 

− Developing Regional Partnerships 

− Pursuing Grants or Other Financial Support  

− Providing Technical Support and Training 

− Developing Template Water Efficient Building and Landscape Ordinances (New) 

− BMP and UWMP Reporting Support 

− Legislative Policy Support 

− Design and Implementation of a Regional Public Information Program (New) 

− Residential Landscape Education and Training Program (Expanded) 
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 The Subscription Program is fully funded by the individual agency that elects to participate in the 
program based on their participation level and includes conservation measures whose benefits can be 
realized in individual water agency service areas. The Subscription Program for the Year 1 Plan 
includes: 

− School Education Program (Expanded) 

− Bulk Purchase Residential Retrofit Kits (New) 

− High-efficiency Toilet Rebates (Expanded) 

− High-efficiency Clothes Washer Rebates (Expanded) 

− Residential Weather Based Controller Rebates (New-Design Phase Only) 

− Bulk Purchase of Pre-Rinse Spray Valves (New) 

− Commercial Surveys (New-Design Phase Only) 

− Large Landscape Water Budgets (Existing) 

Through the development of a Core Program and Subscription Programs, BAWSCA and its member 
agencies were able to agree on a financing structure for the regional WCIP Core Program Year 1 that would 
support BAWSCA in implementing the programs on a regional basis and that would adhere to BAWSCA’s 
key principles. 
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Table 5-1. Template for Survey of WUE Implementation and Financing Plan Components 

Measure 
No. Measure 

Reason for Selection / Comments 
(High Water Savings, Low Water Savings, Not Cost 

Effective, Plan to Run Individually, Not Interested in this 
Measure for our Agency) 

Yes, 
1 year 

Yes, 
2-3 

years 

Yes, 
4-10 

years 
Never 

Regionally 

Rank 
Top 10 

10 = Best 
MULTIPLE CUSTOMER TYPES 

13 Weather-based Controller Rebates EXAMPLE: 
High water savings, high probability for success X    10 

NM-6 New Building Indoor Water Efficiency       

NM-7 New Building Landscape Water Efficiency       

21 Enforce landscape requirements for new 
landscaping systems (turf limitations / regulations)       

NM-1 Install HETs        
CII 

8 ULF Toilet and Urinal Rebates       

17 Offer incentives for replacement of clothes washers 
in coin-operated laundries       

22 Restaurant pre-rinse spray nozzles       
24 WAVE Program (US EPA) for hotels       
25 Hotel retrofit (w/financial assistance)       
27 Replace inefficient water using equipment       
28 Require 0.5 gal/flush urinals in new buildings       
7 Commercial Water Audits       
23 Focused water audits for hotels/motels       
26 Award program for water savings by businesses       
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Table 5-1. Template for Survey of WUE Implementation and Financing Plan Components 

Measure 
No. Measure 

Reason for Selection / Comments 
(High Water Savings, Low Water Savings, Not Cost 

Effective, Plan to Run Individually, Not Interested in this 
Measure for our Agency) 

Yes, 
1 year 

Yes, 
2-3 

years 

Yes, 
4-10 

years 
Never 

Regionally 

Rank 
Top 10 

10 = Best 
LANDSCAPE 

3 Large Landscape Conservation Audits       
4 Water Budgets       

29 Financial incentives for complying with water use 
budget       

30 Financial incentives for irrigation upgrades       

14 Xeriscape education and staff training at retail 
garden/irrigation supply houses       

31 Require dedicated irrigation meters for new 
accounts       

PUBLIC BUILDINGS 

32 Water Utility / City Department water reduction 
goals       

RESIDENTIAL - MULTI-FAMILY 
18 Incentives for retrofitting sub-metering       
19 Require sub-metering multifamily units       
20 RMF efficient clothes washer rebates       

RESIDENTIAL - SINGLE-FAMILY 
11 Home Leak Detection and Repair       
15 Homeowner irrigation classes       
16 Promote water efficient plantings at new homes       

NM-2 Education and Training Programs       
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Table 5-1. Template for Survey of WUE Implementation and Financing Plan Components 

Measure 
No. Measure 

Reason for Selection / Comments 
(High Water Savings, Low Water Savings, Not Cost 

Effective, Plan to Run Individually, Not Interested in this 
Measure for our Agency) 

Yes, 
1 year 

Yes, 
2-3 

years 

Yes, 
4-10 

years 
Never 

Regionally 

Rank 
Top 10 

10 = Best 
RESIDENTIAL - SINGLE AND MULTI-FAMILY 

2 Residential Retrofit       
5 Clothes Washer Rebate       
9 Residential ULF Toilet Rebate       

10 Require 1.6 gal per flush toilets to be installed at 
the time of sale of existing buildings (ROR)       

12 High-efficient Toilet Rebates       
NM-5 Washer Rebates for High-efficiency Machines       

1 Residential Water Surveys       
EDUCATION 

6 Public Information Program       

Not Listed School Education - Resource Action Programs       
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Table 5-2. Regional Measures Implementation Timeframe and Ranking Survey Responses 

Customer 
Category Multiple Customer Types CII Landscape Building Residential - MF Residential - SF Residential - SF and MF Education 

Measure Number 13 NM-6 NM-7 21 NM-1 8 17 22 24 25 27 28 7 23 26 3 4 29 30 14 31 32 18 19 20 11 15 16 NM-2 2 5 9 10 12 NM-5 1 6 Not 
Listed 
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Total Ranking 62 53 48 18 34 10 19 56 3 0 0 0 60 3 0 54 26 11 7 30 0 1 0 1 20 2 18 12 51 19 70 13 5 85 59 31 73 30 
Total Agencies 
Voting to 
Implement 
Measure during 
Year 1 

7 7 9 4 2 5 3 8 0 0 1 4 8 2 3 10 7 0 5 10 3 2 0 3 6 3 10 7 8 5 13 4 2 12 13 9 14 10 

Total Agencies 
Voting to 
Implement 
Measure during 
Years 2 to 3 

5 8 8 4 4 2 4 5 2 6 2 4 3 6 3 2 2 5 2 4 3 0 3 2 1 0 1 3 6 2 1 2 3 1 0 2 2 2 

Total Agencies 
Voting to 
Implement 
Measure during 
Years 4 to 10 

3 1 0 2 4 1 4 1 1 1 4 1 2 3 2 2 2 1 1 0 0 2 3 3 5 2 1 0 2 1 0 0 1 0 1 3 0 1 

Total Agencies 
Voting to Never 
Implement 
Measure 
Regionally 

2 2 2 8 7 10 5 2 11 8 8 7 3 3 9 2 6 10 6 1 11 13 10 9 3 13 4 6 2 8 2 12 11 2 0 3 2 2 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

6 .  P L A N  N E X U S  W I T H  C U W C C ’ S  M E M O R A N D U M  O F  
U N D E R S T A N D I N G  

The CUWCC’s MOU was most recently revised in December 2008. The revised MOU creates a new 
compliance and reporting format which will impact the following BAWSCA member agencies who are also 
CUWCC members: 

 Alameda County Water District 

 California Water Service 

 Coastside County Water District 

 City of Hayward 

 City of Millbrae 

 City of Mountain View 

 City of Palo Alto 

 City of Redwood City  

 City of San Jose 

 Mid-Peninsula Water District 

 North Coast County Water District 

 Purissima Hills Water District 

 Stanford University 

 Westborough Water District 

In addition, the SCVWD is implementing several of the BMPs on behalf of its retailers to meet its long-term 
water supply reliability goals, as well as the CUWCC MOU goals. Through this action, three additional 
BAWSCA member agencies (i.e., the City of Milpitas, the City of Santa Clara, and the City of Sunnyvale) are 
implementing several BMPs to the requirements of the CUWCC’s MOU for water conservation (Table 6-1).  

The amount of water purchased by those BAWSCA member agencies whose conservation activities must be 
reported to the CUWCC as part of the MOU represents the majority of the total SFPUC water purchases by 
BAWSCA member agencies. Based on this fact, the WCIP has been designed to align, where appropriate, 
with the new CUWCC MOU. This will enable BAWSCA and its member agencies to better track 
conservation results against the new CUWCC MOU.  

There are two fundamental types of BMPs defined in Exhibit 1 of the new CUWCC MOU: Foundational 
BMPs and Programmatic BMPs. The BMPs are outlined as follows: 

Foundational BMPs: 
1. Utility operations programs 
2. Educational programs 
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Programmatic BMPs: 
1. Residential  
2. Commercial, Institutional, and Industrial 
3. Landscape 

In addition to the measures on the BMP List, the CUWCC Flex Track menu and Gallons Per Capita per Day 
(GPCD) compliance options may be implemented to meet the BMP savings goal. Agencies choosing the Flex 
Track option are responsible for achieving water savings greater than or equal to that which they would have 
achieved using only the BMP list items. The Flex Track Menu will be maintained and regularly updated in the 
MOU Compliance Policies. For a complete summary of each BMP and the Flex Track options, please see the 
updated CUWCC MOU on their website (www.cuwcc.org).  

Tables 6-2 and 6-3 highlights the measures for Year 1 and Years 2 or 3 (respectively) that have (1) been 
selected for regional implementation by the BAWSCA member agencies and (2) are related to specific BMPs 
pursuant to the new CUWCC MOU. Where there is a new or expanded activity resulting from the 
development of the WCIP, a notation is provided. 

http://www.cuwcc.org/�
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Table 6-1.  BAWSCA Agencies’ Involvement in Regional Programs and Reporting Requirements 

Agency 
BAWSCA 

Member Agency 
SCVWD Member 

Agency 
CUWCC 

Signatory 
Alameda County Water District X  X 
Brisbane, City of X   
Burlingame, City of X   
CWS - Bear Gulch District X  X 
CWS-Mid Peninsula District X  X 
CWS - South San Francisco District X  X 
Coastside County Water District X  X 
Daly City, City of X   
East Palo Alto, City of X   
Estero MID/Foster City X   
Guadalupe Valley MID X   
Hayward, City of X  X 
Hillsborough, Town of X   
Menlo Park, City of X   
Mid-Peninsula Water District (formerly Belmont) X  X 
Millbrae, City of X  X 
Milpitas, City of X X  
Mountain View, City of X X X 
North Coast County Water District X  X 
Palo Alto, City of X X X 
Purissima Hills Water District X X X 
Redwood City, City of X  X 
San Bruno, City of X   
San Jose, City of (portion of north San Jose) X X X 
Santa Clara, City of X X  
Skyline County Water District X   
Stanford University X X X 
Sunnyvale, City of X X  
Westborough Water District X  X 
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Table 6-2.  Year 1 Planned BAWSCA Activities - Support of CUWCC BMPs 

Name of Measure 
BAWSCA Support for 
Core or Subscription 

BAWSCA Level of 
Support (Existing New 
or Expanded Measure) 

CUWCC MOU BMP 
Cross-Reference 

Utility Operations Support 
Regional Program Management and Coordination with 
Wholesale Agencies (e.g., SFPUC and SCVWD) Core Existing BMP 1 

Development of Regional Partnerships Core Expanded BMP 1 
Pursuing Grants or Other Financial Support  Core Expanded BMP 1 
Technical Support 
Develop Ordinance Templates  
New building indoor water efficiency  
New building landscape water efficiency 

Core New BMP 1 

Water Shortage and Water Waste Support Core Expanded BMP 1 
BMP Reporting Support Core Expanded BMP 1 
Educational Programs 
Regional Public Information Campaign Targeting 
Customer Actions(new) Core New BMP 2 

Support Development of a School Education Program  
K-8 Program (expanded) 
9-12 Program (new) 

Subscription Expanded and New BMP 2 

Residential 
Residential Education & Training  Core Existing BMP 3 
Bulk purchase of residential retrofit devices Subscription New BMP 3 
High-efficiency clothes washer rebates Subscription Expanded BMP 3 
High-efficiency toilet rebates for RSF and RMF Subscription Expanded BMP 3 
Commercial 
Bulk purchase of CII retrofit devices (e.g., pre-rinse 
spray valves) (new) Subscription New BMP 4 

High-efficiency toilet rebates for CII accounts Subscription Expanded BMP 4 
Landscape 
Large landscape surveys Subscription Expanded BMP 5 
Water budgets Subscription Expanded BMP 5 
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Table 6-3.  Year 2 or 3. Potential BAWSCA Activities - Support of CUWCC BMPs 

Name of Measure 
BAWSCA Support for 
Core or Subscription 

BAWSCA  
Level of Support 
(Existing New or 

Expanded Measure) 
CUWCC MOU BMP 
Cross-Reference 

Residential leak and landscape surveys Subscription New BMP 3 

Residential weather-based controller rebates Subscription New BMP 3 and BMP 5 

Commercial surveys Subscription New BMP 4 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

7 .  B A W S C A  Y E A R  1  P L A N :  C O R E  P R O G R A M  I M P L E M E N T A T I O N  
A N D  F I N A N C I N G  

As described in earlier sections, the WCIP was developed to lay out a long-term plan for achieving water 
conservation savings within the BAWSCA service area. The following presents the specific measures included 
in the WCIP Core Program for implementation in Year 1, as well as measure implementation and financing 
options. Table 7-1 presents the assumed number of interventions (e.g., rebates) and estimated budgets for 
each measure included in the Core Program, as well as the estimated water savings. It should be noted that 
additional BAWSCA staff support for BMP 1 Utility Program Support is assumed to be included in the 
overall annual labor budget for BAWSCA.  

The Core Program will be funded through annual assessments to the agencies. The Subscription Programs 
will be fully funded by the participating BAWSCA member agencies. In both cases, funding may be 
supplemented with other outside funding sources, such as grants through Proposition 84 with the Integrated 
Water Resources Management Planning (IWRMP) funding process, cost-sharing partnerships, and in-kind 
services that BAWSCA can assist with supporting more conservation funding for the region. 

Core program elements include the following: 

BMP 1: Utility Programs Support 

 Regional Program Management and Coordination with Wholesale Agencies 

 Develop Regional Partnerships 

 Pursuing Grants or Other Financial Support  

 Provide Technical Support and Training 

− Develop Template Water Efficient Building and Landscape Ordinances (new) 

 BMP and UWMP Reporting Support 

 Legislative Policy Support 

BMP 2: Educational Programs 

 Regional Public Information Program designed to solicit customer participation in conservation 
programs (new) 

BMP 3: Residential Programs 

 Residential Landscape Education & Training (expanded) 

7.1 BMP 1. Utility Programs Support 
BAWSCA’s support for BMP 1- Utility Programs is outlined in the following sections. 



7. Core Program Implementation and Financing Water Conservation Implementation Plan Final Report 

7-2 

P:\136000\136285 - BAWSCA WUE-Recycling Implementation Plan\Task 11 - Final Report\WCIP FINAL Report.doc 

7.1.1 Regional Program Management and Coordination with 
Wholesale Agencies 

There are on-going changes in the water conservation industry with new water saving technologies and grant 
funding opportunities continuously becoming available. In support of the evolving regional program and 
individual member agency programs, the BAWSCA Program Manager and staff will continue to actively 
support and pursue the following: 

 Maintain communication with state, SFPUC and regional representative(s) from other counties, the 
SCVWD, and others, as appropriate; 

 Coordinate agendas, minutes and comments to meeting representative(s) (e.g. BAWSCA member 
agency staff, SFPUC, SCVWD, other outside agency staff); 

 Work with committee chairs or others in respective working group and special committees; and 

 Communicate effectively to BAWSCA Member Agencies and BAWSCA Board Members. 

Specific duties may include: 

 Provide statewide and regional representation at meetings (e.g., State Water Resources Control Board 
[SWRCB], DWR) as appropriate; 

 Attend water efficiency specialty briefings with DWR and others as needed and report in email; 

 Provide meeting presentations to BAWSCA member agencies on the latest updates from state and 
federal agencies; 

 Attend CUWCC Plenary and Committee Meetings, as necessary; 

 Communicate with regional representative(s) of BAWSCA and other utilities (energy and wastewater); 

 Provide staff support for BAWSCA Water Resources Committee meetings; and  

 Facilitate long-range water conservation and water supply reliability planning for BAWSCA member 
agencies for the two critical planning periods – now to 2018, and 2019 to 2030. 

7.1.2 Develop Regional Partnerships 

BAWSCA’s existing conservation program has been developed in conjunction with its member agencies and 
through partnerships with other entities. The program’s demonstrated success since its inception highlights 
the value of regional partnerships and it is BAWSCA’s intent to continue to build on relationships with the 
following partner entities and others:  

 Other major Bay Area water utilities: SFPUC, Marin Municipal Water District (MMWD), Contra Costa 
Water District (CCWD), EBMUD, SCWA, and SCVWD, among others 

 Pacific Gas and Electric (PG&E) 

 Silicon Valley Water Conservation Coalition 

 Pacific Institute 

 UC Cooperative Extension, Master Gardeners 

 Bay-Friendly Coalition (StopWaste.org) 

 Wastewater Utilities 

Wastewater agencies and associated partner water agencies that are involved in recycled water projects in the 
BAWSCA region are listed in Table 7-2. At a minimum, BAWSCA will be checking in annually on progress 
related to recycled water projects and meeting the 2018 target date for implementation. 
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7.1.3 Financial Investments through Outside Funding 

BAWSCA will continue to actively pursue partnerships with other entities to pursue grant funding 
opportunities. Independent actions to secure grant funding are not contemplated at this time but can be 
considered as necessary and appropriate. Specific activities may include:  

 Regular updates to BAWSCA agencies on grant funding opportunities; 

 Support IWRMP partnership seeking funding for high priority regional water efficiency projects 
(e.g., large scale rebate programs); and 

 When consensus is achieved, and as appropriate, BAWSCA may prepare regional grant applications. It 
is anticipated that at least one grant application related to the Bay Area Integrated Regional Water 
Management Plan (IRWMP) will be submitted in FY 2010 for those agencies that are ready with 
implementation requirements met per AB 14201. 

7.1.4 Provide Technical Support and Training 

Beginning Year 1 and on an on-going basis, the BAWSCA Program Manager will also support the 
development and logistics for in-house training of member agencies’ staff. It is assumed that facilities will be 
provided by the member agencies or conducted at BAWSCA offices. Where possible, BAWSCA will seek 
coordination with other organizations (e.g., the CUWCC) to reduce the costs associated with training. Only 
general support expenses (e.g., administrative logistics, material copies, meeting refreshments) are costs 
attributable to the BAWSCA budget. Some potential training opportunities for FY 2010 include: 

 Flex-Track Planning for CUWCC BMP Compliance 

 Water Loss Control 

 Landscape Certification 

 Water Conservation Practitioner 

 Field Staff Training 

 Conservation Staff Annual Briefing (BAWSCA web resources and program overview) 

Technical assistance to agencies includes the following types of support: 

 Answer questions of conservation staff related to planning support needs; and 

 Provide or research answers to technical questions related to water efficient products or forward to 
CUWCC or Water Forum for support in answering the questions. 

                                                      

1 Assembly Bill (AB) 1420 (Stats. 2007, ch. 628) amended the Urban Water Management Planning Act, Water Code 
Section 10610 et seq., to require, effective January 1, 2009, that the terms of, and eligibility for, any water management 
grant or loan made to an urban water supplier and awarded or administered by DWR, SWRCB, or California Bay-Delta 
Authority (CBDA) or its successor agency (collectively referred to as “Funding Agencies”) , be conditioned on full 
compliance with implementation requirements of the water Demand Management Measures (DMMs) described in 
Water Code Section 10631(f). 
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7.1.5 Develop Template Water Efficient Building and Landscape 
Ordinances 

One of the most important technical support tasks for Year 1 will include assistance with development of 
template language for local building and landscape ordinances. The following description outlines 
assumptions for supporting this task. 

DSS Model Measure NM-6 and NM-7. Detailed description of work effort for Technical Support of Model 
Development Ordinances. Year 1. This measure includes BAWSCA’s support to develop and achieve 
member agency consensus on template language for the Water Efficient Building and Landscape Ordinances. 
BAWSCA, in coordination with others (e.g., the SCVWD and SFPUC), will modify language from other, 
already existing ordinances. It is expected that the member agencies may modify the template ordinances to 
reflect particulars of local conditions and requirements. In order to achieve the estimated water savings 
associated with the implementation of these ordinances as modeled, the ordinances need to be more 
restrictive and contain more requirements than many of the current voluntary green building programs. As 
part of this measure, it is expected that BAWSCA will attend outside agency meetings to get to closure and 
adoption of ordinances, some of which are expected to take more extensive conversations (e.g., Counties).  

Description of staffing or contractor support. BAWSCA will support meeting logistics and facilitate 
dialogue among the BAWSCA member agencies to develop comprehensive, template ordinances that extend 
beyond the current state and U.S. Green Building Council Leadership and Excellence in Environmental 
Design (LEED) requirements to maximize water savings. BAWSCA plans to contract for legal and technical 
support as deemed necessary. 

Total estimated budget and schedule assumptions. Several options for implementing this measure were 
considered by the Working Group as part of this evaluation. The preferred option provides for 20 percent 
staff time support from the BAWSCA project manager, one two-hour meeting a month for 12 months, and 
40 hours support for staff discussions or presentations at individual BAWSCA agencies in Year 1. This 
budget does not include inspections to confirm compliance with the ordinances or other support activities 
which are envisioned to occur in Years 2 and 3. 

DSS model assumptions. This measure assumes that the Water Efficient Building Ordinance will require 
developers to install the following interior water conserving devices, where applicable, in any new building or 
residence:  

 High-efficiency Toilets and High-efficiency Urinals 

 High-efficiency Clothes Washers 

 Energy Star Dishwashers 

 High-efficiency Faucets and Showerheads 

 Efficient Hot Water Delivery Systems 

 Multi-family submetering 

These requirements are similar but slightly more stringent than both EPA's Water Sense for New Homes 
(latest release: Draft May 7, 2009) and EBMUD's current new connection regulations which were adopted 
in 2007. 

This measure also assumes that the member agencies, or other appropriate entities, will adopt a Water 
Efficient Landscape Ordinance that will require developers to install outdoor water conserving 
devices/systems which will result in a 25 percent savings in outdoor landscaping water use. Such savings 
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could be achieved through implementation of the following, where applicable, for landscaping around any 
new building or residence:  

 Efficient landscaping with either a turf limit (e.g., no more than 40 percent of landscaped area or a 
water budget approach (e.g., a landscape and irrigation system design to achieve 60 -70 percent of 
reference evapotranspiration [ETo]), and 

 State of the art irrigation controller (e.g., weather adjusting controller).  

These requirements represent a combination of both EPA's Water Sense for New Homes (latest release: 
Draft May 7, 2009) and EBMUD's current new connection regulations which were adopted in 2007. 

Regional survey findings and other suggestions for program element design. A review of SCVWD, 
SCWA, and EBMUD templates is recommended to provide guidance for developing the ordinance 
templates. A review of the following existing guidelines is also recommended: (1) Modify LEED; (2) Modify 
EPA Water Sense New Home Specifications; (3) Review 'Build It Green' Building Industry Association (BIA) 
initiative to see value including elements into a model ordinance for BAWSCA agencies; and (4) the 
California State Updated Model Water Efficient Landscape Ordinance (AB 1881).  

7.1.6 BMP and UWMP Reporting Support 

Beginning Year 1 and on an on-going basis, for the conservation programs that it implements on behalf of its 
member agencies, BAWSCA will provide the information to each member agency that must be used by its 
member agencies in reporting BMP activity to the CUWCC and State of California as part of a UWMP. This 
information, collected on a fiscal year basis, will be supplied to BAWSCA agencies in time for their use.  

The BAWSCA agencies are interested in implementing cost-effective programs that receive BMP compliance 
credit and have generated key ideas as follows: 

 Obtain credit for programs not specified in the BMPs, such as the Living Wise Program; 

 Provide support for “at least as effective as” programs; 

 Track and support the methodology and reporting requirements for CUWCC FlexTrack BMP option; 
and 

 Provide BMP reporting assistance to agencies.  

BAWSCA is considering establishing a comprehensive water conservation tracking database to report annual 
progress in implementing water conservation beginning in FY 2010. 

7.1.7 Legislative Policy Support 

While it is challenging to get all agencies in a regional area to agree on a stance for legislative bills, where 
consensus is attainable, the region likely benefits from voicing their opinions. On case-by-case basis, and at 
the request of the BAWSCA agencies, BAWSCA will support addressing legislative issues. Some of the 
activities that it is envisioned that BAWSCA could support include: 

 Tracking legislative changes; 

 Developing comment letters on active water conservation related legislation; 

 Developing talking points for agencies related to water conservation topics; and 

 Providing general media support.  
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7.2 BMP 2. Educational Programs 
In Year 1, BAWSCA will lead the design and implementation of the Regional Public Information Program 
that is intended to solicit customer participation in conservation programs.  

Description of work effort. As appropriate, and as agreed upon with the BAWSCA member agencies, the 
Regional Public Information Program shall be consistent with supporting the needs outlined in Foundational 
Best Management Practice for Education, in the CUWCC MOU. This effort will also be designed to 
complement, not duplicate or be in conflict with, existing campaigns being implemented by the individual 
member agencies. 

The member agencies identified the following high priority needs as part of the public outreach process: 

 Regional web site that is user friendly for customers and makes it clear to customers which 
conservation programs each member agency is offering (similar to the web site developed for the 
Water Saving Hero Campaign: www.watersavinghero.com and the California State website: 
www.saveourh2o.org); 

 Template materials with consistent messages and graphics for items like bill inserts, table tops, fact 
sheets, and newsletter articles that will be made available for individual agency printing. 

 Public Service Announcement (PSA) campaign development and placement promoting rebate 
programs and other “calls to action” for customers in addition to the “conservation awareness” social 
marketing message outlined in BMP 2 for Education.  

 Speaker’s bureau template presentations that can be tailored and presented by each member agency. 

 Coordination and least cost approach to outreach, including BAWSCA seeking media interviews and 
aid in support through developing talking points related to current local water supply conditions and 
need for conservation. BAWSCA may be directly interviewed along with member agency staff to 
convey the regional messages. 

Other key priorities may be defined over time as BAWSCA maintains its existing, and continues to develop 
more, partnerships and seeks in-kind and cost-sharing opportunities to promote water conservation. 
BAWSCA will continue to seek partners for message outreach and publication of their outreach materials, 
which may include the following organizations: 

1. Other utilities, including electric utilities 
2. Master Gardeners 
3. California Landscape Contractors Association 
4. University of California Cooperative Extension (UCCE) 
5. Retail and wholesale outlets (e.g., hardware stores)  
6. Local Colleges 
7. Green Building Programs 
8. Newsletter articles published in other entities’ newsletters: 

a. Home Owners Associations (HOAs) 
b. City/county materials 
c. Non-profits 
d. Other 

i. Water conservation gardens at utility or other high traffic areas or new homes 
ii. Water wise landscape contest or awards program 

http://www.watersavinghero.com/�
http://www.saveourh2o.org/�
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Description of staffing or contractor support. BAWSCA will release a request for qualifications (RFQ) for 
an outreach consultant to support development of the outreach campaign messaging and graphics in Year 1. 
BAWSCA staff will support the implementation of the campaign. 

Total estimated budget = $145,000. It is estimated that $100,000 of the total measure budget will be used to 
develop the public outreach campaign, with the balance used to support BAWSCA staff time and expenses. 
This budget does not include paid placement of advertisements in print, radio or television. It is assumed that 
these costs will be paid for through individual agency funds that target the zip codes in their service areas.  

DSS model measure description and key assumptions for Measure 6. It is recommended that BAWSCA 
provide public education to raise awareness of conservation measures available to retail customers. Programs 
could include poster contests, speakers to community groups, radio and television time, and printed 
educational material such as bill inserts. 

Regional survey findings and other suggestions for program element design. All regional programs 
surveyed had a regional public outreach program to capture cost efficiencies for PSA and advertisement 
placement using consistent messaging and branding. Equity in the funding scheme is achieved through the 
amount of water purveyed (e.g., wholesaler rates) or through a per connection fee. There is a potential to 
leverage marketing research from other Bay Area agencies (e.g., contact SCVWD, and potentially leverage 
their plans to capture economies of scale in same news shed).  

7.3 BMP 3. Residential Programs 
In discussions with BAWSCA member agencies during meetings and workshops, there was clear consensus 
to continue with the regional residential landscape education and training programs and to seek expansion of 
both the curriculum and number of classes offered. Given that this program serves customers across service 
area boundaries, this was included in the Core Program for budget support through annual assessments. 

7.3.1 Residential Landscape Education & Training 

Description of work effort. Beginning Year 1, BAWSCA will work with partners like StopWaste.org to 
leverage support and marketing for the landscape education classes that will be similar to the successful 
Bay-Friendly Landscape program. For example, class series may include: 

1. Principles in California Native Plants (Xeriscape) Design (Bay Friendly Landscape/EBMUD Book) 
2. Homeowner Irrigation Design and Maintenance; 
3. Water Efficient Plant Selection; and/or 
4. Optional additional class could include a “put it all together” workshop with in-depth do-it-yourself 

landscape design plans review and assistance from landscape professionals.  

Description of staffing or contractor support. BAWSCA will be responsible for new curriculum 
development, promotion and logistical support. It is expected that member agency staff will provide 
volunteer support. The educational series is anticipated to ramp up over time. Year 1 will include three class 
series at six sites (18 classes total), Year 2 will include four classes series at 10 locations, and Year 3 will 
include two sets of four classes at 10 locations. It is assumed that BAWSCA will support logistics for 
promoting the classes, customer sign-ups, and copying materials and that host agencies will support event 
logistics related to the selected site and coordination to meet instructor needs. 



7. Core Program Implementation and Financing Water Conservation Implementation Plan Final Report 

7-8 

P:\136000\136285 - BAWSCA WUE-Recycling Implementation Plan\Task 11 - Final Report\WCIP FINAL Report.doc 

Total estimated budget = $50,000. It is recommended that BAWSCA seek opportunities to partner with 
other entities in implementing this measure, including with SCVWD, SFPUC, CCWD, EBMUD, and 
StopWaste.org. The budget is set at $950 per class to cover the instructor’s fee, which is the current contract 
fee for the existing program. It is assumed that BAWSCA agencies will find host locations at no cost 
to BAWSCA.  

DSS model Measure NM-2 assumptions. It is assumed that there will be a combination of three types of 
training classes: (1) Xeriscape, (2) Homeowner Irrigation, and (3) Promotion of Water Efficient Plants. It is 
also assumed that all savings are implemented for RSF accounts. The number of accounts affected is 
computed on a regional basis and then divided among service areas. This assumes that full regional 
implementation would achieve the following: 20 class sites, 4 classes/year/site, 50 attendees/class, 1 affected-
account/attendee. 20 x 4 x 50 x 1 = 4,000 affected accounts.  

Regional survey findings and other suggestions for program element design. BAWSCA will lead the 
expansion of the education and training program with revisiting specific offers of support and input from Bay 
Area agencies, such as Alameda County Water District (ACWD), SCVWD, SFPUC, CCWD, EBMUD, 
StopWaste.org, and City of Hayward. The Project Team also recommends that BAWSCA seek more input 
from other Bay Area agencies to review and decide on a revised format, curriculum, and outreach strategies, 
and to connect with potential local non-profit groups for support.
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Table 7-1. Regional Water Conservation Implementation and Financing Planning Options - Core Program 

Program  
Element Description 

DSS Model Based  
Measure Descriptions 

Regional Program 
Implementation  
Plan Description 

Implementation  
Options 

Planning Number  
of Participation 

Agencies 
Development  

Cost 
Cost Basis  
per Activity 

BAWSCA Admin  
Cost  

(Hourly Rate)  
or Percent per 

Participant  
or Activity 

($90.00) 
Contractor  

Cost 

Planning 
Number of 
Activities 

FY 2010  
Total Cost 
Estimate 

Full Cost 
BAWSCA 
Regional 
Program 

BAWSCA 
Cost if over 
50 percent 

Grant 
Supported 

(50%) 

BAWSCA  
Cost if Partial 

Grant 
Supported 

(75%) 

BAWSCA  
Cost if Partial 
Partnership 

Funding 
Supported 

(60%) Comments 
Core Program Elements with Support for Foundational BMP 1. Utility Operations Programs 
BMP 1. (b) Technical Training and Assistance 

Option A -Support for 
template language 
plus attendance at 
27 local outside 
agency and/or 
adoption meetings 
(1 at each agency) 27 $50,760.00  15% $68,000 1 $126,400 $126,400 $ -- $ -- $ -- 

Not anticipated 
for grant 
funding 
opportunities. 
Potential labor 
cost share with 
other 
agencies? 
Assume 
$38,000 
technical 
support and 
$30,000 legal 
support. 

Option B - Indoor New 
Development Building 
Inspections provided 
through regional 
contractor as 
outsource options for 
agencies (assume 
development and 
3 trainings for building 
officials for inspection 
protocols) 

27 $60,000.00 $75 15%  1,474 $179,100 $179,100 $ -- $ -- $ -- 

Not grant 
funded. 
Potential labor 
cost share with 
other 
agencies? 

Template New 
Ordinances 
New Building Indoor 
Water Efficiency 
New Building 
Landscape Water 
Efficiency  

NM-6 and NM-7. Require developers 
to install the following devices where 
applicable: (1) HET Toilet; (2) High-
efficiency Clothes Washer; 
(3) Energy Star Dishwasher; 
(4) High-efficiency Faucets and 
Showerheads; (5) Efficient Hot 
Water Delivery System; 
(6) Multifamily submetering. These 
requirements are similar but slightly 
more stringent than both EPA's 
Water Sense for New Homes and 
EBMUD's current new connection 
regulations adopted in 2007. 
 
Agency adopts ordinance to require 
developers to install the following 
devices/systems where applicable 
for landscaping around any new 
building: (1) Efficient landscaping 
with either a turf limit (such as no 
more than 40 percent) or a water 
budget approach (such as design to 
achieve 60 percent of ETo); (2) State 
of the art irrigation controller (may be 
a weather adjusting controller in the 
future). These requirements are a 
blend of both EPA's Water Sense for 
New Homes and EBMUD's current 
new connection regulations adopted 
in 2007. 

New Program for Year 1. 
Labor support to get template 
language to consensus. 
Recommend modifying 
existing ordinance language 
from others. Water savings 
based on larger scale than 
voluntary green building 
programs. Recommend 
BAWSCA support to attend 
outside agency meetings to 
get to closure and adoption 
of ordinances, some will take 
more extensive 
conversations 
(e.g., Counties). Opportunity 
to partner with SCVWD. 

Option C - Outdoor 
New Development 
Building Inspections 
provided through 
regional contractor as 
outsource options for 
agencies (assume 
development and 
3 trainings for building 
officials for inspection 
protocols) 

27 $60,000.00 $25 15%  2,342 $124,500 $124,500 $ -- $ -- $ -- 

Not grant 
funded. 
Potential labor 
cost share with 
other 
agencies? 
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Table 7-1. Regional Water Conservation Implementation and Financing Planning Options - Core Program 

Program  
Element Description 

DSS Model Based  
Measure Descriptions 

Regional Program 
Implementation  
Plan Description 

Implementation  
Options 

Planning Number  
of Participation 

Agencies 
Development  

Cost 
Cost Basis  
per Activity 

BAWSCA Admin  
Cost  

(Hourly Rate)  
or Percent per 

Participant  
or Activity 

($90.00) 
Contractor  

Cost 

Planning 
Number of 
Activities 

FY 2010  
Total Cost 
Estimate 

Full Cost 
BAWSCA 
Regional 
Program 

BAWSCA 
Cost if over 
50 percent 

Grant 
Supported 

(50%) 

BAWSCA  
Cost if Partial 

Grant 
Supported 

(75%) 

BAWSCA  
Cost if Partial 
Partnership 

Funding 
Supported 

(60%) Comments 
Core Program Elements with Support for Foundational BMP 2. Education Programs 
Regional Public 
Information Campaign 
Targeting Customer 
Actions 

Measure 6. Provide public education 
to raise awareness of conservation 
measures available to retail 
customers. Programs could include 
poster contests, speakers to 
community groups, radio and 
television time, and printed 
educational material such as bill 
inserts. 

Years 1-3. Basic campaign 
materials and web site to be 
created by BAWSCA for use 
by all agencies. Opportunity 
to partner with SCVWD. 

Design and 
Implementation 
Regional Public 
Information Program 
targeting key needs 
requested by 
agencies as 
requested to 
include:(a) regional 
web site; (b) template 
materials with 
consistent messages 
and graphics for items 
like bill inserts, table 
tops, fact sheets, 
newsletter articles, 
presentations that can 
be tailored and printed 
by each agency; 
(c) media interviews; 
(d PSA development 
and placement. Does 
not include paid 
placement in print, 
radio or TV. Might 
consider higher 
budget due to current 
drought for paid 
placement.  

29 $100,000 $ -- $45,000 $ -- 0 $145,000 $145,000 $72,500 $108,750 $87,000 

DWR grant 
support is 
requiring 
higher and 
higher cost 
matches to get 
funded 
currently 
running over 
75% agency 
funding 
required to get 
state funding 

Core Program Elements with Support for Foundational BMP 3. Residential Programs 
Year 1 - 18 classes 
(6 class sites, 
3 classes per year) 

Year 2 - 40 classes 
(some classes in 
English and some in 
Spanish) 

Residential Education 
& Training for 
Landscape Water Use 
Efficiency 

Measure NM-2. Combination of three 
types of training classes: 
(1) Xeriscape, (2) Homeowner 
Irrigation, and (3) Promotion of 
Water Efficient Plants.  
Assume all savings are implemented 
for RSF accounts. Number of 
accounts affected is computed on a 
regional basis and then divided 
among service areas. 
REGIONALLY: 20 class sites, 
4 class/year/site, 50 attendees/class, 
1 affected-account/attendee. 
20 x 4 x 50 x 1 = 4000 affected 
accounts. This is multiplied by the 
fraction contributing to the service 
area. 

Ramping up through Years 
1-3. Work with partners like 
BayFriendly to leverage 
support and marketing for the 
classes. For example, three 
part class series (three 
classes total) to include 
(1) Xeriscape Design (Bay 
Friendly/EBMUD Book?), 
(2) Homeowner Irrigation, 
(3) Promotion of Water 
Efficient Plants; (4) Put it all 
together class with in-depth 
DIY landscape design plans 
review and assistance lab. 
Opportunity o partner with 
SCVWD 

Year 3 - 80 classes 
(some classes in 
English and some in 
Spanish) 

29 $20,000 $950 50% $ -- 18 $45,650 $45,650 $22,825 $34,238 $27,390  
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Table 7-2. Recycled Water Project(s) Area and Related BAWSCA Agency 

Recycled Water Project(s) Area 
BAWSCA Member Agency Served by the 

Recycled Water Project 
1 ACWD/Union Sanitary District ACWD 
2 City of Burlingame City of Burlingame 
3 Coastside County Water District (Half Moon Bay) Coastside County Water District 
4 City of Hayward City of Hayward 
5 City of Millbrae City of Millbrae 

6 North San Mateo County Sanitation District (CSD) 
California Water Service Company 
City of Daly City 
Westborough Water District 

7 North Coast County Water District (City of Pacifica) North Coast Water District 

8 Palo Alto Regional Water Quality Control Plant (RWCQP) – Mountain View Project City of Palo Alto 
City of Mountain View 

9 Palo Alto RWQCP – Other 
City of Palo Alto 
City of Mountain View 
Stanford University 

10 Redwood City Recycled Water Project City of Redwood City 

11 South Bay Water Recycling (San Jose/Santa Clara Water Pollution Plant) 
City of Milpitas 
City of San Jose 
City of Santa Clara 

12 South San Francisco/San Bruno California Water Service Company 
City of San Bruno 

13 Stanford University Stanford University 
14 City of Sunnyvale City of Sunnyvale 
15 San Francisco International Airport City of Millbrae 
16 City of San Mateo City of San Mateo 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

8 .  B A W S C A  Y E A R  1  P L A N :  S U B S C R I P T I O N  P R O G R A M  
I M P L E M E N T A T I O N  A N D  F I N A N C I N G   

As described above, the WCIP was developed to lay out a long-term plan for achieving water conservation 
savings within the BAWSCA service area. The following presents the specific measures included in the WCIP 
Subscription Program for implementation in Year 1, as well as measure implementation and financing 
options. Table 8-1 presents the number of activities and estimated budget details for the Subscription 
Program elements that relate to water savings. BAWSCA administrative staff support for these “pay for 
service” subscription programs are included in the cost estimates. In addition, some key opportunities to fund 
program activities through grants, partnership cost sharing or in-kind contributions, or other third party 
funds are highlighted and can be estimated using the Shared Vision Model. 

A key principle for the subscription program elements is that participating agencies pay the full cost of the 
individual programs being implemented, including the associated BAWSCA staff cost. Where possible, other 
supplemental funding sources will be utilized to reduce the overall cost of these programs to participating 
member agencies. These other supplemental funding sources can include state grants through Proposition 84 
with the IRWMP funding process, cost-sharing partnerships, and in-kind services that BAWSCA can assist 
with leveraging for support of conservation efforts planned for regional implementation. 

Subscription program elements include the following: 

BMP 2: Educational Programs 

 Support Development of a School Education Program  

− K-8 Program (expanded) 

− 9-12 Program (new) 

BMP 3. Residential Programs 

 Bulk purchase of residential retrofit devices (new) 

 High-efficiency clothes washer rebates (expanded) 

 High-efficiency toilet rebates for RSF and RMF accounts (expanded) 

 Residential leak and landscape surveys(future implementation in FY 2011 or later) 

 Residential weather-based controller rebates (future implementation in FY 2011 or later) 

 Individual measures associated with CUWCC’s Flex track options which are yet to be determined 
(future implementation in FY 2011 or later)  

BMP 4. Commercial, Institutional, Industrial Programs 

 Bulk purchase of CII retrofit devices (e.g., pre-rinse spray valves) (new) 

 High-efficiency toilet rebates for CII accounts(expanded) 

 Commercial surveys (future implementation in FY 2011 or later) 



8. Subscription Program Implementation and Financing Water Conservation Implementation Plan Final Report 

8-2 

P:\136000\136285 - BAWSCA WUE-Recycling Implementation Plan\Task 11 - Final Report\WCIP FINAL Report.doc 

 Individual measures associated with CUWCC’s Flex track options which are yet to be determined 
(future implementation in FY 2011 or later)  

BMP 5. Landscape Programs  

 Large landscape surveys (expanded) 

 Water budgets (expanded) 

 Individual measures associated with CUWCC’s Flex track options which are yet to be determined 
(future implementation in FY 2011 or later)  

8.1 BMP 2: Educational Program  
BAWSCA will lead an effort to identify the needs of various BAWSCA member agencies for school 
education programs. 

Description of work effort. Beginning Year 1, BAWSCA will examine the existing school education program, 
as well as consider new alternatives to cost efficiently meet a greater share of the school age children. As 
appropriate, and as agreed upon with BAWSCA agencies, BAWSCA will explore the development of a 
regional school education program which will be consistent with supporting the needs outlined in CUWCC 
MOU Foundational Best Management Practice for Education. The school education program could include 
assembly or curriculum-based programs, in addition to fixture distribution program. 

Description of staffing or contractor support. BAWSCA will lead a committee effort to determine further 
interest and funding support for a Regional School Education Program as a broader subscription in Years 2 
and 3 that will be built on grant funding availability. State teaching standards require that the water and 
hydrologic cycle be taught in fifth grade and energy concepts taught in the sixth grade. Currently, there is no 
regional program for Grades 9 through 12.  

Total estimated budget = $10,000. It is assumed that BAWSCA will only support minimal staff time towards 
the development of this measure during Year 1. It is anticipated that BAWSCA will seek partnership and 
grant dollars to fund the development and implementation of the program in Years 2 and 3. 

DSS model assumptions. This measure was not modeled for quantitative water savings. The program will 
be configured to meet the requirements of CUWCC’s BMP 2. 

Regional survey findings and other suggestions for program element design. The SCWA and Regional 
RWA have strong school education programs spanning K-12 that can serve as examples. The SCWA 
supports salary for two local teachers and an education facility to teach information about the watershed and 
conservation. RWA has implemented a school assembly program historically called the Great Water Mystery 
that was jointly funded by local stormwater utilities and a DWR grant. The recent cost for the Great Water 
Mystery school assembly program was on the order of $2.50-3.00 per student targeting grades 3 through 4 
and grades 5 through 6. RWA also has a local Newspaper in Education program that is coordinated with the 
Sacramento Bee to provide a K-12 curriculum for teachers. 

8.2 BMP 3. Residential Programs  
There are seven principal measures targeted at residential customers that are envisioned to increase in 
implementation over the next three or more years. Three measures are included for implementation in Year 1, 
including: newly added bulk purchase of residential retrofit devices, rebates for high-efficiency clothes 
washers, and rebates for WaterSense specification high-efficiency toilet rebates. The other two new programs 
may be supported for regional implementation in Year 2 or later including: residential leak and landscape 
surveys and weather-based irrigation controllers. 
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8.2.1 Bulk Purchase Residential Retrofit Kits 

Description of work effort. Beginning Year 1, BAWSCA will survey member agencies’ current needs and 
purchase sources. A compiled list will be shared with the interested member agencies with the goal of 
achieving consensus on what should be purchased for inclusion in the kits. BAWSCA will research prices and 
solicit order commitments from interested member agencies, order products at bulk discount costs, facilitate 
distribution of devices, and coordinate payments. 

Description of staffing or contractor support. This effort will be supported by BAWSCA staff. 

Total estimated budget and schedule assumptions. The budget will be dependent on items selected and 
orders collected from interested BAWSCA member agencies. 

DSS model assumptions for Measure 2. It is assumed that 75 percent of pre-1992 homes will be provided 
with retrofit kits that contain easy to-install, low-flow showerheads, faucet aerators, and toilet tank retrofit 
devices. It is assumed that implementation of this measure will result in savings of 21 percent for showers, 
2 percent for toilets, and 2 percent for faucets. 

Regional survey findings and other suggestions for program element design. As an example, RWA in 
Sacramento has a bulk purchase program for retrofit kits, pre-rinse spray valves, and school education 
materials coordinated through their intern. It is recommended that BAWSCA also consider collaboration 
with GreenPlumbers to implement this measure. 

8.2.2 High-efficiency Toilet Rebates RSF and RMF 

Description of work effort. Beginning Year 1, implementation of this measure includes extensive expansion 
of the existing program, as well as expanding the ability of each member agency to opt-in and opt-out of 
participation. This measure assumes that the rebate amount is fixed at $150 per HET. It is assumed that only 
high flush toilets will be replaced through this program. It is further assumed that participation levels by 
current and added interested agencies will escalate the activity level up to more than 6,200 rebates annually 
(BAWSCA program target), including RSF, RMF and CII toilets. It is assumed that this measure will be 
implemented for 10 years (i.e., 2010 to 2019) and that approximately 1 percent of all toilets will be replaced 
during each year. For budgeting purposes this is similar to having one toilet rebate for approximately 
3 percent of the year 2010 RSF, RMF and CII accounts. This target is aggressive both at the individual agency 
level and regional level. It will be necessary for the implementation of this program and the customer 
response to be re-evaluated at key intervals both for possible program redesign or re-examination of the 
target. The total rebate target for the entire region is 12,400 rebates annually (this total would include all the 
rebates from BAWSCA, SCVWD, and local member agency programs). 

Description of staffing or contractor support. Currently, this measure is implemented on a regional basis. 
BAWSCA is assuming responsibility for preparing the rebate application or other agreed-upon distribution 
method (direct install, give-away, or other agreed-upon method) and providing a single point of submittal for 
applications. Once applications are entered into an online database system by BAWSCA, the rebate 
applications would be sent to the individual BAWSCA member agency for dispersal to the customer. 
Implementation of the Year 1 Plan assumes that BAWSCA staff will support at less than 0.25 full-time 
equivalents (FTE) to process applications. Once the level of administrative support required exceeds 
0.25 FTE, then implementation of the measure may be contracted out. A switch to a contractor-supported 
program administration is anticipated as early as FY2011 (i.e., Year 2). Alternative measure-administration 
mechanisms will be reviewed prior to making any changes from the currently-proposed program, including 
entering into regional partnerships for administration. 
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Total estimated budget and schedule assumptions. The budget for NM-1 was originally developed for a 
higher target level required to reach the 10 MGD savings. The overall administrative support budget is 
estimated at $90 per hour and assumed to include processing 25 applications per hour. This equates to an 
estimated $55,000 in administrative support required to process 15,200 rebates for a total of $2.2 million in 
rebates distributed. The target for NM-1 has been revised since this budget estimate was created. The new 
annual target as requested by the Work Group been lowered to 6,200 annual rebates. In future planning the 
budget should be adjusted accordingly. 

DSS model assumptions for Measure NM-1. HET rebates were modeled at fixed cost of $150 and assumes 
only high flush toilets would be qualified for the program. 

Regional survey findings and other suggestions for program element design. It is suggested that 
BAWSCA consider expanding this measure by implementing a voucher program like City of San Diego, 
California and Orlando, Florida. Additionally, a higher dollar value could be considered to increase 
participation amongst CII and/or RMF customers. 

Coordination with SCVWD and SFPUC regarding their plans for their future CII toilet program would also 
be beneficial to measure implementation. Furthermore, it would be good to track the success of SCVWD’s 
partnership with PG&E for a direct-install HET program for low-income, RSF homes. 

Success in HET rebate programs have been noted with rebates higher than $150 for the San Diego County 
Water Authority, whose price point is $200 per HET.   

In addition to offering rebates, this program will benefit from education and partnership with installers, 
plumbers, and contractors to help ensure that the HETs are installed and work correctly. The Project Team 
recommends using the Uniform North American Requirements (UNAR) testing results posted on the 
CUWCC website to help educate local sales staff and customers on the better performing toilets. 

8.2.3 High-efficiency Washer Rebates 

Description of work effort. Beginning Year 1, implementation of this measure includes expansion of the 
existing program, as well as expanding the ability of each member agency to opt-in and opt-out of 
participation. This measure also assumes a rebate amount of $125 for machines that have been rated as Tier 2 
efficiency by the Consortium for Energy Efficiency (www.cee1.org), and $200 for machines that have been 
rated as Tier 3. 

Description of staffing or contractor support. BAWSCA will continue to support the management of 
regional contract with PG&E and will facilitate discussions with other potential partners (e.g. EBMUD, 
CCWD, SCVWD, and SFPUC) for regional program implementation. 

Total estimated budget and schedule assumptions. This program is ongoing and is currently administered 
by PG&E for a service and marketing fee of $6.00 per rebate. In addition to this fee, participating member 
agencies will pay the associated BAWSCA staff costs to administer this program (estimated at $5.30 per 
rebate). The BAWSCA target of 8,300 rebates is considered aggressive and, similar to the HET, it needs to be 
monitored closely for effectiveness. The total rebate target for the entire region is 17,500 rebates annually 
(this total would include all the rebates from BAWSCA, SCVWD, and local member agency programs).  

DSS model assumptions for Measure NM-5. HEWs rebates were modeled at fixed cost of $200 and 
assumed to use an average of 20 gallons of water per load. 

Regional survey findings and other suggestions for program element design. It is suggested that 
BAWSCA consider expanding this measure by seeking more marketing support from PG&E and potentially 
grant funding. 

http://www.cee1.org/�
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8.2.4 Residential Leak and Landscape Surveys 

Description of work effort. New program for Years 2 and 3. This measure follows the guidelines for the 
implementation requirements for the prior version of the CUWCC BMP 3-Residential Programs. The DSS 
model water savings assumptions include both indoor and outdoor surveys. The recent changes to the 
CUWCC MOU require only support for leak survey and outdoor irrigation review.  

Description of staffing or contractor support. The staffing plan, including intern program possibilities, and 
contractor options will be researched by BAWSCA staff for Year 2. 

Total estimated budget and schedule assumptions. This measure will be implemented on the Years 2 and 
3 implementation timeframe, and the budget will be included in Year 2 Plan. 

DSS model assumptions for Measure 1. It is assumed that indoor and outdoor water surveys will be offered 
to existing RSF retail customers at an average cost of $80 per account, and RMF retail customers at an 
average cost of $130 per account. High water use customers will be targeted for these surveys. This measure 
includes a customized report being provided to homeowners. 

Regional survey findings and other suggestions for program element design. It is suggested that 
BAWSCA consider developing a landscape survey program that is modeled after the MMWD program. The 
MMWD program includes one paid, half-time coordinator to do scheduling and administrative support of the 
program and to conduct a training session on irrigation for UCCE Master Gardeners. The total cost of the 
MMWD program is $34,000, including all University of California overhead and associated costs. In 2008, 50 
Master Gardeners completed 175 surveys within the MMWD service area. MMWD is planning to train 30 
more Master Gardeners and past volunteers in 2009 to perform 250 surveys, called Garden Walks, within the 
MMWD service area. Garden Walks would constitute a residential survey completed by volunteer labor.  

Another option is for interns to serve as labor source to implement residential landscape surveys. An intern 
training agenda and materials are available from RWA and SDCWA. The CCWD also has experience with 
intern programs. 

8.2.5 Residential Weather Based Controller Rebates 

Description of work effort. New program for Years 2 and 3. Year 1 activities will involve a design phase, 
including the review of the Proposition 13 evapotranspiration (ET) controller study and review of the ACWD 
and SCVWD program’s success and lessons learned.  

The following three options have been discussed during the BAWSCA WCIP Plan workshops: 

 Option A – Provide customers with a voucher, if an inspection confirms they are eligible to receive 
such a voucher. BAWSCA staff would administer the voucher program at an assumed 0.25 FTE level 
of effort. It is assumed that participating member agencies would perform their own random post 
inspections of at least 10 percent of the accounts.  

 Option B - Provide customers with a voucher, if an inspection confirms they are eligible to receive 
such a voucher. A contractor would administer the voucher program. It is assumed that participating 
member agencies would perform their own random post inspections of at least 10 percent of the 
accounts.  

 Option C - Provide customers with a voucher, if an inspection confirms they are eligible to receive 
such a voucher. A contractor would administer the voucher program, as well as perform random post 
inspections of at least 10 percent of the accounts. 
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Description of staffing or contractor support. Year 1 support involves BAWSCA initiating research and 
design of this measure and potentially seeking grant funds for a regional residential and CII weather-based 
controller rebate program.  

Total estimated budget and schedule assumptions. Less than 80 hours at $90 per hour (i.e., an estimated 
total cost of $7,200) of BAWSCA staff time is assumed to design the program and discuss with the member 
agencies. Costs associated with writing grants and researching funding resources is not included. 

DSS model assumptions for Measure 13. It is assumed a $150 rebate will be provided for the installation of 
a pre-specified list of state-of-the-art “smart” irrigation controllers (e.g., those with on-site sensors or a signal 
from a central weather station that modifies irrigation as the weather changes). 

Regional survey findings and other suggestions for program element design. It is recommended that 
BAWSCA review the experiences of the California water agencies that implemented a residential weather 
based controller rebate program as part of a Proposition 13 grant program. It is also recommended that 
BAWSCA pursue a future grant opportunity. Based on SCVWD’s experience, a rebate of larger than $150 
may be required for sites with more than 12 stations. 

8.3 BMP 4. Commercial Programs 
There are three principal CII measures that are envisioned to be increasing in implementation over the next 
three or more years through the Subscription Program. The two measures that are included for 
implementation in Year 1 are (1) the bulk purchase of pre-rinse spray valves, and (2) the continuation of the 
EPA WaterSense specification HET rebates. The other new measure that may be supported for regional 
implementation in Year 2 or later is commercial surveys. 

8.3.1 Bulk Purchase of Pre-Rinse Spray Valves  

Description of work effort. BAWSCA will review research by the PG&E Food Science Technology Center 
(http://www.fishnick.com/) on pre-rinse spray valves and obtain price quotes for high performing products. 
Currently more than 60 percent of the installed pre-rinse spray valves have been manufactured by Fisher, Inc. 
BAWSCA will survey member agencies’ current needs to obtain consensus on which spray valve will be 
purchased. BAWSCA will solicit order commitments from interested member agencies, order products at 
bulk discount costs, facilitate distribution of devices, and coordinate payments.  

Description of staffing or contractor support. This effort will be supported by BAWSCA staff. 

Total estimated budget and schedule assumptions. Bulk Purchase Years 1 through 3. The budget is 
dependent on items selected and orders collected from interested BAWSCA member agencies. 

DSS model assumptions for Measure 22. The DSS model assumes an average cost of $181 per site for the 
purchase and installation of 1.6 gallon per minute (gpm) spray nozzles. There can be multiple valves per site. 

Regional survey findings and other suggestions for program element design. A new state regulation in 
Title 20 Appliance Efficiency Standards that passed in 2006 states that only higher efficiency valves can be 
available for sale in California. This issue is likely to impact the free-ridership potential for this program. As 
an example, RWA in Sacramento has a bulk purchase program for retrofit kits, pre-rinse spray valves, and 
school education materials coordinated through their intern. BAWSCA could consider collaborating with 
GreenPlumbers, or other partners, in the advertising and implementation of this measure. The bulk purchase 
price negotiated by RWA was $30 apiece for a minimum order of 500 through Fisher. EBMUD and RWA 
members retain an inventory for giveaways during CII surveys. Seattle Public Utilities market through their 
local Chamber of Commerce to distribute devices and solicit testimonials from satisfied business owners. 

http://www.fishnick.com/�
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8.3.2 High-efficiency Toilet Rebates for CII 

Description of work effort. Year 1 through 3. Implementation of this measure includes expansion of the 
existing program, as well as expanding the ability of each member agency to opt-in and opt-out of 
participation. The rebate amount is assumed to be fixed at $150 per HET toilet. It is further assumed that 
participation levels by the BAWSCA program will escalate the activity level up to more than 6,200 rebates 
annually, including RSF, RMF and CII toilets. The program would be combined implementation and 
administration, as currently operating regionally through BAWSCA. 

Description of staffing or contractor support. This is merged with the RSF and RMF HET program as 
described above. 

Total estimated budget and schedule assumptions. This is merged with the RSF and RMF HET program 
as described above. 

DSS model assumptions for Measure NM-1. HET rebates were modeled at fixed cost of $150 and assumes 
only high flush toilets would be qualified for the program. 

Regional survey findings and other suggestions for program element design. It is suggested that 
BAWSCA consider expanding the existing program by potentially implementing a voucher program like City 
of San Diego, California and Orlando, Florida. 

Coordination with SCVWD and SFPUC regarding their plans for their future CII toilet program would also 
be beneficial. Success in HET rebate programs have been noted with rebates higher than $150 for the 
SDCWA.  

8.3.3 Commercial Surveys 

Description of work effort. There is no regional program planned for Year 1, per input from the BAWSCA 
member agencies attending January 30 and February 9, 2009 working group meetings. Implementation in 
Years 2 or 3 will be considered following further discussions with BAWSCA member agencies.  

Description of staffing or contractor support. BAWSCA would facilitate hiring contractor(s) to support 
implementation of this measure or would possibly consider an intern program for light commercial audits 
(e.g. audits at restaurants, small businesses, offices, retail locations, etc.). 

Total estimated budget and schedule assumptions. There is no estimated budget at this time for Years 1, 
2, or 3. Based on the survey results, 2 member agencies were interested in a total of 114 surveys to be 
implemented in Years 2 and 3. Implementation of this program will be considered as part of the development 
of the Year 2 Plan or for later implementation. 

DSS model assumptions for Measure 7. This measure assumes that a free water audit will be provided to 
high water use CII accounts. These audits evaluate ways in which the business can potentially save water and 
money (e.g., by replacing high water use toilet with more efficient models). The DSS model assumes an 
average cost of $3,000 to conduct an audit at a CII account.  

Regional survey findings and other suggestions for program element design. The SCWA and RWA have 
CII audit programs that are supported by an on-call contractor that does the CII audits. This measure would 
likely benefit from combination with a direct-install program like the pre-rinse spray valves, and presents a 
potential to partner with PG&E. 
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8.4 BMP 5. Landscape Programs  
There are three principal measures that are envisioned to be increasing in implementation over the next three 
or more years. Two measures are included for implementation in Year 1: (1) a continuation of the water 
budget program, and (2) the landscape surveys contractor support. The third measure, a commercial weather 
based controller incentive program, may be supported for regional implementation in Year 2 or later. 

8.4.1 Water Budgets 

Description of work effort. Years 1 through 3. This measure includes expanding the existing program and 
providing member agencies with the ability to opt-in to the program that will be implemented by the existing 
contractor. In addition, BAWSCA may consider starting an intern program and hosting landscape water 
budget training support courses for BAWSCA agency staff. It is the responsibility of individual BAWSCA 
member agencies to use water budget information to create bills or other messaging to convey information 
about the amount of irrigation that their customers are using, relative to an appropriate budget amount. 

Description of staffing or contractor support. BAWSCA currently has a contractor to assist with water 
budgets. BAWSCA intends to continue to make this contractor available for BAWSCA member agency use. 
In addition, BAWSCA may explore alternative means for assisting with accomplishing more landscape water 
budgets on a faster schedule.  

Total estimated budget and schedule assumptions. For FY 08/09, the cost is $53 per site contact for a 
water budget that includes an online review of the site and the development of a report. (This does not 
include a one-time setup fee per participating agency.) 

DSS model assumptions for Measure 4. A monthly irrigation water use budget will be provided as 
information on the water bill for all accounts with (1) a landscaped area larger than one acre, and (2) a 
separate irrigation meter. The DSS model assumes an average cost of $200 to develop a water budget for each 
irrigation account. This assumption in the model is a higher cost that the current cost paid by BAWSCA to its 
outside contractor for these services as it includes the cost of agency staff time to implement the program.  

Regional survey findings and other suggestions basis for program element design. It is recommended 
that the program be modeled after the SDCWA and CCWD programs.  

8.4.2 Landscape Surveys 

Description of work effort. Years 1 through 3. This measure includes expanding the existing program and 
providing member agencies with the ability to opt-in to the program that will be implemented by the existing 
contractor. BAWSCA may also consider starting up intern program and offering with Landscape Auditor 
training support. 

Description of staffing or contractor support. BAWSCA currently has a contractor to assist with on-site 
landscape surveys. BAWSCA intends to continue to make this contractor available for BAWSCA member 
agency use. BAWSCA may also explore alternative means for assisting with accomplishing more landscape 
surveys on a faster schedule, including seeking grant funding and intern program. The SDCWA has used this 
approach to accelerate their landscape survey program efforts. 
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Total estimated budget and schedule assumptions. Current on-site landscape surveys cost $1,350 per site. 
These surveys include a detailed review of the site and the preparation of a written report that is provided to 
the individual customers. It is assumed that this contract will continue to be made available. Landscape 
Auditor training using the Irrigation Association or other available curriculum (e.g., that provided by 
the CUWCC) may also be made available for member agency staff, if requested. An intern-based program 
may also be considered for Year 2 or later. 

DSS model assumptions for Measure 3. It is assumed that landscape water audits will be provided free of 
charge to customers, upon request, to accounts with (1) a landscaped area larger than one acre, and (2) a 
separate irrigation meter. The DSS model assumes an average utility cost of $800 per acre. 

Regional survey findings and other suggestions for program element design. It is recommended that the 
program be modeled after the SDCWA and CCWD programs.  

8.4.3 Commercial Weather Based Controller Rebates 

Description of work effort. New program for Years 2 and 3. This program, as envisioned, will be merged 
with the Residential Weather Based Controller Rebates program described above (e.g., a design phase that will 
involve the review of the study available on the CUWCC website “An Evaluation of California Smart 
Controller Study Report” that was finalized on July 1, 2009 and the ACWD program). One of the key finding 
of the reports is that the design of the program is critical and it is especially important to consider the 
program participants and qualification criteria. The technology is reliable, but the customer application of the 
device is not guaranteed to save water. The most beneficial was to get the savings from this landscape 
technology is still being determined at this time, and therefore it was recommended as a Year 2 and Year 3 
program. 

The following three options have been discussed during BAWSCA WCIP Working Group workshops: 

 Option A – Provide customers with a voucher, if an inspection confirms they are eligible to receive 
such a voucher. BAWSCA staff would administer the voucher program at an assumed 0.25 FTE level 
of effort. It is assumed that participating member agencies would perform their own random post 
inspections of at least 10 percent of the accounts.  

 Option B - Provide customers with a voucher, if an inspection confirms they are eligible to receive 
such a voucher. A contractor would administer the voucher program. It is assumed that participating 
member agencies would perform their own random post inspections of at least 10 percent of the 
accounts.  

 Option C - Provide customers with a voucher, if an inspection confirms they are eligible to receive 
such a voucher. A contractor would administer the voucher program, as well as perform random post 
inspections of at least 10 percent of the accounts. 

Description of staffing or contractor support. This is merged with the RSF and RMF weather based 
controller program as described above. 

Total estimated budget and schedule assumptions. This measure is merged with the RSF and RMF 
weather based controller program as described above. However, at this time, only a $150 rebate per irrigation 
system has been budgeted. Commercial sites are likely to be more expensive to retrofit with weather based 
controllers than RSF and RMF accounts. 

DSS model assumptions for Measure 13. It is assumed a $150 rebate will be provided for the installation of 
a pre-specified list of state-of-the-art “smart” irrigation controllers (e.g., those with on-site sensors or a signal 
from a central weather station that modifies irrigation as the weather changes). 
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Regional survey findings and other suggestions for program element design. It is recommended that 
BAWSCA review the experiences of the California water agencies that implemented a residential weather 
based controller rebate program as part of a Proposition 13 grant program and that BAWSCA pursue a future 
grant opportunity. Based on SCVWD’s experience, a rebate of larger than $150 may be required for sites with 
more than 12 stations. 
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Table 8-1. Regional Water Conservation Implementation and Financing Planning Options - Subscription Program 

Program Element 
Description 

DSS Model Based  
Measure Descriptions 

Regional Program 
Implementation Plan 

Description Implementation Options 

Planning 
number of 

participation 
Agencies 

Development 
Cost 

Cost Basis 
per 

Activity 

BAWSCA 
Admin Cost 

(Hourly 
Rate) or 

Percent per 
Participant 
or Activity 

($90.00) 
Contractor 

Cost 

Planning 
Number of 
Activities 

FY 2010 
Total Cost 
Estimate 

Full Cost 
BAWSCA 
Regional 
Program 

BAWSCA 
Cost if over 
50 Percent 

Grant 
Supported 

(50%) 

BAWSCA 
cost if 
Partial 
Grant 

Supported 
(75%) 

BAWSCA Cost 
if Partial 

Partnership 
Funding 

Supported  
(60%) Comments 

Subscription Program with Support for Programmatic BMP 3. Residential Programs  

Option A - Bulk purchase with 
agency distribution (least cost) 0 $ -- $23 $3,600 $ -- 10,938 $251,600 $251,600 $125,800 $188,700 $150,960 Subscription program. Seek 

partnership funding opportunities 
Residential 
Assistance Support - 
Bulk Purchase - 
Residential Retrofit  

Measure 2. Provide owners of pre-
1992 homes with retrofit kits that 
contain easy-to-install low flow 
showerheads, faucet aerators, and 
toilet tank retrofit devices. 

Bulk Purchase Years 1-3 

Option B - Saving Water Hero 
Distribution Program 0     10,938      

  

High-efficiency 
Clothes Washer 
Rebates 

Measure NM-5. HEWs.  Offer rebate 
program to up to 3 percent of 
accounts  

Year 1-3. Extensive 
expansion of existing 
program and opt in and out 
by more participating 
agencies, assume rebate 
amount fixed at $125 Tier 2, 
$200 Tier 3 

Continued BAWSCA support of 
management of regional contract 
with PG&E and facilitation of 
discussions with other regional 
program partners (e.g. EBMUD, 
CCWD) for program 
implementation 

18 $ -- $162.50 $44,203 $50,041 8,340 $1,449,530 $44,203 Not applicable, BAWSCA labor support 

Continued BAWSCA support of 
management of regional contract 
with PG&E and facilitation of 
discussions with other regional 
program partners (e.g. EBMUD, 
CCWD) for program 
implementation 

Option A - BAWSCA Staff <0.25 
FTE required for admin 16 $ -- $150 $54,866 1 $ -- 15,2411 $2,340,9641 $2,340,964 1 $1,170,4821 $1,755,7231 $1,404,5781 

High-efficiency Toilet 
Rebate for RSF, RMF 
and CII 

Measure NM-1. HET rebate program 
for high flow toilets for approximately 
1 percent of all toilets each year.  

Year 1-3. Extensive 
expansion of existing 
program and opt in and out 
by more participating 
agencies, assume rebate 
amount fixed at $150 

Option B - Contractor >0.25 FTE 
required by BAWSCA            

Subscription based program will 
significantly expand existing 
program. Need staff time to 
manage RFP process and 
contracting with new contractor 
(assume 200 hours) 

Subscription Program with Support for Programmatic BMP 4. CII Programs 
Option A - Bulk purchase with 
agency distribution (least cost) 15 0 $30 $9,000 $8,585 286 $17,585     

  

Option B - Contractor during CII 
Audits can install the valves at 
audited sites 

15 $5,000 $30 $9,000 $8,585 286 $22,585     
  

Option C - Intern Program 
(medium cost) 15 $5,000 $90 $9,000 $25,756 286 $39,756     

  

CII Assistance 
Support - Bulk 
Purchase - Pre-Rinse 
Spray Valves  

Measure 22. Provide free installation 
of 1.6 gpm spray nozzles for the rinse 
and clean operation in restaurants 
and other commercial kitchens. 

Bulk Purchase Year 1-3. 
Potential to restart more 
extension program modeled 
on past Rinse and Save 
program. Opportunity to 
partner with SCVWD. 

Option D - Contractor hired for 
installation of valves and walk-
thru audit (most expensive) 

15 $5,000 $150 $9,000 $42,926 286 $56,926     
  

                                                      

1 Based on annual target of 15,200 rebates which was since revised to 6,200 rebates for the BAWSCA Year 1 Program. Budgets should be adjusted accordingly. 
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Table 8-1. Regional Water Conservation Implementation and Financing Planning Options - Subscription Program 

Program Element 
Description 

DSS Model Based  
Measure Descriptions 

Regional Program 
Implementation Plan 

Description Implementation Options 

Planning 
number of 

participation 
Agencies 

Development 
Cost 

Cost Basis 
per 

Activity 

BAWSCA 
Admin Cost 

(Hourly 
Rate) or 

Percent per 
Participant 
or Activity 

($90.00) 
Contractor 

Cost 

Planning 
Number of 
Activities 

FY 2010 
Total Cost 
Estimate 

Full Cost 
BAWSCA 
Regional 
Program 

BAWSCA 
Cost if over 
50 Percent 

Grant 
Supported 

(50%) 

BAWSCA 
cost if 
Partial 
Grant 

Supported 
(75%) 

BAWSCA Cost 
if Partial 

Partnership 
Funding 

Supported  
(60%) Comments 

Subscription Program with Support for Programmatic BMP 4. CII Programs (continued) 

           
WaterSense 
Specification (High-
efficiency) Toilets 
Rebate for CII 

Measure NM-1. Offer HET rebate 
program to up to 25 percent of all 
existing accounts over 10 years. 

Year 1-3. Extensive 
expansion of existing 
program and opt in and out 
by more participating 
agencies, assume rebate 
amount fixed at $150 

Merged with Residential WSS 
HET program 

           

Subscription based program will 
significantly expand existing 
program. Need staff time to 
manage RFP process and 
contracting with new contractor 
(assume 200 hours) 

Subscription Program with Support for Programmatic BMP 5. Landscape Programs 
Option A - Contractor continues 
with Landscape Auditor program 
(most expensive) 10 Existing 

Program $150 $750 $15,134 101 $15,884 $9,000 $4,500 $6,750 $5,400 

Option B - Intern auditor program 
for water budgets and field 
verification (medium cost 
program) 

10 $12,000 $15,000 $60,000 $ -- 6 $102,000 $60,000 $51,000 $76,500 $61,200 

Water Budgets for 
Accts with Dedicated 
Meters 

Measure 4. Provide a monthly 
irrigation water use budget as 
information on the water bill for all 
irrigators of landscapes larger than 
one acre with separate Irrigation 
accounts. 

Year 1-3. Expand existing 
program and opt in and out 
by more participating 
agencies using existing 
contractor. Consider starting 
up intern program. Continue 
with Landscape Water 
Budgets training support. 

Option C - Training classes for 
agency staff on how to create 
budgets 

10 $ -- $1,000 $ -- $ -- 5 $5,000 $5,000 $2,500 $3,750 $3,000 

Option B - Same interns but less 
needed if just doing water 
budgets online and with field 
verification and not landscape 
audits. 

Option A - Contractor continues 
with Landscape Auditor program  11 Existing 

Program $1,350 $825 $46,940 35 $49,115 $3,658 $39,657 $59,486 $47,589 

Option B - Intern auditor program 
for less complex audits (medium 
cost program) 

11 $12,000 $15,000 $45,000 $ -- 8 $177,000 $60,000 $96,000 $144,000 $115,200 

Large Landscape 
Surveys Targeting CII 
Mixed Use and 
Unmetered Accts 

Measure 3. Provide free landscape 
water audits to all public and private 
irrigators of landscapes larger than 
one acre with separate Irrigation 
accounts upon request. 

Year 1-3. Expand existing 
program and opt in and out 
by more participating 
agencies using existing 
contractor. Consider starting 
up intern program. Continue 
with Landscape Auditor 
training support. 

Option C - Landscape Auditor 
Training program (least cost 
program) 

11 LA Classes $ -- $9,600 $ -- 2 $19,200 $9,600 $9,600 $14,400 $11,520 

Option B - Assume $15 per hour 
for half-time field interns. 
Sharing interns between 
participating agencies. Fund 
based on pro-rated cost per 
number of connections. Interns 
would be trained to do 
Residential and Light 
Commercial Audits, also 
distribute plumbing kits, pre-
rinse valves and do water waste 
door hangers upon request of 
individual agencies. Also assist 
with office duties and reporting 
to agencies on activities. 
Assume 0.25 FTE supervisor 
role by BAWSCA technical staff 
(new hire) 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

9 .  S E L E C T E D  P R O G R A M  M E A S U R E S  V S .  D S S  M O D E L  R E S U L T S  

The WCIP was prepared with the goal of identifying a plan for achieving up to an additional 10 MGD of 
savings by 2018. Based on the assumption that ALL of the member agencies implement the water 
conservation measures evaluated as part of the WCIP, it is estimated that 8.4 MGD of savings can be 
achieved by 2018. However, the WCIP development process did not include an activity in which individual 
agencies committed to the savings potential identified in their service area or committed to which water 
source would be saved in those areas with multiple water sources. Individual agencies maintain control of 
their local supplies and water supply portfolios. 

The DSS model was used as a tool to estimate a conservation savings potential from the implementation of 
different conservation measures and compute benefit-cost ratios and water savings. It is important to note 
that the conservation results shown in the WCIP are possible, but are also just a potential for savings. 
Achieving those savings will require that all agencies fully participate in all five new measures and that all the 
penetration goals are reached for individual measures selected in their DSS model.  

BAWSCA and the Project Team recognize that the penetration targets that were assumed for the new water 
conservation measures are more aggressive than the historic implementation rates for both the existing local 
and regional water conservation programs. As such, implementation of the WCIP may present a challenge to 
member agencies both in terms of actual implementation (i.e., achieving the target penetration rates) and in 
being able to acquire the resources and funding that will be necessary to implement the programs at the levels 
assumed herein. It is recognized that actual implementation of water conservation to achieve a future goal 
must be managed in an adaptive fashion and that individual agencies may need to make choices on a yearly 
basis about what conservation measures to implement within their local jurisdictions, sub-regionally with 
other agencies, or regionally through BAWSCA or the SCVWD. 

BAWSCA and the Project Team recognize that measure tracking and evaluation will be key to evaluate the 
success of the various measures included in the WCIP and to allow for either program or target modifications 
or to justify expanded budgets and resource allocations. BAWSCA is in the process of developing a database 
management system that will assist in this effort. 

BAWSCA and the Project team further recognize that, although each of the measures evaluated as part of the 
WCIP were determined to be cost-effective at the individual agency level based on the known cost of water, 
implementation of these water conservation measures is not cheap. Therefore, BAWSCA will continue to 
work with the member agencies to evaluate alternative methods for funding and financing all types of water 
supply programs, including water conservation, beyond the current core- and subscription- based financing 
model. 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

1 0 .  C O O R D I N A T I O N  W I T H  A G E N C I E S  A N D  P U B L I C  P A R T N E R S  

A key component in the development of the WCIP was the involvement of the various stakeholders 
throughout the WCIP development. As such, several different coordination efforts have helped to shape the 
overall direction and results: 

 The Project Working Group provided significant direction thought this project through numerous 
meetings, including the project workshops, and document review. The Working Group was comprised 
of representatives from BAWSCA’s 27 member agencies as well as a representative from the Santa 
Clara Valley Water District.  

 BAWSCA’s Technical Advisory Committee (TAC) provided input as part of the regularly schedule 
monthly TAC meetings as well as participation in two half day workshops where key input on overall 
project direction was needed. The TAC is comprised of a designated representative from each of the 
BAWSCA member agencies and serves as an advisor to the BAWSCA Chief Executive Officer. In 
addition to providing input as part of the regularly scheduled monthly TAC meetings, the TAC 
representatives also attended the Workshops. 

 Involvement of Pacific Institute throughout the project development. A key component of 
stakeholder involvement was outreach to public partners. Pacific Institute stepped forward as an 
interested participant in this project. Several meetings were held with Pacific Institute during the 
course of the project where the overall project and current activity was discuss and input received from 
Pacific Institute. Additionally, Pacific Institute has had the opportunity to review and comment on 
draft technical memoranda as the project has progressed for their review and comment. 

Since the project start in September 2008, there were a total of twelve dedicated meetings for this project, 
including a kickoff meeting, seven Working Group meetings, two half-day workshops, and two meetings with 
the Public Partners (Table 10-1). Numerous additional briefings have occurred for this project throughout its 
development, including presentations to the BAWSCA Board of Directors and the BAWSCA Board Policy 
Committee. 

This section provides details of the seven Working Group meetings and two half-day workshops, and the 
coordination efforts with public partners. 

10.1 Working Group Meetings and Agency Workshops 
The Project Team held two Working Group meeting in November to discuss the project goals and review the 
population and employment projections originally presented in Tech Memo 1, and to vote on the new 
conservation measures for further analysis in the BAWSCA WCIP Plan. A third meeting was held on 
December 9, 2009 to begin discussing the Financing and Implementation Survey results. 

The Project Team discussed the contents and results of Tech Memo 2 (released on December 19, 2009) with 
BAWSCA and member agency representatives during a half-day workshop held on January 12, 2009. A 
second half-day workshop was held on February 9, 2009 to present the results of the first workshop and 
continue the selection process and financing and implementation options.  
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The January 12, 2009 workshop objectives were the following:  
1. Review the Plan project progress to date. 
2. Discuss the results of the conservation measure evaluation presented in Tech Memo 2: 

− BAWSCA Program Shared Vision: member-driven program built from the foundation of 
needs and regional cost effectiveness of implementation. 

− BAWSCA Plan Goals 
o Prioritize the agency support needs from BAWSCA 
o Water savings 
o Cost effectiveness 
o Roles and responsibilities 

− Review feasibility of regional program elements based on surveys and modeling results 
3. Completion of survey by agencies to determine list of measures that will be formulated into regional 

implementation plan.  
4. Continued discussion on finance and implementation options. 

The February 9, 2009 workshop objectives were the following:  
1. Review of Plan project progress to date. 
2. Discussion of the January 12, 2009 survey results from agencies to determine regional program 

conservation measures. 
3. Discussion of recycled water survey results. 
4. Discussion of historical water conservation analysis. 
5. Continued discussion on finance and implementation options: 

− Shared vision discussion: implementation and financing strategies to reach consensus  

− Review and discuss regional program conservation measure survey results  

− Review survey results table on Year 1, Years 2-3 measures (Tables 5-1 and 5-2)  

− Preliminary draft program elements 

− Planning level budget estimates for regional program Year 1 
6. Consensus on short list of implementation strategies and financing options. 

The two agency workshops focused on discussions of a variety of detailed implementation and financing 
options. At the beginning of the process in January 2009, the Project Team presented a large variety of 
measures and implementation strategies. The implementation strategies and finance options were narrowed 
during discussions during the January 12 and February 9, 2009 workshops.  

Two additional Working Group meetings were held by BAWSCA on January 30, 2009 and February 24, 2009. 
The purpose of these meetings was to gather additional feedback and to allow additional opportunities for 
member agency attendance and discussion.  

The goal of all four meetings in January and February 2009 was to provide clarification, listen to comments, 
and gather feedback on implementation strategies and financing options, including the specific 
recommendations for a Year 1 program to be implemented by BAWSCA in FY 2009/2010. Through this 
process, the BAWSCA member agencies communicated their preferred conservation measures for 
implementation, and eliminated conservation measures that the member agencies were not interested in 
implementing on a regional basis.  
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The outcome of the twelve project meetings was that the BAWSCA member agencies have selected a 
program they would like BAWSCA to implement on a one-year time frame (i.e., the “Year 1 Plan”) or over a 
two to three-year timeframe. In the future, the program may be modified in response to program results and 
individual member agency feedback and needs. 

10.2 Coordination with Public Partners 
The involvement of the public partners provided a broadened perspective in the development of the Plan. A 
list of possible public partners was created by BAWSCA in October 2008 which included various non-profit 
governmental organizations (NGOs) and environmental groups. The individual organizations were contacted 
by BAWSCA and invited to join the process of creating the Plan. The organizations that were contacted 
included the Sierra Club, the Tuolumne River Preservation Trust, and the Pacific Institute.  

The Pacific Institute accepted the invitation to be involved in the development of the Plan and their input 
was solicited at each step of the Plan creation. The Pacific Institute was provided copies of each Tech Memo 
and requested to provide comments and recommendations to BAWSCA and the Project Team. BAWSCA 
and the Project Team incorporated their comments, as appropriate, into the Plan development process. 

Tech Memo 1 was provided to Pacific Institute as a draft for review and comment. In response, Pacific 
Institute provided a suggested list of seven agencies to be incorporated in the regional survey. Ultimately, two 
of the agencies that the Pacific Institute recommended were incorporated into the regional survey: the Saving 
Water Partnership Seattle Public Utilities, which has 17 participating retailers, and the Sonoma County Water 
Agency. 

The Pacific Institute also provided a list of four new water conservation measures for consideration under the 
task of “New Measures Evaluated with the DSS Model”. The four suggested measures were retrofit on resale, 
system leak detection, food steamer rebates and CII performance-based programs. These four measures were 
provided to the BAWSCA member agencies during the meeting on November 10, 2008 and included in the 
voting process when selecting new measures for further evaluation. The selection of the new measures was an 
important step in the project. The process is detailed further in Section 3.2. The additional measures 
proposed by Pacific Institute were not selected by the BAWSCA member agencies for further evaluation 
during the voting process in November 2008. However, the BAWSCA agencies did express interest for future 
possible actions by BAWSCA based on these suggested measures:  

 Retrofit on Resale – There was interest expressed by the BAWSCA member agencies for a statewide 
“Retrofit on Resale” ordinance. It was requested that BAWSCA monitor progress at the state level and 
report back to the member agencies where a collaborative effort might be feasible. 

 Food Steamer Rebates – The BAWSCA member agencies expressed interest in this measure but 
indicated a strong desire that such a measure be implemented in partnership with PG&E on a regional 
level, possibly with other Bay Area water agencies. It was requested that BAWSCA continue to 
monitor efforts for a regional rebate program offered through PG&E and report back to the member 
agencies on any new development for future consideration. 

Tech Memo 2 was also provided to Pacific Institute as a draft for review and comment. In its comments, 
Pacific Institute emphasized the importance of gathering feedback from agencies. As part of the Plan 
development process, BAWSCA and the Project Team worked to solicit and incorporate member agency 
feedback, most recently during the January 12, 2009 workshop survey (see Tables 5-1 and 5-2). The Pacific 
Institute also recommended that the Plan offer programs both for the residential and CII sectors. 

Two meetings have been held with Pacific Institute representatives to date, along with numerous phone calls 
to review progress. The first meeting, held on November 18, 2008, provided an opportunity for BAWSCA to 
brief the Pacific Institute on the overall project and to receive early input on the project and its overall 
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approach, goals, and objectives. A second meeting was held on January 23, 2009 between BAWSCA, the 
Pacific Institute, and the Project Team to discuss the preliminary results and to gather feedback on Tech 
Memo 2. In addition, the January 23, 2009 meeting included a discussion of possible financing and 
implementation options. As a result of the meeting, a section has been added to this technical memorandum 
to address options to consider during a water shortage (see Section 11.3). 

Summary information from the January 23, 2009 meeting was provided to the Working Group during the 
January 30, 2009 meeting. The Pacific Institute was provided a copy of Tech Memo 3 and the Draft Report 
for review comments. 
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Table 10-1. Summary List of Project Coordination Meetings 
Meeting Title Meeting Date Meeting Discussion Topics 

Project Kickoff Meeting September 30, 2008 
9:30-11:30am 

1. Introductions; 
2. Review the goal and purpose of this project. 

BAWSCA WCIP 
Working Group Meeting 

November 5, 2008 
9:30-11:30am 

1. Review the demand and conservation projections work that was done in 2004; 
2. Review the goal and purpose of this project, 
3. Review the relationship of this project to the supply limitation decision that SFPUC will 

be made on October 31, 2008 as part of the WSIP PEIR. 
BAWSCA WCIP 
Working Group Meeting  

November 10, 2008 
1:00-3:30pm 

1. Review and discuss Tech Memo 1 including the population and employment 
projections and associated demands; 

2. Vote on new measures for further analysis in the DSS Model; select top five; 
3. Provide feedback via a written survey to BAWSCA agencies on desires, needs, and 

challenges for the BAWSCA Water Conservation and Implementation Regional Plan. 
Survey results were published in Tech Memo 2. 

Public Partner Meeting November 18, 2008 
10:00-12:00pm 

4. Brief Pacific Institute on overall project 
5. Receive input on project approach, goals, and objectives 

BAWSCA WCIP 
Working Group Meeting  

December 9, 2008 
2:00-3:30pm 

1. Review and discuss the early results of the Implementation and Financing Survey. 

BAWSCA WCIP 
Workshop #1 

January 12, 2009 
1:00-5:00pm 

1. Review and discuss Tech Memo 2 including the conservation modeling results; 
2. Provide feedback via written survey to BAWSCA agencies on which measures each 

agency would want included in the BAWSCA WCIP for Years 1, 2-3, 4-10 or never 
regionally. 

Public Partners Meeting January 23, 2009 
9:00-10:30am 

1. Gather feedback and suggestions for the financing and implementation plan; 
2. Review and discuss Tech Memo 2 including the conservation modeling results. 

BAWSCA WCIP 
Working Group Meeting 
 

January 30, 2009 
10:00am-12:00pm 

1. Review the finance and implementation table information that has been developed to 
date and answer questions that members might have; 

2. Discuss the issue of individual agency plans for uses of other water sources available 
to them in the future (through 2030); and 

3. Review the draft Recycled Water Survey. 
BAWSCA WCIP 
Workshop #2 

February 9, 2009 
1:00-5:00pm 

1. Review/Discuss Regional Program Conservation Measure Survey Results; 
2. Brief overview of Recycled Water Survey Results; 
3. Discuss Historical Water Conservation Analysis; 
4. Continue to discuss Finance and Implementation Options. 
5. Arrive at a consensus on short list of financing and implementation strategies 

BAWSCA WCIP  
Working Group Meeting  

February 24, 2009 
9:00-11:00am 

Complete discussions on implementation, financing, and sources of water supply. 

BAWSCA WCIP  
Working Group Meeting 

May 5, 2009 
1:00-3:00 pm 

1. Discuss Draft Tech Memo #3. 
2. Discuss Updated Recycled Water Tech Memo 
3. Discuss Historical Conservation Analysis 
4. Discuss demand/supply analysis for 2018 

BAWSCA WCIP  
Working Group Meeting 

May 18, 2009 
9:30-11:30 am 

1. Discuss Draft Tech Memo #3 
2. Discuss Updated Recycled Water Tech Memo 
3. Discuss Historical Conservation Results 
4. Discuss Demand/Supply Analysis for 2018 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

1 1 .  A D D I T I O N A L  R E C O M M E N D A T I O N S  A N D  I D E A S  F O R  
F U T U R E  P L A N N I N G  A N D  I M P L E M E N T A T I O N  E F F O R T S  

11.1 Improved Conservation Data Collection and Management 
System 

One outcome of the development of the WCIP and the BAWSCA Year 1Plan was the identified need to 
improve the conservation data collection process and management system. 

11.1.1 Accurate and Efficient Data Collection 

Data collection for the WCIP project was both time consuming and labor intensive. Large volumes of 
information that needed to be collected, analyzed, summarized, and then reviewed for 27 agencies presented a 
challenging task. While it is expected that each member agency is currently tracking, and will continue to 
track, implementation of its conservation measures, it is recommended that, as a next step in the regional 
conservation implementation planning process, BAWSCA continue to work with the member agencies to 
develop goals for a regional water conservation tracking system. Some items to consider in the development 
of such a regional tracking system include the following: 

 Which data should be collected? 

 At what level of detail should the data be collected (i.e., at the regional level only or member agency-
specific)? 

 Who should collect the data (i.e., BAWSCA, member agencies, or contractors)? 

 Should the system use commercially available software, or be developed in house? 

 What are efficient methods to track measure implementation and estimate or measure water savings, 
particularly to avoid reporting redundancy (e.g., for the CUWCC, UWMPS, etc)?  

 What is the current status of member agency billing systems? Which systems do they use? When 
were they purchased? Do they plan to upgrade soon? Are there or will there be soon options for 
using the billing systems to manage these data?  

 There is a large number of different billing categories (RSF, RMF, CII), inherent in the member 
agency billing systems. Can a central system be created to handle all these different inputs in an 
efficient and consistent manner? Should the member agencies track their own data?  

 Select or develop a system that can give monthly or annual savings estimates such that BAWSCA can 
track progress against the agreed-upon goals. 

Table 11-1 presents the matrix that was used to collect the historical conservation measure implementation 
for 2004 to 2008. This matrix may serve as a starting point for future measure-specific data collection. 
Measures implemented by each member agency that are outside the scope of the WCIP and the BAWSCA 
Year 1Plan will also be tracked, if that information is provided to BAWSCA. 

The Project Team suggests focusing on both a short term solution and a long term vision. The short term 
solution would be to immediately collect information on specific program implementation in a consistent 
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manner that will be started in Year 1, including the conservation efforts that were completed in 2009. The 
long-term vision could consider converting the member agencies to similar billing systems, with similar billing 
categories, with the capability to manage at least some of the conservation data on a semi-automatic basis.  

11.1.2 Validating Measure Effectiveness 

Many assumptions were used herein to estimate the water savings associated with implementation of each 
selected water conservation measure. As part of WCIP and BAWSCA Year 1 Plan implementation, 
BAWSCA and its member agencies may want to consider developing a coordinated auditing program to 
measure the actual vs. estimated water savings associated with specific measure implementation. 

11.2 Review WCIP and Consider Implementation of New 
Technologies 

BAWSCA and its member agencies have stated the need to review the WCIP after 5 years. It is expected that 
such a 5-year review would include the following: 

 DSS Model evaluation and demand forecast using new (current) billing data as a starting point; 

 Evaluation of new technology and measures; 

 Review of actual measure implementation for each program and actual program 
successes/challenges; and 

 WCIP revision based on the above information and other relevant information obtained over the 
prior 5 years. 

The review of the WCIP and BAWSCA Year 1 Plan progress is essential in order to meet the stated water 
savings goals by 2018 and 2030. The water savings and measure implementation should also be reviewed at 
minimum on an annual basis.  

11.3 Implications for Responding to Water Shortages 
As identified in the scope for the WCIP and BAWSCA Year 1 Plan, these plans are focused on a long-term 
water efficiency prospective. However, in recognition of the Governor’s January 27, 2009 declaration of a 
state of emergency drought for the entire state of California, and as suggested by the Pacific Institute, the 
Project Team has identified a few possible roles for BAWSCA to consider during a water shortage, as follows: 

 Facilitate the communication and coordination between agencies and wholesalers (e.g., SFPUC and 
SVCWD) on a regional basis such that consistent messages to the public are forthcoming. 

 Implement a coordinated regional public education campaign focused on drought actions customers 
can implement, including development of a coordinated, consistent, clear message for the region where 
possible. 

 Expand coverage and financial incentives for BAWSCA regional programs to achieve a significant 
short-term increase in market penetrations and associated reductions in water consumption. The 
Project Team recommends focusing on increasing the penetration and visibility of programs that are 
currently in effect. Such actions need to be able to be done quickly (i.e., within a few months). There 
may not be enough time to start a program that is new to the area and expect it to be effective during 
the water shortage, however, there may be other programs done by neighboring agencies that can be 
quickly imported. 
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There are some actions that BAWSCA may undertake immediately in Year 1 if water supply conditions 
require a greater reduction in overall water use. Specifically, BAWSCA and its member agencies may consider 
more immediate action for expanding its current program. These actions may include: 

 Implement regional drought awareness campaign; and/or 

 Expand bulk purchase and distribution of selected water-efficient fixtures. 

Besides ramping up existing measures, one possible program to consider during a water shortage is a CII 
Performance Program modeled after the program currently running at the SFPUC. This particular program 
was recommended by the Pacific Institute as a possible way to achieve large savings from the existing CII 
customers with a reasonable and short-term investment of time and resources.  

The key feature of this program for BAWSCA is that it extends the coverage and funding of the CII Audit 
program currently recommended for Years 2-3 of WCIP implementation. Assuming this program was in 
place during the water shortage, the existing CII audit staff could be utilized to help coordinate this new 
effort. 

The CII Performance Program goal for BAWSCA during a water shortage situation would be to identify large 
CII users that have previously been audited and that have a significant project (e.g., replacing food steamers, 
laundry recycling, replacing a large number of toilets, use of ozone water treatment, or other process 
technology) that may have already been identified by individual company operations staff or auditors but 
might not have been implemented for various reasons, including funding. There are multiple large CII 
customers in the BAWSCA service area that could be approached and asked if there are current projects that 
could be funded to save a significant amount of water. During droughts, companies may be motivated to 
implement these projects to save on utility bills, following short-term rate increase. 

11.4 Suggestions for Future Model Updates 
Water demand projections should be updated periodically as needed. For BAWSCA, the next update of the 
demand projections should occur in the next five to ten years and include an update of the base year of 2001.   

Demand projections are used by agencies for many purposes including:   

1. Preparing necessary information for Urban Water Management Plans 

2. Updating long-range projections for capital facility planning. 

3. Preparing short-term projections for revenue planning. 

4. Tracking whether water conservation programs are reducing water demand as planned. 

5. Communication with the public about the efficacy of conservation investments. 

Agencies and BAWSCA should balance the costs and benefits of updating the base year as a part of updating 
demand projections. If demand projections are updated every five years, then the base year should be updated 
at least every ten years.  
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Table 11-1. Number of Interventions Template for Implementation of Conservation Measures 

Actual Interventions  
Measure Billing Category 2004 2005 2006 2007 2008 Units 

1 - Residential Water Surveys Single Family           Accounts 
1 - Residential Water Surveys Multifamily           Accounts 
2 - Residential Retrofit Single Family           Accounts 
2 - Residential Retrofit Multifamily           Accounts 
3 - Large Landscape Conservation Audits Commercial           Accounts 
3 - Large Landscape Conservation Audits Industrial           Accounts 
3 - Large Landscape Conservation Audits Institutional           Accounts 
3 - Large Landscape Conservation Audits Irrigation           Accounts 
3 - Large Landscape Conservation Audits Other           Accounts 
4 - Water Budgets Commercial           Accounts 
4 - Water Budgets Industrial           Accounts 
4 - Water Budgets Institutional           Accounts 
4 - Water Budgets Irrigation           Accounts 
4 - Water Budgets Other           Accounts 
5 - Washing Machine Rebate According to New BMP 6 Single Family           Dwelling Units 
5 - Washing Machine Rebate According to New BMP 6 Multifamily           Dwelling Units 
6 - Public Information Single Family           Accounts 
6 - Public Information Multifamily           Accounts 
7 - Commercial Water Audits Commercial           Accounts 
7 - Commercial Water Audits Industrial           Accounts 
7 - Commercial Water Audits Institutional           Accounts 
7 - Commercial Water Audits Irrigation           Accounts 
7 - Commercial Water Audits Other           Accounts 
8 - ICI ULF Toilet Rebate Commercial           Fixtures 
8 - ICI ULF Toilet Rebate Industrial           Fixtures 
8 - ICI ULF Toilet Rebate Institutional           Fixtures 
8 - ICI ULF Toilet Rebate Irrigation           Fixtures 
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Table 11-1. Number of Interventions Template for Implementation of Conservation Measures 
Actual Interventions  

Measure Billing Category 2004 2005 2006 2007 2008 Units 
8 - ICI ULF Toilet Rebate Other           Fixtures 
9a - RSF Toilet Sponsored Replacement Single Family           Fixtures 
9b - RMF Toilet Sponsored Replacement Multifamily           Fixtures 
10a - RSF Toilet Replacement Ordinance Single Family           Accounts 
10b - RMF Toilet Replacement Ordinance Multifamily           Accounts 
11 - Home Leak Detection and Repair Single Family           Accounts 
12 - Rebates for 6/3-Dual Flush Toilets Single Family           Fixtures 
12 - Rebates for 6/3-Dual Flush Toilets Multifamily           Fixtures 
13 - ET Controller Rebates Single Family           Accounts 
13 - ET Controller Rebates Multifamily           Accounts 
13 - ET Controller Rebates Commercial           Accounts 
13 - ET Controller Rebates Industrial           Accounts 
13 - ET Controller Rebates Institutional           Accounts 
13 - ET Controller Rebates Irrigation           Accounts 
13 - ET Controller Rebates Other           Accounts 
14 - Xeriscape Classes for Staff Single Family           Accounts 
15 - Irrigation Classes for Homeowners Single Family           Accounts 
16 - Promote Water Efficient Plantings Single Family           Accounts 
17 - Offer Incentives for Replacement of Coin Operated Washers Commercial           Fixtures 
17 - Offer Incentives for Replacement of Coin Operated Washers Industrial           Fixtures 
17 - Offer Incentives for Replacement of Coin Operated Washers Institutional           Fixtures 
17 - Offer Incentives for Replacement of Coin Operated Washers Irrigation           Fixtures 
17 - Offer Incentives for Replacement of Coin Operated Washers Other           Fixtures 
18 - Incentives for Retrofit Submetering in Multi-family Buildings Multifamily           Accounts 
19 - Require Submetering in Multi-family Buildings Multifamily           Accounts 
20 - Offer Incentives for Replacement of Multifamily Washers Multifamily           Fixtures 
21 - Landscape Requirements for New Systems Multifamily           Accounts 
21 - Landscape Requirements for New Systems Commercial           Accounts 
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Table 11-1. Number of Interventions Template for Implementation of Conservation Measures 
Actual Interventions  

Measure Billing Category 2004 2005 2006 2007 2008 Units 
21 - Landscape Requirements for New Systems Industrial           Accounts 
21 - Landscape Requirements for New Systems Institutional           Accounts 
21 - Landscape Requirements for New Systems Irrigation           Accounts 
21 - Landscape Requirements for New Systems Other           Accounts 
22 - Low Flow Restaurant Spray Nozzles Commercial           Fixtures 
23 - Water Audits Hotels-Motels Commercial           Accounts 
24 - WAVE Program Hotels Commercial           Accounts 
25 - Hotel Retrofit Commercial           Accounts 
26 - Award Program for COM Water Savings Commercial           Accounts 
27 - Replace Inefficient Equipment Industrial           Accounts 
28 - Require 0.5 gal/flush Urinals in New ICI Buildings Commercial           Accounts 
28 - Require 0.5 gal/flush Urinals in New ICI Buildings Industrial           Accounts 
29 - Financial Incentives for Complying with Water Use Budget Commercial           Accounts 
29 - Financial Incentives for Complying with Water Use Budget Industrial           Accounts 
29 - Financial Incentives for Complying with Water Use Budget Institutional           Accounts 
29 - Financial Incentives for Complying with Water Use Budget Irrigation           Accounts 
29 - Financial Incentives for Complying with Water Use Budget Other           Accounts 
30 - Financial Incentives for Irrigation Upgrades Irrigation           Accounts 
31 - Require Dedicated Irrigation Meters Multifamily           Accounts 
31 - Require Dedicated Irrigation Meters Commercial           Accounts 
31 - Require Dedicated Irrigation Meters Industrial           Accounts 
31 - Require Dedicated Irrigation Meters Institutional           Accounts 
31 - Require Dedicated Irrigation Meters Irrigation           Accounts 
31 - Require Dedicated Irrigation Meters Other           Accounts 
32 - Water Utility/City Department Reduction Goals Institutional           Accounts 
32 - Water Utility/City Department Reduction Goals Other           Accounts 
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W A T E R  C O N S E R V A T I O N  I M P L E M E N T A T I O N  P L A N  
F I N A L  R E P O R T  

1 2 .  L I M I T A T I O N S  

This document was prepared solely for BAWSCA in accordance with professional standards at the time the 
services were performed and in accordance with the contract between BAWSCA and MWM (and BC) dated 
September 19, 2008, as amended. This document is governed by the specific scope of work authorized by 
BAWSCA; it is not intended to be relied upon by any other party except for regulatory authorities 
contemplated by the scope of work. We have relied on information or instructions provided by BAWSCA 
and other parties and, unless otherwise expressly indicated, have made no independent investigation as to the 
validity, completeness, or accuracy of such information.  

This document sets forth the results of certain services performed by MWM and Brown and Caldwell. The 
report includes technical content and tables developed by MWM and Brown and Caldwell. The text of the 
document reflects edits made by BAWSCA during the Draft report revision process. BAWSCA recognizes 
and acknowledges that these services were designed and performed within various limitations, including 
budget and time constraints.  

Further, MWM and Brown and Caldwell makes no warranties, express or implied, with respect to this 
document, except for those, if any, contained in the agreement pursuant to which the document was 
prepared. All data, drawings, documents, or information contained this report have been prepared exclusively 
for the person or entity to whom it was addressed and may not be relied upon by any other person or entity 
without the prior written consent of MWM and Brown and Caldwell unless otherwise provided by the 
Agreement pursuant to which these services were provided 
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Table A-1. Conservation Measure Variables 

 Measure 

Target Water 
User Group; End 

Use Market Penetration Goal10 

Measure Water Savings  
(as a percent of total water usage [per end use] on 

each account to which the measure is applied) 

Measure Design 
Length  
(years) 

Measure Life 
(years) 

Utility Unit Cost 
(for contractor) Retail Customer Unit Cost 

Utility Administration and 
Marketing Cost 

(percentage per participant) 
MEASURES INCLUDED IN THE 2004 STUDY 

1. 

Residential Water Surveys RSF, RMF; Indoor 
and Outdoor 

15 percent1 of target water user 
group accounts with applicable end 
use at end of ten years 

5 percent - Internal water savings, 10 percent - Leaks & 
Exterior1 water savings 

- - - - - - - - - - - - - - - - - - - 
Cost & Savings Study (C&S Study) for untargeted 
surveys, pg 2-46; savings per dwelling unit surveyed 
converted to end-use percentage basis for DSS Model 
using SFPUC mean customer indoor/outdoor per capita 
use and household size (see SFPUC Wholesale 
Customer Water Demand Projections Technical Report 
(URS 2004)) ) 

Indefinitely 
- - - - - - - - - - - - 

Measure planned to 
continue indefinitely so 
savings stay at the level 
reached after 7 years 
(the measure life) 

72 
- - - - - - - - - - - 

CUWA Report 
page 20 

$80/RSF account, $130/RMF 
account1 

- - - - - - - - - - - - - - - - - - 
RSF survey costs within range 
provided by C&S Study, pg 2-48, 
which is $40-200 per RSF survey; 
costs for RMF based on MWM 
experience. 

$15/RSF account, $50/RMF 
account 

- - - - - - - - - - - - - - - - 
MWM experience, allows for minor 
leak repair and retrofits by owner 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, requires large 
marketing effort to hit targets 

2. 

Residential Retrofit RSF, RMF; Indoor 75 percent of existing non-low flow 
devices in target water user group 
accounts with applicable end use 
(varies by city)1 

21 percent - Internal water savings, end use is 
Showers3,9 

- - - - - - - - - - - - - - - - - - - - 
Adapted from AWWARF REUS report, by John Olaf 
Nelson and published in his Kobe, Japan paper. 

5 Permanent 
- - - - - - - - - - - 

Only low flow 
showerheads can 
be purchased to 
replace original 
retrofit 

$30/RSF, $15/RMF dwelling unit 1 
- - - - - - - - - - - - - - - - - - 

Costs within range provided by C&S 
Study, pg 2-49, assuming 2 
showers/RSF and 1 per RMF 

0 
- - - - - - - - - - - - - - - - 

Customer installed - no cost 
assigned 

10% 
- - - - - - - - - - - - - - - - - 

MWM experience, many prior 
examples available to follow 

3. 

Large Landscape 
Conservation Audits 

CII; Outdoor 15 percent of target water user group 
accounts with mixed use meters1 

15 percent Exterior water savings, end use is Irrigation1 
- - - - - - - - - - - - - - - - - - - - 

C&S Study in the range reported on pages 2-99,100 

10 102 
- - - - - - - - - - - 

CUWA Report 
page 20 

$800/acre4,5 

- - - - - - - - - - - - - - - - - - 
Adapted from BMP 5 Handbook, pg. 
3-11, deleting marketing cost and 
adding 30 percent allowance for 
periodic follow-up to maintain 
savings. Converted to $/acre using 
avg survey site value of 1.25 acres 
(From BMP Reporting Database 
Water Savings Calculator default 
value) 

$200/acre 
- - - - - - - - - - - - - - - - 

MWM experience 

30% 
- - - - - - - - - - - - - - - - - 

MWM experience, sometimes difficult 
to promote 

4. 

Water Budgets CII; Outdoor 90 percent of CII sites with irrigation 
meters1 

15 percent Exterior water savings, end use is Irrigation2 
- - - - - - - - - - - - - - - - - - - - 

CUWA Report page A-11 

5 Permanent2 
- - - - - - - - - - - 

CUWA Report 
page 20 

$200/Irrigation account3 
- - - - - - - - - - - - - - - - - - 

Within the range cited in BMP 5 
Handbook, pg. 2-19 

0 
- - - - - - - - - - - - - - - - 

Customer’s contractor adjusts 
irrigation controller, no cost 
assigned 

15% 
- - - - - - - - - - - - - - - - - 

MWM experience, straight-forward but 
tedious 

5. 

Clothes Washer Rebate RSF, RMF; Indoor As per new BMP 6 2005-2007, 4.8 
percent of dwelling units in target 
water user group accounts with 
applicable end use by 2007 

35 percent-Interior water savings, end use is Laundry1 
- - - - - - - - - - - - - - - - - - - - 

Reduced slightly from the range in the C&S Study range 
on pg. 2-13 due to high household sizes in the Bay Area 
and the potential for shared laundry loads; specific 
savings based on fixture modeling 

3 Permanent 
- - - - - - - - - - - 

MWM judgment 
that user will not 
replace an 
efficient machine 
with an inefficient 
one, given 
pending state 
standards 

$75/fixture 
- - - - - - - - - - - - - - - - - - 

Typical rebates currently offered 

$200/fixture 
- - - - - - - - - - - - - - - - 

Estimate of added cost for an 
efficient machine 

30% 
- - - - - - - - - - - - - - - - - 

MWM experience in consultation with 
BAWSCA 
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Table A-1. Conservation Measure Variables 

 Measure 

Target Water 
User Group; End 

Use Market Penetration Goal10 

Measure Water Savings  
(as a percent of total water usage [per end use] on 

each account to which the measure is applied) 

Measure Design 
Length  
(years) 

Measure Life 
(years) 

Utility Unit Cost 
(for contractor) Retail Customer Unit Cost 

Utility Administration and 
Marketing Cost 

(percentage per participant) 

6. 

Public Information Program RSF; Indoor and 
Outdoor 

100 percent of target water user 
group accounts with applicable end 
use 

1 percent water savings on all indoor and outdoor end 
uses 

- - - - - - - - - - - - - - - - - - - - 
MWM estimate, assuming a robust conservation program 
accompanies public education, but that most of customer 
water savings are accounted for in other programs 

Indefinitely 
- - - - - - - - - - - - 

Program planned to 
continue indefinitely so 
savings stay at the level 
reached after 2 years 

2 
- - - - - - - - - - - 

MWM judgment 
that public 
education has a 
limited life and 
must be continued 
to maintain 
savings 

$2/RSF Account/yr 
- - - - - - - - - - - - - - - - - 

MWM experience 

0 
- - - - - - - - - - - - - - - - 

Customer actions are voluntary.  

0 
- - - - - - - - - - - - - - - - - 

Cost included in utility cost 

7. 

Commercial Water Audits CII; Indoor and 
Outdoor 

Top 10 percent (highest water users) 
of target water user group accounts 
with applicable end use 

12 percent water savings of all site end uses 
(potential for 30 percent savings but only implement 40 
percent of the potential)1,6 

- - - - - - - - - - - - - - - - - - - - 
Default value for BMP 9, see MOU pg 44, also within 
range of savings reported in C&S Study pgs 2-62-65, 
allowing for a 40 percent implementation of identified 
potential 

10 Permanent 
- - - - - - - - - - - 

MWM experience 
that potential is in 
equipment 
changes, likely to 
be permanent, 
rather than 
behavioral 
changes 
 

$3000/account 
(top 10 percent of water users)1 

- - - - - - - - - - - - - - - - - 
In range of costs cited in C&S Study, 
pg 2-66, mean analyst surveys 
adjusted for inflation since 1995 

$2000/account 
- - - - - - - - - - - - - - - - 

MWM experience, excludes costs 
for cost-effective projects paid by 
facility, covers facility contract 
administration costs 

50% 
- - - - - - - - - - - - - - - - - 

MWM experience, marketing is 
difficult 

8. 

ULF Toilet and Urinal 
Rebates 

CII; Indoor 3 percent of target water user group 
accounts with pre-1992 Toilets 

Water savings are variable percentage of COM Toilet 
use, varies with current toilet stock7; 

- - - - - - - - - - - - - - - - - - - - 
Savings calculated by CUWCC with toilet data by zip 
code. Savings based on CII ULFT Savings Study 

3 Permanent $200/fixture 
- - - - - - - - - - - - - - - - - - 

Typical rebates currently offered, 
higher than residential rebates due 
to higher toilet use and savings 

$200/fixture 
- - - - - - - - - - - - - - - - 

MWM experience, assumes 
replacement fixture is usually a 
flushometer type toilet 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, many examples 
are available to follow, but still labor 
intensive 

9. 

Residential ULF Toilet 
Rebate 

RSF, RMF; Indoor Result of 10 years of replacement at 
resale rate less natural replacement 
rate for applicable target water user 
group accounts 

Water savings is approximately 60 percent of RSF and 
RMF toilet end use water usage, savings varies with 
current toilet stock3 

- - - - - - - - - - - - - - - - - - - - 
Savings set up in fixture models, see SFPUC Wholesale 
Customer Water Demand Projections Technical Report 
(URS 2004) 

10 Permanent $50/fixture 
- - - - - - - - - - - - - - - - - - 

Typical rebates currently offered 

$75 per fixture 
- - - - - - - - - - - - - - - - 

Estimate of added cost for an 
efficient machine 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, many examples 
are available to follow, but still labor 
intensive 

10. 

Require 1.6 gal per flush 
toilets to be installed at the 
time of sale of existing 
buildings 

RSF, RMF; Indoor Approximately 100 percent of target 
water user group accounts with 
applicable end use 
(varies by city ~7 percent/yr) 

Water savings is approximately 60 percent of RSF and 
RMF toilet end use water usage, savings, varies with 
current toilet stock3 

- - - - - - - - - - - - - - - - - - - - 
Savings set up in fixture models, see SFPUC Wholesale 
Customer Water Demand Projections Technical Report 
(URS 2004) 

Varies with resale rate 
approximately 10 years 

Permanent $10/account 
- - - - - - - - - - - - - - - - - - 

MWM experience 

$125/fixture 
- - - - - - - - - - - - - - - - 

Estimate of total cost for an 
efficient machine, installed 

15% 
- - - - - - - - - - - - - - - - - 

MWM experience for regulatory 
program that is somewhat 
complicated and not routine 

11. 

Home Leak Detection and 
Repair 

RSF; Indoor and 
Outdoor 

Offer to top 20 percent of accounts 
(highest water users) in target water 
user group, complete approximately 
half of those offered (10 percent of 
total accounts in target water user 
group) 

90 percent water savings, end use is Int./Ext. Leakage 
use3 

- - - - - - - - - - - - - - - - - - - - 
Savings assume 90 percent of leaks removed by 
plumber, leakage amount based on AWWARF REUS 

10 5 
- - - - - - - - - - - 

MWM experience, 
new leaks will 
appear 

$200/account 
- - - - - - - - - - - - - - - - - - 

MWM experience, cost of plumber 
and leak repair materials 

0 
- - - - - - - - - - - - - - - - 

Utility subsidizes entire cost of 
repair 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, new program 
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Table A-1. Conservation Measure Variables 

 Measure 

Target Water 
User Group; End 

Use Market Penetration Goal10 

Measure Water Savings  
(as a percent of total water usage [per end use] on 

each account to which the measure is applied) 

Measure Design 
Length  
(years) 

Measure Life 
(years) 

Utility Unit Cost 
(for contractor) Retail Customer Unit Cost 

Utility Administration and 
Marketing Cost 

(percentage per participant) 

12. 

Rebates for 6/3 dual flush or 
4 liter toilets 

RSF, RMF; Indoor 25 percent of target water user group 
accounts with applicable end use 

Water savings is approximately 67 percent, end use is 
Toilets, varies with current toilet stock3 

- - - - - - - - - - - - - - - - - - - - 
Savings based on DSS Model toilet fixture models, which 
were based on AWWARF REUS, adjusted for lower flush 
volume 

10 Permanent 
- - - - - - - - - - - 

Assumes dual 
flush toilet 
replaced 
eventually with a 
like model 

$100/fixture 
- - - - - - - - - - - - - - - - - - 

MWM experience, assumes future 
price reduction from current levels 

$50/fixture 
- - - - - - - - - - - - - - - - 

MWM experience, covers 
installation cost 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, new program 

13. 

ET Controller Rebates RSF, RMF, CII, 
PUB; Outdoor 

50 percent of accounts in target 
water user group with applicable end 
use are eligible, Assume 
approximately 20 percent of those 
eligible accept 

15 percent water savings, end use is Irrigation1 
- - - - - - - - - - - - - - - - - - - - 

Savings based on C&S Study, pg 2-2 that reports on 
IRWD findings, slightly reduced to account for different 
climate in Bay Area from Orange County where studies 
were done. 

20 Permanent 
- - - - - - - - - - - 

Assumes ET 
Controller 
replaced 
eventually with a 
like model 

$150/rebate per account 
- - - - - - - - - - - - - - - - - - 

MWM experience, assumes future 
price reduction from current levels 

$100/account 
- - - - - - - - - - - - - - - - 

MWM experience, covers 
installation cost 

50% 
- - - - - - - - - - - - - - - - - 

MWM experience, high due to new 
technology and more difficult 
marketing and probable call backs to 
adjust settings 

14. 

Xeriscape education and 
staff training at retail 
garden/irrigation supply 
houses 

RSF; Outdoor 10 classes per site (training center) 
per year, each 300 
homeowners/year (in target water 
user group with applicable end use)  

15 percent water savings, end use is Irrigation 
- - - - - - - - - - - - - - - - - - - - 

New measure, no published data available, MWM 
estimate 

Indefinitely 
- - - - - - - - - - - - 

Small program done 
every year to reach 
significant population 

Permanent 
- - - - - - - - - - - 

Assumes 
permanent 
landscape 
conversions on 
part of landscaped 
area 

$300/class; ten per year per training 
site 

- - - - - - - - - - - - - - - - 
MWM experience, covers training 
cost 

$200/account 
- - - - - - - - - - - - - - - - 

MWM experience, covers new 
plant material purchase cost 

10% 
- - - - - - - - - - - - - - - - 

MWM experience, easy to administer 
once established 

15. 

Homeowner irrigation 
classes 

RSF; Outdoor 200 homeowners (in target water 
user group with applicable end use) 
per training site per year 

10 percent water savings, end use is Irrigation 
- - - - - - - - - - - - - - - - - - - - 

New measure, no published data available, MWM 
estimate 

Indefinitely 
- - - - - - - - - - - - 

Small program done 
every year to reach 
significant population 

Permanent 
- - - - - - - - - - - 

Assumes 
permanent 
irrigation system 
upgrade on part of 
landscaped area 

$300/class; ten per year 
- - - - - - - - - - - - - - - - - 

MWM experience, covers training 
cost 

$300/account 
- - - - - - - - - - - - - - - - 

MWM experience, covers new 
irrigation system material purchase 
cost 

10% 
- - - - - - - - - - - - - - - - 

MWM experience, easy to administer 
once established 

16. 

Promote water efficient 
plantings at new homes 

RSF; Outdoor 10 percent of new homes in target 
water user group with applicable end 
use 

10 percent water savings, end use is Irrigation 
- - - - - - - - - - - - - - - - - - - - 

No published data available yet; measure being 
implemented in several places, MWM estimate 

Indefinitely 
- - - - - - - - - - - - 

Small program done for 
larger subdivisions 
every year to reach 
significant population 

Permanent 
- - - - - - - - - - - - 

Assumes 
permanent low 
water use 
landscape 
installation 

$100/account 
- - - - - - - - - - - - - - - - - 

MWM experience, covers possible 
incentive to new home buyers 

$1,000/account 
- - - - - - - - - - - - - - - - 

MWM experience, covers added 
cost of low water use plants 
instead of turf 

20% 
- - - - - - - - - - - - - - - - - 

MWM experience, covers coordinating 
with developers 

17. 

Offer incentives for 
replacement of clothes 
washers in coin-operated 
laundries 

CII; Indoor 50 percent of target water user group 
accounts with applicable end use by 
the year 2007 

35 percent water savings, end use is Laundry1 
- - - - - - - - - - - - - - - - - - - - 

Reduced slightly from the range in the C&S Study range 
on pg. 2-13 due to new measure; specific savings based 
on service area data collected 

3 Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace an 
efficient machine 
with an inefficient 
one, given 
pending standards 

$300/washer 
- - - - - - - - - - - - - - - - - 

MWM experience, covers rebate 
cost which can be higher than for a 
residential machine because 
commercial machine used much 
more frequently 

$100/washer 
- - - - - - - - - - - - - - - - 

MWM experience, covers added 
cost of efficient commercial 
machine 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, new program, but 
sites have been identified 
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Table A-1. Conservation Measure Variables 

 Measure 

Target Water 
User Group; End 

Use Market Penetration Goal10 

Measure Water Savings  
(as a percent of total water usage [per end use] on 

each account to which the measure is applied) 

Measure Design 
Length  
(years) 

Measure Life 
(years) 

Utility Unit Cost 
(for contractor) Retail Customer Unit Cost 

Utility Administration and 
Marketing Cost 

(percentage per participant) 

18. 

Incentives for retrofitting 
sub-metering 

RMF; Indoor 25 percent of the number of 
multifamily buildings (with more than 
20 units in the building), new and 
existing buildings are included 
 

10 percent water savings of all indoor end uses1 
- - - - - - - - - - - - - - - - - - - - 

New measure, savings estimate consistent with C&S 
Study, pg 2-26 for data available in 2003. 

10 Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
remove sub-
meters 

$1,000/account 
- - - - - - - - - - - - - - - - - 

MWM experience, covers planned 
average rebate cost which would be 
based on building units 

$100/unit + $5/month per unit 
metered 

- - - - - - - - - - - - - - - - 
MWM experience, covers 
installation (retrofit) cost and meter 
read and bill cost 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, new program, 
difficult to accomplish equitably 

19. 

Require sub-metering 
multifamily units 

RMF; Indoor 90 percent of new units in target 
water user group (RMF), applies to 
all building sizes. 
 

10 percent water savings of all indoor end uses1 
- - - - - - - - - - - - - - - - - - - - 

New measure, savings estimate consistent with C&S 
Study, pg 2-26 for data available in 2003 

Indefinitely 
- - - - - - - - - - - - 

Applies to all new units 
 

Permanent 
- - - - - - - - - - - 

Removal not 
allowed 

$10/unit 
- - - - - - - - - - - - - - - - 

MWM experience, covers added 
design review and inspection cost 

$50/unit + $5/month/unit metered 
- - - - - - - - - - - - - - - - 

MWM experience, covers 
installation on new units cost and 
meter read and bill cost 

10% 
- - - - - - - - - - - - - - - - - 

MWM experience, administered 
through normal building code 
enforcement 

20. 

Rebate RMF efficient clothes 
washers 

RMF; Indoor 50 percent of target water user group 
accounts by the year 2007 

35 percent water savings, end use is Laundry1 
- - - - - - - - - - - - - - - - - - - - 

Reduced slightly from the range in the C&S Study range 
on pg. 2-13 due to new measure; specific savings based 
on service area data collected 

3 Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace an 
efficient machine 
with an inefficient 
one, given 
pending standards 

$200/washer 
- - - - - - - - - - - - - - - - - 

MWM experience, covers rebate 
cost which can be higher than for a 
Single-Family Residential machine 
but less than public coin-op machine 
based on use frequency 

$100/washer 
- - - - - - - - - - - - - - - - 

MWM experience, covers added 
cost of efficient heavy duty 
machine 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, new program, 
targets not identified 

21. 

Enforce landscape 
requirements for new 
landscaping systems (turf 
limitations / regulations) 

RMF, CII; Outdoor 70 percent of new installations in 
target water user groups with 
applicable end uses 

15 percent water savings, end use is Irrigation 
- - - - - - - - - - - - - - - - - - - - 

New measure enforcing existing AB325 regulations, 
MWM estimate 

Indefinitely 
- - - - - - - - - - - - 

Applies to all new Non-
Residential accounts 
 

Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace an 
efficient landscape 
with an inefficient 
landscape 

$50 per new Non-Residential 
account 

- - - - - - - - - - - - - - - - - 
MWM experience, covers added new 
site design review and inspection 
cost 

$500 per account 
- - - - - - - - - - - - - - - - 

MWM experience, covers added 
cost of low water landscaping 
versus turf 

15% 
- - - - - - - - - - - - - - - - - 

MWM experience, covers landscape 
industry education and compliance 
checking 

22. 

Restaurant low flow spray 
rinse nozzles 

CII; Indoor 75 percent of restaurants, colleges, 
and hospitals (derived based on 
billing and census data and 
wholesale customer feedback 
specific to their service area) 

50 percent water savings of spray nozzle usage 
(150 gpd/site)8 

- - - - - - - - - - - - - - - - - - - - 
Based on year one CA PUC sponsored retrofit, 2003 
reported savings (since revised down 8 percent) 

5 Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace an 
efficient valve with 
an inefficient valve 

$200/site8 
- - - - - - - - - - - - - - - - - 

Based on year one CA PUC 
sponsored retrofit, plus 10 percent to 
account for wider installation 
program 

0 
- - - - - - - - - - - - - - - - 

Provided free and installed for 
customer 

15% 
- - - - - - - - - - - - - - - - - 

MWM experience, assuming centrally 
organized and contracted out, expand 
existing program 

23. 

Focused water audits for 
hotels/motels 

CII; Indoor and 
Outdoor 

50 percent of hotel and motels 
(derived based on billing and census 
data, and wholesale customer 
feedback specific to their service 
area) 

15 percent water savings on all Hotel/Motel end uses1 
- - - - - - - - - - - - - - - - - - - - 

Within range of savings reported in C&S Study pgs 2-62-
65, allowing for a 40 percent implementation of identified 
potential plus MWM experience with hotel audits 

10 Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace retrofitted 
efficient 
equipment with 
inefficient 
equipment 

$3,000/site1 
- - - - - - - - - - - - - - - - - 

In range of costs cited in C&S Study, 
pg 2-66, mean analyst surveys 
adjusted for inflation since 1995; 
assumes audits are done in large 
numbers and done efficiently 

$2,000/site 
- - - - - - - - - - - - - - - - 

MWM experience with hotel audits, 
excludes cost-effective project 
costs; allows for hotels 
administration costs 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, assuming centrally 
organized and contracted out 
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Table A-1. Conservation Measure Variables 

 Measure 

Target Water 
User Group; End 

Use Market Penetration Goal10 

Measure Water Savings  
(as a percent of total water usage [per end use] on 

each account to which the measure is applied) 

Measure Design 
Length  
(years) 

Measure Life 
(years) 

Utility Unit Cost 
(for contractor) Retail Customer Unit Cost 

Utility Administration and 
Marketing Cost 

(percentage per participant) 

24. 

WAVE Program (US EPA) 
for hotels 

CII; Indoor 10 percent of hotels and motels 
(derived based on billing and census 
data, and wholesale customer 
feedback specific to their service 
area) 

5 percent water savings on all Hotel/Motel end uses 
- - - - - - - - - - - - - - - - - - - - 

New measure relies on voluntary compliance; no 
published savings, MWM estimate 

10 Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace retrofitted 
efficient 
equipment with 
inefficient 
equipment 

$200/site 
- - - - - - - - - - - - - - - - - 

Direct utility costs for promoting 
program 

$5,000/site 
- - - - - - - - - - - - - - - - 

MWM experience with hotel audits, 
includes in-house cost of doing 
water audit and using EPA 
provided software to identify cost-
effective retrofit projects 

15% 
- - - - - - - - - - - - - - - - - 

Covers other utility costs for 
promoting program 

25. 

Hotel retrofit (w/financial 
assistance) 

CII; Indoor 20 percent of hotels and motels 
(derived based on billing and census 
data, and wholesale customer 
feedback specific to their service 
area) 

20 percent water savings on all Hotel/Motel end uses1 
- - - - - - - - - - - - - - - - - - - - 

Within range of savings reported in C&S Study pgs 2-62-
65, allowing for a 40 percent implementation of identified 
potential plus effects of financial assistance 

10 Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace retrofitted 
efficient 
equipment with 
inefficient 
equipment 

$100/room 
- - - - - - - - - - - - - - - - - 

Utility rebate for subsidizing retrofit 
program 

$100/room 
- - - - - - - - - - - - - - - - 

Balance of cost to retrofit room 
(new toilet, showerhead, faucet 
aerator) 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience, covers other utility 
costs for promoting program and 
working with hotels to accomplish 
retrofits 

26. 

Award program for water 
savings by businesses 

CII; Indoor and 
Outdoor 

3 accounts every other year for each 
wholesale customer with significant 
number CII water using accounts 
(large customers in target water user 
group only) 

25 percent water savings, end use is commercial 1 
- - - - - - - - - - - - - - - - - - - - 

Within range of savings reported in C&S Study pgs 2-62-
65, allowing for a 40 percent implementation of identified 
potential plus effects of reward (for businesses who 
achieve this level of savings) 

Indefinitely Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace retrofitted 
efficient 
equipment with 
inefficient 
equipment 

$1000/account (top 5 percent of 
applicable accounts) for publicity, 
judging 

- - - - - - - - - - - - - - - - - 
MWM experience, (budgeted 
number for program) 

$5,000/account 
- - - - - - - - - - - - - - - - 

MWM experience, excludes costs 
for cost-effective projects, covers 
water audit cost and facility 
contract administration costs 

15% 
- - - - - - - - - - - - - - - - - 

MWM experience 

27. 

Replace inefficient water 
using equipment 

CII; Indoor 10 percent of accounts in target 
water user group with applicable end 
use 

15 percent water savings, end use is Process use1 

- - - - - - - - - - - - - - - - - - - - 
Within range of savings reported in C&S Study pgs 2-62-
65, allowing for a 40 percent implementation of identified 
potential plus effects of reward (targeted at process use 
by large customers) 

10 Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace retrofitted 
efficient 
equipment with 
inefficient 
equipment 

$1,000/account 
- - - - - - - - - - - - - - - - - 

Utility rebate for approved retrofit 
program 

$5,000/account 
- - - - - - - - - - - - - - - - 

MWM experience, excludes costs 
for cost-effective projects, covers 
water audit cost and facility 
contract administration costs 

15% 
- - - - - - - - - - - - - - - - - 

MWM experience, sites contact 
utilities for rebate, lower promotion 
costs than for CII surveys 

28. 

Require 0.5 gal/flush urinals 
in new buildings 

CII; Indoor 70 percent of new accounts in target 
water user group with applicable end 
use 

50 percent water savings, end use is Urinals1 
- - - - - - - - - - - - - - - - - - - - 

Within range of savings reported in C&S Study pg 2-92; 
assumes average of 0.5 gal/flush urinal used instead of 1 
gal/flush urinal, currently required. 

Indefinitely 
- - - - - - - - - - - - 

Applies to all new Non-
Residential accounts 
 

Permanent $25/new CII Account with urinals 
- - - - - - - - - - - - - - - - - 

Utility budget for extra checking 
during building approval and 
construction phases 

0 
- - - - - - - - - - - - - - - - 

MWM experience, assumes no 
added cost of low water use flush 
valve 

10% 
- - - - - - - - - - - - - - - - - 

MWM experience, administered 
through normal building code 
enforcement 

29. 

Financial incentives for 
complying with water use 
budget 

CII; Outdoor 75 percent of sites in applicable 
target water user group with irrigation 
meters 

15 percent water savings (on top of water budget 
savings), end use is Irrigation2,4 

- - - - - - - - - - - - - - - - - - - - 
Within range of savings reported by CUWA pg A-11 and 
BMP 5 handbook, pg 2-17 

Indefinitely 
- - - - - - - - - - - - 

Permanent change for 
sites with irrigation 
meters 

Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace efficient 
irrigation 
equipment with 
inefficient 
equipment 

$500/account 
- - - - - - - - - - - - - - - - - 

Average utility rebate for those sites 
that reduce use 

$1000/account 
- - - - - - - - - - - - - - - - 

MWM experience, covers cost of 
irrigation retrofit to meet water 
budget 

10% 
- - - - - - - - - - - - - - - - - 

MWM experience on regulatory 
program 
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Table A-1. Conservation Measure Variables 

 Measure 

Target Water 
User Group; End 

Use Market Penetration Goal10 

Measure Water Savings  
(as a percent of total water usage [per end use] on 

each account to which the measure is applied) 

Measure Design 
Length  
(years) 

Measure Life 
(years) 

Utility Unit Cost 
(for contractor) Retail Customer Unit Cost 

Utility Administration and 
Marketing Cost 

(percentage per participant) 

30. 

Financial incentives for 
irrigation upgrades 

CII; Outdoor 10 percent of new sites in applicable 
target water user group with irrigation 
or mixed use meters 

15 percent water savings, end use is Irrigation1 
- - - - - - - - - - - - - - - - - - - - 

C&S Study in the range reported on pages 2-99,100 

10 
 

Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace efficient 
irrigation 
equipment with 
inefficient 
equipment 

$500/account 
- - - - - - - - - - - - - - - - - 

Average utility rebate per site 

$500/account 
- - - - - - - - - - - - - - - - 

MWM experience, covers cost of 
new site to install more efficient 
irrigation equipment than is normal 
practice 

25% 
- - - - - - - - - - - - - - - - - 

MWM experience with City of 
Pleasanton and others EBMUD and 
CCWD who have implemented this 
program 

31. 

Require dedicated irrigation 
meters for new accounts 

CII; Outdoor 50 percent of new CII accounts 
where no irrigation meters currently 
exist 

Apply water budget savings from measure 4 to all new 
targeted Irrigation accounts2 

- - - - - - - - - - - - - - - - - - - - 
CUWA Report page A-11 

Indefinitely 
- - - - - - - - - - - - 

Applies to all new Non-
Residential accounts 

Permanent 
- - - - - - - - - - - 

MWM judgment 
that owner will not 
replace efficient 
irrigation 
equipment with 
inefficient 
equipment 

$10/account/year 
- - - - - - - - - - - - - - - - - 

Average utility cost per site to read 
and bill more irrigation meters than 
would otherwise occur. 

$1000/account 
- - - - - - - - - - - - - - - - 

MWM experience, covers cost of 
new site to install more efficient 
irrigation system, motivated by link 
to water budget 

10% 
- - - - - - - - - - - - - - - - - 

MWM experience on regulatory 
program 

32. 

Water Utility / City 
Department water reduction 
goals 

PUB; Indoor and 
Outdoor 

50 percent of city departments 
(derived from billing data and census 
data, and wholesale customer 
feedback specific to their service 
area) 

10 percent water savings in indoor end uses, 15 percent 
water savings in City, County Irrigation usage1 

- - - - - - - - - - - - - - - - - - - - 
Within range of savings reported in C&S Study pgs 2-62-
65, allowing for a 40 percent implementation of identified 
potential plus MWM experience with hotel audits 

10 Permanent 
- - - - - - - - - - - 

MWM judgment 
that city will not 
replace efficient 
equipment with 
inefficient 
equipment 

$500/account 
- - - - - - - - - - - - - - - - - 

Average water utility rebate per site 

$2,000/account 
- - - - - - - - - - - - - - - - 

MWM experience, covers cost to 
install more efficient equipment 
and devices 

15% 
- - - - - - - - - - - - - - - - - 

MWM experience on agency to 
agency communication program 

ADDITIONAL/NEW MEASURES INCLUDED IN THE 2008 STUDY 

NM-1 

High-efficiency Toilet Rebate 
Program 

RSF, RMF, CII;  
Indoor 

Approximately 1 percent of accounts 
affected annually for 10 years. 
Based on; approximately 60 percent 
are already ULF toilets. Participation 
rate is 9.5 percent of  
RSF, RMF, and CII accounts by the 
end of the program. 
When M12 is run with NM1, market 
penetration reduces to 15 percent 
and 10 percent, respectively 

68 percent savings of toilet end use 
- - - - - - - - - - - - - - - - - - - - 

Reduction percentage depends on replacement of high 
volume existing toilets with HETs. 

10 
- - - - - - - - - - - - 

Should test program 
after 10-years and 
continue if savings and 
costs are effective. 

Permanent 
- - - - - - - - - - - - 

Assumes that 
owner will not 
replace retrofitted 
efficient 
equipment with 
inefficient 
equipment (MWM 
2005a). 

$150/ toilet  
- - - - - - - - - - - - - - - - - 

Based on cost estimate per request 
of Nicole Sandkulla at BAWSCA. 

$100/toilet  
- - - - - - - - - - - - - - - - 

Net cost is approximately $100 to 
cover installation. 

25% 
- - - - - - - - - - - - - - - - 

Additional cost to the utility for 
administration and marketing. 

NM-2 

Education and Training 
Programs 

RSF; Outdoor  
 

10% irrigation Indefinite 
- - - - - - - - - - - - 

This program will be run 
every year for the entire 
length of the analysis. 

Permanent 
- - - - - - - - - - - - 

Assumes owner 
will not replace 
efficient irrigation 
equipment with 
inefficient 
equipment (MWM 
2005a). 

$950 
- - - - - - - - - - - - - - - - - 

Average cost per class is $920, 50 
people per class (assumes a ratio of 
1 class at $1400 each for 
professionals to every 3 classes at 
$800 each for homeowners). 

$300 
- - - - - - - - - - - - - - - - - 

Average per-account cost; includes 
cost of new plants/landscaping 
systems and irrigation equipment. 

50% 
- - - - - - - - - - - - - - - - - 

Includes cost of new 
plants/landscaping systems and 
irrigation equipment. 
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Table A-1. Conservation Measure Variables 

 Measure 

Target Water 
User Group; End 

Use Market Penetration Goal10 

Measure Water Savings  
(as a percent of total water usage [per end use] on 

each account to which the measure is applied) 

Measure Design 
Length  
(years) 

Measure Life 
(years) 

Utility Unit Cost 
(for contractor) Retail Customer Unit Cost 

Utility Administration and 
Marketing Cost 

(percentage per participant) 

NM-5 

Washer Rebates for High-
efficiency Machines 

RSF, RMF; Indoor 
- - - - - - - - - - - 

Only applies to 
those account 
categories that 
have a fixture 
model applied to 
them for washers 

27 percent of accounts affected by 
the end of the program in the year 
2019. 

Varies 
- - - - - - - - - - - - - - - - - - - - 

Reduction percentage depends on gallons per load of 
existing washers. Old machines can use as much as 45 
gallons per load. New High-efficiency machines assumed 
to use an average of 18 gallons per load. 

9 
- - - - - - - - - - - - - - - - - 

Assumes rebate no 
longer needed after 
2018 as most washers 
sold will be HEWs. 
 

Permanent 
- - - - - - - - - - - - - 

Assumes that 
owner will not 
replace retrofitted 
efficient 
equipment with 
inefficient 
equipment (MWM 
2005a). 

$200 
- - - - - - - - - - - - - - - - - 

Rebate amount, may be matched by 
PG&E. 

$200 
- - - - - - - - - - - - - - - - - 

Added cost per washer for a HEW. 
This is the cost to pay for the 
difference between a HEW and a 
conventional washer. 

20% 
- - - - - - - - - - - - - - - - - 

Added cost per washer for a HEW. 
This is the cost to pay for the 
difference between a HEW and a 
conventional washer. 

NM-6 

New Building Indoor Water 
Efficiency 

RSF, RMF, COM, 
IND, INS, MUN, 
BUS; Indoor 

75 percent of new accounts Varies 
- - - - - - - - - - - - - - - - - - - - 

High-efficiency toilet: 20.0 percent 
Efficient clothes washer: 50.9 percent 
Efficient dishwasher: 33.0 percent 
High-efficiency faucets: 15.0 percent 
High-efficiency showers: 15.0 percent 
Efficient hot water system-faucets: 10.65 percent 
Efficient hot water system-showers: 3.55 percent 
RMF submeter: 15.0 percent 

22 Permanent $25 for RSF accounts 
$100 for RMF accounts 
$100 for non-residential accounts 

Varies 
- - - - - - - - - - - - - - - - - 

High-efficiency toilet: $150 
Efficient clothes washer: $400 
Efficient dishwasher: $400 
High-efficiency faucets: $50 
High-efficiency showers: $50 
Efficient hot water system-faucets: 
$700 
Efficient hot water system-
showers:--  
RMF submeter: $3,000 

5% 

NM-7 

New Building Landscape 
Water Efficiency 

RSF, RMF, COM, 
IND, INS, MUN, 
BUS, IRR; 
Outdoor 

65 percent of new accounts 10 percent for low water use landscaping 
15 percent for high-efficiency irrigation system with Smart 
Controller 

22 Permanent $25 for RSF, RMF, and non-
residential accounts 

$5,000 for low water use 
landscaping 
$500 for high-efficiency irrigation 
system with Smart Controller 

5% 

Notes: 
RSF: Residential Single-Family 
RMF: Residential Multi-Family 
CII: Industrial/Commercial/Institutional  
PUB: Public  
COM: Commercial 
BUS: Business 
MUN: Municipal 
INS: Institutional 
1 California Urban Water Conservation Council (CUWCC) BMP Cost and Savings Study, October 2004 version 
2 California Urban Water Agencies (CUWA) Urban Water Conservation Potential, August 2001. 
3 American Water Works Association, Residential End Uses of Water Study (REUS), 1999 
4CUWCC BMP 5 Handbook, April 1999 
5 BMP Reporting Database water Savings Calculations, Memo from David Mitchell to CUWCC R&E Committee, April 2003 
6 CUWCC MOU, December 2002 
7 CUWCC CII ULFT Savings Study, 1997. 
8 CUWCC Potential Best Management Practices, Year 1 Report, June, 2004. 
9 Nelson, J.O. Residential End Uses of Water and Demand Management Opportunities, Proceedings of the International Symposium on Efficient Water Use in Urban Areas: Innovative Ways of Finding Water for Cities, Kobe, Japan, 1999 
10 Under Market Penetration Goal, the number of target water user group accounts was derived based on billing data and census data and was projected using the DSS model (SFPUC Wholesale Customer Water Demand Projections Technical Report (URS 2004) 

 



 

 

THIS PAGE INTENTIONALLY LEFT BLANK. 

 



References Water Conservation Implementation Plan Final Report 
 

REF-1 

P:\136000\136285 - BAWSCA WUE-Recycling Implementation Plan\Task 11 - Final Report\WCIP FINAL Report.doc 

REFERENCES 
Association of Bay Area Governments, Projections, 2007. 

Maddaus Water Management. DSS SFPUC Wholesale Customer Model, 2004 and 2006. 

Maddaus Water Management. BAWSCA Regional Water Conservation Analysis, 2005. 

San Francisco Public Utilities Commission (SFPUC). Water System Improvement Program, 2006. 

URS Corporation and San Francisco Public Utilities Commission (SFPUC), Investigation of Regional Water Supply Option Number 4, Technical 
Memorandum, 2006. 

URS Corporation and Maddaus Water Management, SFPUC Wholesale Customer Water Demand Projections, 2004. 

URS Corporation and Maddaus Water Management, SFPUC Wholesale Customer Water Conservation Potential, 2004. 

Water Sense, DRAFT New Home Guidelines, May 9, 2009.



 

 

THIS PAGE INTENTIONALLY LEFT BLANK. 

 



WSMP 2040
WATER SUPPLY MANAGEMENT PROGRAM 2040 PLAN

FINAL APRIL 2012
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CHAPTER 2
THE PLAN

Final April 2012

2. The Plan

2.1 WSMP 2040 Planning Objectives

EBMUD is updating its 1993 Water Supply Management Program 
(WSMP), which identifi ed projects that could be implemented to 
meet projected water demands through 2020. The WSMP 2040 
estimates water supply needs to the year 2040, and proposes a 
program of policy and project initiatives to meet those needs.  

EBMUD’s water supplies are estimated to be suffi cient during the 
planning period (2010-2040) in normal and wet years. The primary 
purpose of WSMP 2040 is to identify and recommend solutions 
to meet dry-year water needs through the year 2040. Increased 
water demand through 2040 by the other water agencies that rely 
on the Mokelumne Basin for their supply, expected growth within 
EBMUD’s own service area, and the potential impact(s) climate 
change could have on river fl ow and customer demand means that 
EBMUD cannot completely rely upon stored water in its reservoirs 
under drought conditions in the future. Thus, the WSMP 2040 was 
developed to counteract future dry-year water supply shortages 
that are likely to occur more frequently. 

The planning objectives of the WSMP 2040, as developed by 
the EBMUD Board of Directors, address the Program’s ability 
to provide fl exibility and reliability, minimize environmental and 
socioeconomic effects, and minimize overall costs to EBMUD 
customers. These objectives provide the basis for the policies and 
facility development/improvement projects included in the WSMP 
2040. The WSMP 2040 planning objectives are organized under 
four categories. (See Table 2-1).

Operations, Engineering, Legal and Institutional address water 
supply reliability, utilization of the District’s current water right 
entitlements, and the development of regional solutions. 

The planning objectives of the 
WSMP 2040, as developed by the 
EBMUD Board of Directors, address 
the Program’s ability to provide 
fl exibility and reliability, minimize 
environmental and socioeconomic 
effects, and minimize overall costs 
to the customers.

Table 2-1  WSMP 2040 
Planning Objectives

Operations, Engineering,
Legal & Institutional

Provide water supply 
reliability.

Utilize current water right 
entitlements.

Promote District involvement 
in regional solutions.

Economic

Minimize cost to District 
customers.

Minimize drought impact to 
District customers.

Maximize positive impact 
to local economy.

Public Health, Safety & 
Community

Ensure the high quality of 
the District’s water supply.

Minimize adverse socio-
cultural impacts  (including 
environmental justice).

Minimize risks to public 
health and safety.

Maximize security of infra-
structure and water supply.

Environmental

Preserve and protect the 
environment for future 
generations.

Preserve and protect 
biological resources.

Minimize carbon footprint.

Promote recreational 
opportunities.

WSMP 2040  2-1
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The Economic objectives address both the cost 
of water supply and water cutbacks as borne by 
District customers, and maximizing the positive 
impact of water supply portfolios on the local 
economy (through jobs). 

The Public Health, Safety, and Community 
objectives address the need to ensure that 
the District’s high quality water is maintained, 
that adverse sociocultural impacts and risks to 
public health and safety are minimized and that 
the security of the District’s water supply and 
infrastructure is maximized. 

The Environmental objectives address the 
District’s interest in sustainable solutions that 
preserve and protect the environment for future 
generations, protection of biological resources, 
minimizing carbon footprint and contributions to 
global climate change, and the continuation and 
promotion of recreational opportunities. 

2.2 The Process

The development of the WSMP 2040 Portfolio 
and Primary water supply portfolios required 
detailed evaluation of a wide range of potential 
dry-year water supply solutions. The develop-
ment of water supply portfolios was a robust 
and detailed evaluation of a wide range of 
potential water supply solutions. The building 
blocks of the proposed WSMP 2040 portfolios 
are “components” consisting of various rationing 
policies, conservation levels (and conservation 
elements/programs that reside in the particular 
levels), recycled water program levels (and proj-
ect components that reside in particular levels), 
and a range of supplemental supply options. 
The individual components are described in 
detail in Section 6.1 as well as Appendix B. 

When components are combined into a set of 
interrelated actions, the set of actions is referred 
to as a “portfolio.” A thematic approach was 
used to develop the portfolios to emphasize one 

or more of the planning objectives (see Table 
2-1) and respond positively to meeting the 
screening criteria. Preliminary portfolios were 
presented to the EBMUD Board of Directors as 
well as the Community Liaison Committee and 
refi nements were made resulting in a total of 14 
preliminary portfolios. 

The 14 portfolios were tested using a water 
supply model to:

 Ascertain operational feasibility and the 
volume of water delivered during the 
worst-case drought;

 Determine the frequency and severity of 
required rationing, and the potential cost 
of such rationing to customers in the 
EBMUD service area; and

 Calculate the capital, operating and 
maintenance costs to the District. 

An exclusion criteria evaluation provided the 
“fatal fl aw” analysis; either a portfolio does or 
does not meet the criterion. 

Any portfolio that did not meet any one 
exclusion criteria failed to meet the planning 
objectives and was held from further study. 

The Community Liaison Committee, which is made up 
of 19 community representatives, met eight times during 
the two-year planning period to provide feedback on the 
process. All meetings were open to the public.
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Table 2-2   Exclusion and Evaluation Criteria

Operations, Engineering, Legal & 
Institutional Criteria
1. Provide Water Supply Reliability

Exclusion Criteria
• Must be technically feasible using proven technology. 
• Must meet projected water demands through 2040.  
• Must meet demand during the District’s Drought Planning Sequence.  
• Must not be located in areas of unmitigable geologic, hydrologic or toxic/

hazardous materials hazards.  
Evaluation Criteria

• Minimize the vulnerability & risk of disruptions. 
• Minimize disruptions in water service during construction.  
• Maximize the system’s operational fl exibility to respond to change.
• Maximize implementation fl exibility to respond to change.
• Minimize the institutional & legal complexities & barriers.

2. Utilize current water right entitlements

Exclusion Criteria
• Must meet all existing & anticipated water rights permit & license condi-

tions, all dam & reservoir operating permit conditions, including releases 
for instream & downstream users.  
Evaluation Criteria

• Optimize use of existing water right entitlements.  
3. Promote District involvement in regional solutions

Evaluation Criteria
• Maximize partnerships & regional solutions.

Economic Planning Criteria

1. Minimize cost to District customers

Evaluation Criteria
• Maximize use of lowest cost water supply options.
• Minimize the fi nancial cost to the District of meeting customer demands 

for given level of system reliability.
2. Minimize drought impact to customers

Exclusion Criteria
• Must not result in average annual customer shortages exceeding 25% of 

demand for District design drought. 
Evaluation Criteria

• Minimize customer water shortage costs & District supply augmentation costs.
3. Maximize positive impact to local economy

Evaluation Criteria
• Maximize local water supply options.

Public Health, Safety, & Community Criteria
1. Ensure the high quality of the District’s water supply

Exclusion Criteria
• Must ensure that the District’s potable water will be able to meet existing 

& future state & federal primary & secondary drinking water quality 
standards.  

• Must ensure that the District’s non-potable water will be of suitable 
quality for District use.  
Evaluation Criteria

• Minimize potential adverse impacts to the public health of District 
customers.

• Maximize use of water from the best available source.  
2. Minimize adverse sociocultural impacts
3. Minimize risks to public health & safety

Evaluation Criteria
• Minimize disproportionate public health or economic impact to minority 

or low-income populations (environmental justice).  
• Minimize adverse impacts to cultural resources, including important 

archaeological, historical, & other cultural sites.  
• Minimize short-term community impacts.  
• Minimize long-term adverse community impacts (e.g., aesthetics, noise, 

air quality). 
• Minimize adverse social effects (e.g., impacts to community character, 

social cohesion, community features). 
• Minimize confl icts with existing & planned facilities, utilities & transporta-

tion facilities.  
4. Maximize security of infrastructure & water supply

Evaluation Criteria
• Minimize the risk of death or injury from the failure of a program 

component in an earthquake or fl ood or from other causes. 
• Maximize the protection of supply sources & associated infrastructure.  

Environmental Criteria
1. Preserve & protect the environment for future generations

Evaluation Criteria
• Minimize adverse impacts on the environment (including land, air, water, 

minerals, fl ora, fauna, noise, & aesthetics).
• Minimize construction & operation effects on environmentally sensitive 

resources.
• Maximize long-term sustainability by applying best management & 

sustainability principles.
2. Preserve & protect biological resources

Exclusion Criteria
• Must not cause a net loss of wetlands & riparian habitat. 

Evaluation Criteria
• Maintain populations or known habitat of state or federally listed plant or wildlife 

species at or above sustaining levels. 
• Minimize the reduction of riverine habitat of state or federally listed fi sh species 

& must not cause a net loss of spawning or rearing habitat of native anadromous 
fi sh species. 

• Minimize impacts to wetlands, their values, & other jurisdictional waters of the 
United States.

• Minimize habitat loss for sensitive & native plant & wildlife species, pristine 
areas & special habitat features.

• Minimize adverse affects to native fi sh & other native aquatic organisms.
• Maximize benefi ts to fi sh, including natural production of anadromous fi sh.
• Maximize the likelihood of meeting federal & state ambient water quality 

standards to protect natural resources.
• Minimize alterations to water fl ow in waterways & reservoirs/lakes that would 

have an adverse impact on biological resources.
3. Minimize carbon footprint

Evaluation Criteria
• Minimize short term & long term greenhouse gas emissions from construction 

(e.g., raw material & waste transportation, construction equipment use, site 
deforestation, carbon emissions from cement production).

• Maximize energy effi ciency associated with operations & maintenance. 
• Maximize CO2-effi cient & renewable energy use. 
• Maximize contributions to AB 32 goals.

4. Promote recreational opportunities

Evaluation Criteria
• Minimize adverse impacts to recreation resources, designated parklands, 

designated wilderness areas, or lands permanently dedicated to open space, 
particularly rare opportunities & ADA access that are not found in other parts of 
the region. 

• Provide recreational benefi ts.  
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Two exclusion “Need for Water” screening criteria, Meet pro-
jected water demands through 2040, and Meet demand during 
the District’s Drought Planning Sequence, were applied to the 
14 portfolios. Two of the portfolios – Portfolio #1 “Low Customer 
Impact” and Portfolio #2 “Flexibility to Respond to Future Extended 
Drought or Climate Change” -- failed to meet the Need for Water 
criteria due to timing constraints under which the components 
were able to come online, and thus failed to satisfy the project 
objectives. In addition, these two portfolios were not able to 
meet the capacity limitations as present in EBMUD’s Mokelumne 
Aqueducts and the District’s East Bay water treatment plants. 

The remaining twelve portfolios were then subject to more 
detailed evaluation criteria to compare and array each for their 
relative satisfaction of the criterion related to the WSMP 2040 
planning objectives. Following this evaluation, it was found that 
while distinct themes were established, several of the portfolios 
included primarily the same components. These portfolios were 
consolidated into at the time most promising portfolios and the 
water supply model and the evaluation criteria were re-applied to 
these newly-constructed portfolios. From this subgroup, fi ve port-
folios were shown to be of most promise. Each of these Primary 
Portfolios was designed to satisfy the Need for Water and has a 
cornerstone component that it is based around. These fi ve Primary 
Portfolios were identifi ed as A, B, C, D and E and carried forward 
for additional analysis. 

Components

Evaluation 
with Criteria and 

Water Supply Model

14 Preliminary Portfolios

5 Primary Portfolios &
Preferred Portfolio

Portfolio 
Building Process

Evaluation

EIR

Figure 2-1 

Evaluation 
Summary of 
14 Preliminary 
Portfolios 
shows which of 
the 14 Prelimi-
nary Portfolios 
were carried 
forward after 
the evaluation 
process. 

A larger 
image and 
more detail 
about each 
portfolio is 
provided in 
Chapter 6.
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The Primary Portfolios were also modeled in 
the water supply model and scored against 
the evaluation criteria. Through this process, 
the advantages and disadvantages of the fi ve 
Primary Portfolios were identifi ed. For example, 
Portfolio B scored high on reliability and 
maximizing partnerships, but low on minimizing 
institutional and legal complexities. Portfolio C 
performed well in terms of reliability, but low 
on public health, safety, and community, and 
environmental criteria. None of the Primary 
Portfolios was clearly ideal or optimum and all 
had advantages and disadvantages. Results 
from the screening and modeling of the fi ve 
Primary Portfolios indicated that each of the 
portfolios had strengths as well as weaknesses 
and assisted in development of the WSMP 
2040 Portfolio, as described in Section 2.3. On 
April 24, 2012, the EBMUD Board removed 
the Enlarge Pardee Reservoir component and 
added the 160 TAF Expand Los Vaqueros Res-
ervoir component to the WSMP 2040 Portfolio.

2.3 The Plan

The WSMP 2040 Portfolio is designed to be 
robust, fl exible, diverse, and to pursue projects 
on multiple, parallel tracks in order to respond 
fl exibly to an uncertain water future. This fl exibil-
ity is particularly important, given the mix of sup-
plemental supply and recycled water projects 
proposed in the WSMP 2040 (see Table 2-3). 
Such projects take considerable time to develop 
(plan, design, permit and construct). The broad 
mix of projects, the inherent scalability present 
in several of the elements, and the ability to 
adjust implementation schedules for a particular 
project or program included in WSMP 2040 help 
to minimize the risks associated with the uncer-
tainties and development time issues identifi ed 
above. 

 Robust: A robust plan in an uncertain 
future (e.g., global climate change). 

 Parallel Tracks: Pursue multiple, 
parallel project components. 

 Flexible: Diverse & fl exible strategy.

Figure 2-2 Summary of 5 Primary Portfolios shows the 5 Primary Portfolios and their components. A larger image 
and more detail about each portfolio is provided in Chapter 6.

Note: On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component and added the 160 TAF 
Expand Los Vaqueros Reservoir component to the WSMP 2040 Portfolio.
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2.3.1 Guidance on the WSMP 2040 Portfolio
from the Board

Table 2-3 summarizes the guidance received from EBMUD’s 
Board of Directors at the June 24, 2008 Board Workshop #9 
on the rationing level, conservation level and level of recycled 
water as well as specifi c supplemental supply components.

The EBMUD Board of Directors provided guidance on a 
maximum rationing level of 10% to allow the District fl exibility 
in an emergency or to respond to the many unknown factors in 
the future. Guidance was also provided on maximum levels of 
conservation (39 million gallons per day (MGD)) and recycled 
water (11 MGD) to maintain the District’s current aggressive 
policies for overall demand management. The combination of 
these rationing, conservation, and recycled water levels will 
satisfy the increased demand through 2040; however, supple-
mental supply components will also be needed to keep ration-
ing at a lower level and to meet the 
Need for Water in drought years.

Table 2-3 

Summary of Guidance on the 
WSMP 2040 Portfolio from the 

Board

A rationing level of 10% (amended to 
“up to 15%” on October 27, 2009).

Conservation Level D (39 MGD) and 
Recycled Water Level 3 (11 MGD). 

Several supplemental supply compo-
nents remain in consideration to meet 
the Need for Water (that is not met 
through rationing, conservation and 
recycling).  

Supplemental supply projects would 
be pursued on parallel tracks in the 
event that one or more projects is not 
able to produce the expected dry-year 
yield.  Projects include:

• Water Transfers (to meet the 
initial Need for Water);

• Bayside Groundwater Project 
Phase 2;

• Sacramento Basin Groundwater 
Banking / Exchange; 

• Regional Desalination; 

• Expand Los Vaqueros Reservoir 
(added on April 24, 2012); 

• Enlarge Lower Bear Reservoir; 
and

• San Joaquin Basin Groundwater 
Banking / Exchange.

* Enlarge Pardee Reservoir (removed 
on April 24, 2012)

Role of Conservation & Rationing 

Current Customer Conservation   22.5 MGD/yr

Current Recycling        9 MGD/yr

WSMP 2040 Future Planned 
Customer Conservation    39 MGD/yr

WSMP 2040 Dry-Year 
Customer Rationing    Up to 15%

WSMP 2040 Future Planned
Recycled Water     11MGD/yr

Total Customer Cutback 
In Usage Under 2040 Plan   

33 %
of Gross 2040 

Demand

The WSMP 2040 Portfolio approaches EBMUD’s 2040 water 
supply reliability needs with a fl exible program that:

• Meets projected growth in customer demand through 
aggressive water conservation and recycled water 
development; and

• Lowers customer rationing burdens during an extended 
drought signifi cantly from the District’s WSMP 2040 
objectives through development of new supplemental water 
supply initiatives.
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On October 13, 2009, the EBMUD Board of 
Directors passed a resolution adopting the 
WSMP 2040 Plan. On October 27, 2009, the 
Board of Directors amended the WSMP 2040 
Plan by authorizing a slightly modifi ed ration-
ing approach. As amended, instead of a target 
rationing level of 10% during the Drought Plan-
ning Sequence, the Board selected “Rationing 
of up to 15%.” That adjustment has been 
refl ected in pages of this WSMP Plan where 
applicable.

The supplemental supply components included 
in Table 2-4 have subsequently been revised 
to include the 160 TAF Expand Los Vaqueros 
Reservoir component and remove the Enlarge 
Pardee Reservoir component from the WSMP 
2040 Portfolio.

Table 2-4: WSMP 2040 Portfolio Components

Component Comments

Up to 15% Rationing Impose as needed throughout the planning period1

Conservation Level D (39 MGD) Pursue throughout the planning period beginning in 2010

Recycled Water Level 3 (11 MGD) Pursue throughout the planning period

Northern California 
Water Transfers 

Pursue beginning in 2010 and use as needed to meet the Need for 
Water as other supplemental supply projects are being developed

Bayside Groundwater 
Project Phase 2

Pursue beginning in 2015

Sacramento Basin Groundwater 
Banking / Exchange

Pursue beginning in 2025

Regional Desalination

Pursue throughout the planning period and use as needed to meet 
Need for Water as other supplemental supply projects are being 
developed

Expand Los Vaqueros Reservoir

Enlarge Lower Bear Reservoir

San Joaquin Basin Groundwater Bank-
ing / Exchange 

1 The WSMP 2040 Portfolio establishes a drought rationing policy.

2.3.2 WSMP 2040 Portfolio Components

Based on the Board’s guidance, the WSMP 
2040 Portfolio proposes rationing of up to 15% 
as the policy to be enacted (as part of the 
designated Drought Planning Sequence) and 
assumes that EBMUD will successfully carry out 
a number of the water conservation, recycled 
water, and supplemental supply initiatives (that 
are also part of the WSMP 2040 Portfolio) within 
the WSMP 2040 planning horizon. 

The WSMP 2040 Portfolio will include the 
following rationing, conservation, and recycled 
water levels and may contain the supplemental 
supply components listed in Table 2-4 and 
displayed in Figure 2-3.
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As a practical matter, EBMUD may be unable 
to reduce rationing to the WSMP 2040 Portfolio 
level until it develops additional dry-year supple-
mental water supplies. As new supplemental 
supplies are secured, EBMUD will be able to 
gradually reduce the amount of rationing it 
imposes upon its customers. To the extent that 
uncertainties impede attainment of supple-
mental supplies, higher rationing restrictions 
may be imposed in a specifi c drought event. 
The benefi t of targeting up to 15% rationing in 
WSMP 2040 is that it preserves the fl exibility 
to increase rationing to higher levels as one of 
several responses to dry year conditions that 
may occur before supplemental supplies are 
made adequate.

If uncertainties such as the adverse effects 
of global climate change and decreased 

Figure 2-3 Revised WSMP 2040 Portfolio Components                                                                                                                

availability of water in the Mokelumne and 
Sacramento River systems impede attainment 
of these supplies, higher rationing restrictions 
may be imposed in a specifi c drought event. 
The amount of water needed by 2040 to meet 
projected demands based on a rationing level of 
10%, 15%, 20%, and 25% that were considered 
in the WSMP 2040 planning process, is shown 
in Chapter 4.

2.3.3 Implementation of the WSMP 2040 
Portfolio 

EBMUD’s approach to carrying out the WSMP 
2040 Portfolio is to develop the supplemental 
water supply components that are most feasible 
and environmentally responsible according to 
the circumstances that arise during the 2010-
2040 planning period. 
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As noted previously, many of these circum-
stances—funding availability, political will 
and success, legal and institutional hurdles, 
and resolution of technical issues—cannot be 
predicted with certainty. The success of one 
project could result in delaying the need for an 
additional supplemental supply project over the 
course of the planning period. Conversely, were 
a project to encounter a development hurdle 
that prevents its advancement, an alternative 
would need to be found. The District’s supple-
mental water project planning response must 
remain fl exible in order to respond to these 
unknown future implementation challenges. 

The WSMP 2040 Portfolio strategy is not to 
focus on one scenario, but rather to be open 
and fl exible to pursue different components 
based on which are the most feasible for 
implementation. An example implementation 
scenario was developed to provide a meaning-
ful comparison with the Primary Portfolios and 
to illustrate how the WSMP 2040 Portfolio could 
be accomplished. Figure 2-4, which was pre-
sented in the 2009 WSMP 2040, summarizes 
one example scenario and the order in which 
components could be pursued throughout the 
planning period.1 Figure 2-5 summarizes a 
revised example scenario that was developed 
following the legal challenge of the WSMP 2040 
PEIR.

In this revised example scenario, EBMUD would 
secure short-term Northern California Water 
Transfers early in the planning period to allow 
adequate time for conservation, recycled water, 
and other supplemental supply components to 
be developed. The example scenario assumes 
that the 160 TAF Expand Los Vaqueros Reser-
voir component would be completed by 2020, 
the Bayside Groundwater Project Phase 2 
component would be completed by 2030, and 

the Sacramento Basin Groundwater Banking / 
Exchange and Regional Desalination compo-
nents would be completed by 2040 as needed 
depending on the yields achieved, partnership 
opportunities, funding, and refi nements in the 
Need for Water. 

Alternately, an implementation scenario could 
also be described where Regional Desalination 
gains traction and is able to be implemented 
by 2020, thereby pushing out the need for 
implementation of other supplemental supply 
components into the future. Likewise, if any other 
component gains traction, it could be accelerated 
while other components would be delayed.

Aggressive pursuit of recycled water projects 
and conservation will serve to offset the need 
for supplemental supply projects; however, 
additional projects will still be required to achieve 
85% or greater water supply reliability (with up to 
15% rationing). High levels of conservation and 
recycled water will take pressure off of the Moke-
lumne River, providing continued opportunity 
to provide downstream releases and preserve 
and enhance aquatic habitat and recreation 
opportunities on the Mokelumne River. This 
fl exible strategy for water management planning 
will allow the District to adapt to unknown future 
conditions including global climate change, 
pursue the components that are gaining the most 
traction, and respond to emergency conditions.

2.3.4 Modeling of the WSMP 2040      
Portfolio

A water supply model was developed as a tool 
to assess the performance of EBMUD’s water 
system under different hydrologic conditions 
and future supply and demand scenarios. This 
model was used to evaluate the performance of 
the portfolios in meeting the Need for Water and 
to estimate the cost of each portfolio.

1 The example scenario from the 2009 WSMP 2040 is presented 
in this revised WSMP. Some of the modeling conducted and 
referenced in this document applies to that previous scenario.
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EBMUD’s existing EBMUDSIM model, cur-
rently used to simulate water delivery from the 
Mokelumne River to the District service area, 
was combined with the Water Evaluation and 
Planning (WEAP) System Model (see Figure 
2-6). This combined WEAP-EBMUDSIM (W-E) 
model enabled simulation of the District’s water 
system, assessment of the operational impacts 
of each portfolio on the District’s water supply 
system, and the cost of each portfolio.

It should be noted that multiple alternative 
portfolios with various demand management 
and water supply options were evaluated before 
selecting the WSMP 2040 Portfolio. These alter-
native portfolios emphasized specifi c themes 
such as groundwater storage, future fl exibility, 
regional partnerships, emergency reliability, and 
low carbon footprint. These alternative portfolios 
are further described in Chapter 6.

The model was also used to determine the Dis-
trict’s need for water and to conduct a climate 

change sensitivity analysis where variations 
in water demand, drought frequency, and the 
volume and timing of runoff from the Moke-
lumne River were modeled. 

The Need for Water in 2040 was estimated 
using fi ve different rationing levels: no rationing 
and system-wide rationing of 10%, 15%, 20% 
and 25%. At 10% rationing, mandatory rationing 
would occur in approximately 1.5 years over the 
thirty year planning period of 2010 – 2040, and 
voluntary rationing would occur in 2.6 years. 
With a 15% rationing goal, mandatory ration-
ing would occur in 2 years over the planning 
period, and voluntary rationing would occur in 
2.8 years. With a 20% rationing goal, mandatory 
rationing would occur in 2.7 years, and volun-
tary rationing would occur in 2.5 years over the 
planning period. Further detail on this analysis 
is provided in Appendix D.

The model assumed that water transfers would 
be used to meet the Need for Water and would 

Figure 2-6 WEAP-EBMUDSIM (W-E) Conceptual Model Areas
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Previous WSMP Efforts

Updated WSMP 2020 (1993)

EBMUD adopted an Updated WSMP 2020 (referred to as the 1993 WSMP) to 
allow the District to meet the water supply reliability needs of EBMUD customers, 
to improve the Mokelumne River fi shery resources by implementing the Lower 
Mokelumne River Management Plan (LMRMP),1 and to meet shortages during 
droughts. 

The Updated WSMP addressed an extensive range of alternatives to help meet 
EBMUD’s 2020 water needs.  Six Primary Composite Programs were com-
paratively analyzed in an EIR/EIS and the most promising Primary Composite 
Programs were found to be three Composite Programs which all included Con-
servation (18 MGD), Reclamation (8 MGD), Aqueduct Security2, and the LMRMP 
in common. 

The differences were: 

• Composite Program II included Groundwater Storage/Conjunctive Use; 

• Composite Program IV included Groundwater Storage/Conjunctive Use and the Folsom South Canal 
Connection; and 

• Composite Program V included a Raise Pardee composite.

On September 15, 1992, the EBMUD Board of Directors agreed to pursue two alternatives that include 
groundwater storage/conjunctive use: Composite Program II or Composite Program IV. The Proposed Action 
included the possible adjunct of American River water delivered through the implementation of a Folsom 
South Canal Connection, now known as the Freeport Regional Water Project (FRWP). 

The original program was expanded in 1996 to pursue enlarging Pardee, the Folsom South Canal Connec-
tion, and a Sacramento joint project in addition to groundwater storage.

EBMUD is on schedule to achieve the 1993 WSMP water supply goals for 2020. The District completed the 
aqueduct security improvements, implemented the LMRMP, is carrying out conservation and recycled water 
development, and has undertaken the FRWP in partnership with the Sacramento County Water Agency 
(expected to be completed in 2010). 

WSMP 2040 builds upon the foundation of programs and activities created in the 1993 WSMP, to meet water 
supply needs for the next 20 year planning horizon. 

1 The Lower Mokelumne River Management Plan specifi es fl ow regimes, reservoir operations, and hatchery operations that   
would enhance benefi ts to fi shery resources in the Mokelumne River while maximizing fl exibility in managing a variable water   
supply, uncertain future demands and uncertain linkages between fi sh populations and fi shery management activities.

2 Aqueduct Security: An approximate 10-mile section of the Mokelumne Aqueducts through the Sacramento-San Joaquin Delta was 
secured against prolonged outages resulting from earthquake-induced failures. 
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Figure 2-7 The Revised WSMP 2040 Portfolio Meets the Need for Water over the Planning Period. Note that the 
Board amended rationing to up to 15% for the Plan. The 2009 PEIR Preferred Portfolio called for 10% rationing. 
Key: C = Conservation RW = Recycled Water T = Transfer  ELV = Expand Los Vaqueros Reservoir                          
SacGW = Sacramento Basin Groundwater BGW2 = Bayside Groundwater Project Phase 2  Desal = Regional Desalination
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be decreased as other supplemental supply 
projects, recycled water projects, and conserva-
tion come online. In addition, the model also 
assumed that if later projects were not neces-
sary to meet the Need for Water, they would not 
be brought online. For example, if a combina-
tion of rationing, recycled water, conservation, 
the Bayside Groundwater Project Phase 2, and 
Regional Desalination met the Need for Water, 
then the other supplemental supply components 
would not be brought online.

The WSMP 2040 Portfolio would meet the 
Need for Water in all years, with necessary 
components coming online in a stepwise fash-
ion, similar to that as described in the example 
implementation scenario in Section 2.3.3. 

Figures 2-4 and 2-5 depict the year that each 
component would start operating; however, the 
fi rst year that each project would actually deliver 
water to EBMUD may occur later for some com-
ponents. For example, groundwater banking and 
exchange projects located in certain basins may 
require several wet years to fi ll before they can 
be used as a water supply source. In addition, 
each component is shown as being used to its 
maximum capacity in all years. However, com-
ponents would be only be used as needed given 
the hydrology of any given year and situation. 

The supplemental supply components included 
in the revised WSMP 2040 Portfolio example 
scenario are small to moderately sized, so 
excess supply is generally not brought online 
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before it is needed to meet the Need for 
Water (see Figure 2-7). There are very limited 
sequences during the planning period where a 
component delivers water before it is needed to 
meet the Need for Water. Water transfers or use 
of groundwater banking and exchange compo-
nents can also be ramped down as needed so 
that the Need for Water is not exceeded by the 
supply in any given year. 

The WSMP 2040 Portfolio also maximizes 
operational fl exibility of the EBMUD water 
supply system, as it provides a variety of both 
East Bay (Bayside Groundwater Project Phase 
2, Regional Desalination, and Expand Los 
Vaqueros Reservoir) as well as Upcountry 
projects. Providing additional dry year storage 
on the west side of the Delta at Bayside or Los 
Vaqueros would contribute to the District’s abil-
ity to meet the 6-month local storage criterion. 
The WSMP 2040 Portfolio would also provide 
several opportunities for EBMUD to partner with 
other local and Upcountry water districts. See 
Appendix D, Technical Memorandum (TM) 6 
Water Supply and Economic Modeling Report, 
for plots that graphically summarize average 
annual water operating scenarios for each year 
in the planning period (2010 to 2040) for the 
WSMP 2040 Portfolio. TM-6 and Chapter 6 
provide a detailed description of the modeling 
that was conducted for the portfolios.

2.3.5 Simulated Drought Frequency under 
the WSMP 2040 Portfolio

Based on the modeling of one possible sce-
nario, which assumed that the Board selects to 
ration at 10% as the target, the percent of years 
during which supplemental supply components 
would be required are shown in Figure 2-8. As 
the Board has selected 15% rationing, the likeli-
hood could be slightly lower.

Assuming 10% rationing, from the year 2010 to 
2040, supplemental supply would be required 
in 30-39% of years to meet the Need for Water. 

Conservation Level D (39 MGD) and Recycled 
Water Level 3 (11 MGD) contribute to minimiz-
ing the number of years that supplemental 
supply would be needed; however, supplemen-
tal supplies would still be required to meet the 
Need for Water through the WSMP 2040 plan-
ning period.

2.3.6 Cost Evaluation Results

The economic analysis conducted as part of the 
WSMP 2040 assessed the potential costs of 
each portfolio for the 2010 to 2040 period over a 
range of historic water conditions. These results 
were then used to describe a minimum, maxi-
mum and mid-range net cost for each portfolio 
under review. (See Appendix D TM-6, Chapters 
5,6,7,8 and 9 for more information.)

Figure 2-9 provides a summary of these results. 
The costs, on the y-axis, are the total cost for 
each portfolio, the sum of direct incremental util-
ity costs (e.g., investment in new infrastructure 
and programs), customer shortage costs, and 
customer conservation costs. Each modeled 
portfolio is shown along the x-axis, with data on 

Figure 2-8 Proportion of Years Requiring a 
Supplemental Supply

Note: Data presented was developed for a 10% 
rationing case. Prior analyses suggest that were a 15% 
rationing case modeling run have been performed, 
results would be very similar to those graphed for the 
10% scenario.
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Figure 2-9 Total Customer and Utility Cost Ranges for WSMP Portfolios: Net Present Value (NPV) 2010-2040

Note: Although the 2009 WSMP 2040 Portfolio costs are represented here, the inclusion of participation in an Expand Los 
Vaqueros Reservoir component, the removal of participation in an Enlarge Pardee Reservoir component, and the participa-
tion in a smaller (5 mgd) Regional Desalination component is not anticipated to have a marked impact on the range of NPV 
as graphed for the various portfolio alternative options.  Given that opinion, economic analysis were not updated as part of 
the revisions to the 2009 WSMP 2040. 
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the median total cost, the minimum and maxi-
mum total cost and the rationing level. 

Portfolios A, B, and E, were each modeled 
at 10, 15, and 20% rationing to compare the 
customer shortage and total cost of each port-
folio at these different rationing levels. Portfolio 
D was modeled at two different thresholds 
for implementing rationing to account for an 
increase in Pardee Reservoir storage.

Varying the rationing targets was found to 
have two effects. First, increased rationing was 
found to lead to higher shortage costs. Second, 
an offsetting effect occurred where the utility 

Shortage costs
Shortage costs are losses when EBMUD 
customers reduce water use in response to 
rationing policies. For residential, institutional, 
and irrigation customer classes, shortage 
costs are measured in terms of lost customer 
surplus. Lost customer surplus is an estimate 
of the willingness to pay for a resource, and 
is not equivalent to a direct fi nancial cost to 
the customer. For commercial and industrial 
customer classes, shortage costs are based on 
lost regional value added (e.g., lost labor income, 
profi ts, indirect business taxes, proprietor income 
and property income).
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costs, and thus rates, were lowered because 
of a reduction in the acquisition of water and a 
subsequent deferral in investment in projects 
and programs. 

The cost evaluation analysis also confi rmed 
that the cost of the Recycled Water Pro-
grams increases from approximately $400 
per acre-foot of water for Level 2 (5 MGD) to 
approximately $600 per acre-foot for Level 3 
(11 MGD) (these are the direct costs related 
to operation and maintenance of the recycled 
water projects). Though more costly, the Board 
unanimously supported Recycled Water Level 
3 for inclusion in the WSMP 2040 Portfolio 
as it would provide greater reduction in the 
District’s overall water need. It is also possible 
that grant funding and technological changes 
could reduce the overall cost of recycled water 
programs in the future.

For the Conservation programs, the potential 
water savings ranged from an additional 19 
MGD for Level A to a maximum of 41 MGD for 
Level E. 

Finally, as shown in Figure 2-9 and Table 2-5, 
the range of costs increases with higher ration-
ing targets. The 2009 WSMP 2040 Portfolio has 
a median cost of $1.12 billion as compared to 
the Primary Portfolios, and a more narrow range 
of costs, between $900 and $1,760 million. This 
narrow range of potential costs represents a 
lower risk of cost fl uctuation than the other port-
folios, and is thus another potential advantage 
of the WSMP 2040 Portfolio.
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6. Building Blocks of the Plan

The WSMP 2040 includes new rationing, conservation, and recy-
cled water targets, and supplemental supply components that will 
allow the District to meet the growing demands of EBMUD cus-
tomers to 2040 and minimize rationing in dry years. This section 
describes the WSMP 2040 planning process that led to the WSMP 
2040 Portfolio, including a description of the components, or 
individual projects, that were considered; how they were screened 
and which components were then carried forward; how the compo-
nents were assembled into water supply management portfolios; 
and how these portfolios were evaluated to arrive at the WSMP 
2040 Portfolio.

6.1 Components

The WSMP 2040 components are organized into four categories: 
rationing, conservation, recycled water, and supplemental supply. 
Proposed components would be located throughout the Upcoun-
try area (the region east of the service area to the Sierra Nevada 
mountains in the vicinity of the EBMUD system), the Central Valley 
area (in the vicinity of the FRWP and Sacramento River water-
shed), and East Bay area (both inside and outside the EBMUD 
service area). 

6.1.1 Rationing

EBMUD estimates its total system storage that will be 
available at the end of the water year (September 30) 

based on runoff for April of the current water year. If total system 
storage is projected to be less than 500,000 AF, a Drought 
Management Program (DMP) is prepared. EBMUD developed 
guidelines that call for increasing rationing levels as the projected 
total system storage decreases. By imposing varying levels of 

The WSMP 2040 is built with 
components organized into 
four categories: rationing, 
conservation, recycled water, 
and supplemental supply.

Components

Rationing

Conservation

Recycling

Water Transfers

Groundwater 
Banking / 
Exchange

Regional 
Desalination

Suface Water
Reservoirs

Supplemental Supply

b d
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rationing in the early years of potentially prolonged drought peri-
ods, the goal is to reduce the need for more severe rationing in 
subsequent years. In the past, water use reductions in drought 
periods have been achieved by effective public information pro-
grams combined with water rate increases. EBMUD customers 
have an excellent record of achieving water savings that are 
requested or targeted. For more detail on the existing rationing 
policy, see Section 3.4.1. 

Five levels of rationing were considered throughout the WSMP 
2040 planning process: no rationing (0%), and 10%, 15%, 20% 
and 25%. All fi ve of these levels were considered in the fi rst phase 
of portfolio analysis; however, the 0% rationing level was held from 
further consideration as it does not ask customers to make any 
cutbacks during drought years. 

25% rationing was removed from consideration because it was 
thought to place unfair burden on EBMUD customers to cut back 
water use so severely during drought years. For example, in the 
25% overall rationing scenario, irrigation customers would have to 
cut back water use by 50% and single-family residential custom-
ers would have to decrease their water use by 31% (see Figure 
3-4 in Section 3.4.1, Existing Rationing Policy). During the summer 
months of July and August, single-family residential customers 
would be asked to cut back water use by 50%; this high level of 
rationing was considered as unacceptable. The cost of rationing 
to the customer was also deemed to be unacceptably high (see 
Appendix E, Board Workshop #7 Meeting Materials as well as 
Appendix D TM-6). 

Thus, the three remaining levels of rationing, 10%, 15%, and 20%, 
were brought forward into the Portfolio analysis and were variously 
combined with conservation, recycled water and supplemental 
water supply components into a range of portfolios. In this capac-
ity they were further evaluated as described in Section 6.2. A full 
description of the rationing level evaluation can also be found in 
Appendix B, Section 1.1.1.

6.1.2 Conservation

For the conservation evaluation, combinations of different 
conservation measures were analyzed and combined into 

programs for achieving varying levels of conservation savings. 
The multiple-tiered measures analyzed ranged from moderate 
to extensive market saturation levels covering both retrofi ts and 
new development. The analysis included quantifi able measures 

EBMUD declared a 
severe water short-
age in May 2008. 

At that time, mandatory 
rationing measures were 
implemented. 

1. Water Supply 
Response: 
Mandatory conservation 
/ rationing in effect; 
Water savings patrol in 
place. Expanded leak 
repair implemented.

2. Drought surcharge 
applied. 

3. Public conservation 
outreach campaign; 
Updating / adopting 
drought ordinance. 

4. Local water emergency 
/ water supply shortage 
declared. 

EBMUD Rationing Measures

Natural and adapted drought 
tolerant landscaping
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corresponding to the California Urban Water Conservation Best 
Management Practices (CUWCC BMPs) and new development 
measures to make new residential and business customers more 
water effi cient, a process already started by EBMUD. 

Determining Conservation Measures & Programs

The conservation evaluation process consisted of seven steps, using 
the Least Cost Planning Water Demand Management Decision Sup-
port System (DSS model), proprietary software developed by Maddaus 
Water Management (MWM). These steps were:

1. Use the WSMP 2040 demand study results for water use 
projections (without the national plumbing code, net of existing 
conservation and existing and planned recycled water projects).

2. Identify possible water conservation measures and screen 
qualitatively (to identify those that are applicable to the service 
area). 

3. Estimate the affected customers (or number of accounts) for each 
conservation measure. This factor is called the market saturation 
or installation rate. 

4. Estimate water savings: total annual average, seasonal and peak 
day. 

5. Determine the initial and annual costs for measure implementation 
(based on pilot projects, local experience, and the costs of goods, 
services, and labor in the community). 

6. Compare the present value of cost of the measures to the costs of 
water saved over the planning period.

7. Compile conservation packages.

A more detailed description is contained in Appendix D TM-5 Conser-
vation Technical Memorandum and additional detail is provided in the 
Demand Study in Appendix C.

EBMUD customers can receive 
rebates for purchasing Water 
Smart high-effi ciency toilets 

(HET) - when replacing toilets 
with 3.9 gallons per fl ush

A “smart” water conservation 
garden in the East Bay

S
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t

Methodology for Compiling & Evaluating Future 
Conservation Measures

Approximately 100 conservation measures potentially appropri-
ate for the EBMUD service area were considered. Measures not 
well suited to the Alameda and Contra Costa County area were 
eliminated; the remaining measures were screened against four 
qualitative criteria: 

• Technology/Market Maturity; 

• Service Area Match; 

WSMP 2040  6-3Final April 2012

CHAPTER 6
BUILDING BLOCKS OF THE PLAN



• Customer Acceptance/Equity; and 

• Relative Effectiveness of Measure Available.

This screening process resulted in all but 53 of 
the conservation measures being set aside from 
further consideration. 

A summary of the measures is provided in 
Table 3 of the Conservation Memo (TM C-5 in 
Appendix D). 

Unit costs were determined for each of the 53 
measures based on industry knowledge, past 
experience and data provided by EBMUD. 
These include incentive costs; fi xed costs (such 
as marketing); variable costs (such as the costs 
to staff the measures and to obtain and main-
tain equipment); and a one-time set-up cost. 
The set-up cost is for measure design by staff 
or consultants, any required pilot testing, and 
preparation of materials that will be used in 
marketing the measure. Costs were estimated 
for each measure for each year of the imple-
mentation period. Lost revenue due to reduced 
water sales was not included as a cost because 
the conservation measures evaluated generally 
take effect over a span of time that is suffi cient 
to enable timely rate adjustments, if necessary, 
to meet fi xed cost obligations. 

To forecast the water savings of measures, data 
on water use, demographics, market saturation, 

High effi ciency clothes washers are part of EBMUD’s 
Rebate Program

and unit water savings were reviewed. Savings 
normally develop at a measured and prede-
termined pace, reaching full maturity after the 
target market saturation is achieved. This was 
assumed to occur three to ten years after the 
start of implementation. 

Unit costs and savings data were then input 
into the DSS model to determine net present 
value and cost of water saved. The cost analy-
sis was performed from various perspectives, 
including the utility and community (utility plus 
customer). 

Conservation Level/Program Formulation 
and Evaluation

Five conservation programs (Levels A through 
E) were created each providing increasing 
levels of water savings, with the fi fth level (E) 
being the maximum theoretical level of water 
savings (Table 6-1). Each program built on 
the prior program: Program A included the 
plumbing code only; Program B (equivalent 
to the District’s current program) contains 25 
conservation measures. Program C includes 
Program B measures plus 15 additional 
measures and uses the Automatic Metering 
System (AMS) to help identify (to the cus-
tomer and to EBMUD) leakage and excessive 
use. This enhances the ability of EBMUD to 
conduct effective water surveys of residential 
and business customers. Program D has all 
40 measures from Program C and adds a net 
of three measures. Program E includes four 
additional measures to Program D. 

The measures contained in each level are 
provided in Table 6 of the Conservation Memo 
(TM C-5 in Appendix D).

EBMUD will add to existing conservation 
measures by expanding conservation mea-
sures as part of its Water Conservation Master 
Plan. Program expansion may include mea-
sures such as water surveys, rebates for high 
effi ciency toilets and washers, and providing 
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incentives for irrigation upgrades. It is important 
to note that these programs are not intended to 
be rigid but to demonstrate the range of water 
savings that could be gained. 

Table 6-2 summarizes the water savings, and 
program costs of the alternate programs. The 
plumbing code is included as passive baseline 
savings in addition to the long-term conser-

Table 6-1: Conservation Program Description and Future Water Savings 2008-2040

Conservation 
Program/ 
Level

Description Total Year 2040 Water Savings*
(MGD)

A
No additional conservation mesaures beyond Plumbing 
Code

19

B Similar to Current EBMUD Program = 25 Measures 29

C Add 15 Measures to Current Program 37

D Add 3 Measures to Program C 39

E Add 4 Measures to Program D 41

  

Table 6-2: Economic Analysis of Alternative Programs A through E 2010 to 2040

2040 Water Savings (MGD) Average Cost of 
Water Saved ($/AF)

Incremental Cost of 
Water Saved ($/AF)

Conservation Program
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Program A (Plumbing Code) 19.4 19.4 0.0 0.0  NA  NA NA 

Program B + Plumbing Code 27.0 25.3 1.7 0.0 $ 143 $ 1,378 A to B: $ 143

Program C + Plumbing Code 35.3 29.6 2.7 3.0 $ 480 $ 1,971 B to C: $ 839

Program D + Plumbing Code 37.2 29.8 2.9 4.4 $ 634 $ 2,544 C to D: $ 2,338

Program E + Plumbing Code 38.6 29.9 4.3 4.4 $ 845 $ 3,470 D to E: $ 3,161

Notes: Excludes 2 MGD in projected water savings for programs B – E from existing program during 2008 and 2009 to not include costs 
incurred in the past. Indoor water savings include plumbing code (Program A). The portion of new water needed refers to the growth in 
demand without the plumbing code.

vation program in Programs B-E. Additional 
resources and customer contacts are required 
to reach higher levels of potential water sav-
ings. Most of the program water savings are 
indoors, as they include the plumbing code 
impacts. Real water loss savings are due to 
leakage reductions. Costs are expressed two 
ways, as total present value over the analysis 
period, and the cost of water saved. 
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Present value and the cost of water saved 
are calculated for the utility; for the customer; 
and the total community (customer plus utility) 
(Figure 6-1). 

Programs B, C, D, and E produce increas-
ing incremental water savings and costs. As 
measures are added to each program beyond 
program B, the returns on water savings as 
compared to increasing costs diminish.

EBMUD employees are on staff to help customers with 
water conservation measures
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Figure 6-1 Present Value of Utility Costs versus Cumulative (Total) Water Saved in 2040

East Bay conservation garden

All of the new potable water needed by 
EBMUD to accommodate planned growth 
in dry years could be met through 
demand reductions, including: aggres-
sive conservation, recycled water proj-
ects, and customer rationing. 
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6.1.3 Recycled Water

For recycled water, the WSMP 2040 
planning process focused on determin-

ing the potential quantity of recycled water 
production that would go beyond the District’s 
current commitments of 9.3 MGD through 2020. 
As with conservation, individual recycled water 
projects were assembled to determine distinct 
implementation levels. To achieve the recycled 
water goal of 11 MGD by 2040, the individual 
projects would ultimately be comprised of vari-
ous combinations of the projects.

The following information was used to develop 
alternatives for cost-effective expansion of 
recycled water use within the District’s service 
area over the 30 year planning period. 

• A summary of existing recycled water 
projects, including existing treatment and 
distribution facilities, recycled water customers 
and projects currently under construction.

• Previously identifi ed recycled water projects 
proposed for consideration in WSMP 
alternatives. Implementation of some of 
these projects is currently underway in the 
planning or design phases.

• Updated potential recycled water customer 
information within the proposed projects 
areas, including location, current potable 
water usage, and type of use.

Recycled water irrigation signage

Three areas of opportunity were reviewed: 

1. The potential market for urban reuse by 
assessing existing water accounts and future 
urban development, 

2. The potential for recycled water partnerships 
with Mokelumne River watershed and 
Sacramento area agencies1 was evaluated, 
and 

3. The potential for other recycled water uses, 
such as groundwater recharge with recycled 
water and environmental use of recycled 
water, were identifi ed.

Additionally, the potential recycled water demand 
associated with the District’s existing potable 
water customers was determined. Customers with 
potable water use greater than 1.5 acre-ft/year 
were identifi ed.2 The resulting potential recycled 
water demand associated with existing accounts 
is summarized in Table 6-3 and shown in Figure 
6-2. The potential users and recycled water proj-
ects are shown in Figure 6-3 and Table 6-4.

Other uses for recycled water were also 
explored, including groundwater recharge and 
environmental uses such as wetland augmen-
tation, both of which were determined to be 
infeasible at this point. Recharging a ground-
water aquifer with recycled water would not be 
in full compliance with District policy number 
7.10, and developing potential recycled water 
projects with the sole purpose of providing 
water for the environment does not help to 
achieve the purpose of the WSMP 2040. 

2 Users with potential recycled water demands less than 
1.5 acre-ft/yr were excluded because supply of recycled 
water to minor users is generally not cost-effective. 
However, minor users have the potential to receive 
recycled water service if located along pipeline alignment.

1 The concept is that the District would provide funding and 
technical expertise to implement recycled water projects 
in the Upcountry and Sacramento areas. In exchange, 
potable water offset by use of recycled water in these 
areas would be made available to the District. Additional 
detail about these potential partnerships is provided in 
Appendix D TM-4.
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Proposed recycled water projects to be evalu-
ated as part of the WSMP 2040 solutions 
component portfolio were generally categorized 
into those within the District’s service area, and 
those within the Mokelumne River (Upcountry) 
and Sacramento areas.

Table 6-3: Demand Potential Associated with Existing Accounts

Demand Type Potential Annual Recycled 
Water Demand (MGD)1

Potential Annual Recycled 
Water Demand (acre-ft/yr)1

Irrigation of Public or Common Areas 
(Includes Commercial and Industrial Sites)

19.5 22,000

Industrial Indoor 8.5 9,500

Commercial Indoor 2 2,000

Total 30 33,500
1 Demand estimate rounded to nearest 0.5 MGD or 500 acre-ft/yr.
Source: RMC 2007 (Water Supply Management Program 2040 – Future Recycled Water Potential Analysis) – WSMP 2040 
Appendix D TM-4.

Figure 6-2 Recycled Water Demand Potential Associated with Existing District Accounts

Potential Future Recycled & 
Raw Water Projects

Projects within the District’s service area 
include recycled water centralized treatment, 
satellite treatment, and raw water projects. 
The centralized treatment projects use recycled 
water produced at only one of the wastewa-
ter treatment plants. These would be either 
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expansions of committed projects or newly 
developed independent projects. Satellite treat-
ment projects provide recycled water to users 
located a long distance from or at signifi cantly 
higher elevations than existing recycled water 
supply sources or distribution systems.1 Raw 
water projects included in the evaluation were 
the Lake Chabot Raw Water Expansion Project 
and the Lafayette Reservoir Raw Water Project.

Projects within the Mokelumne River and Sacra-
mento areas focused on potential recycled water 
partnerships with agencies in the Mokelumne 
River region (also called Upcountry) and the 
greater Sacramento Area with whom the District 
has existing relationships. These projects were 

typically in-lieu projects where the District would 
help to fi nance recycled water development in 
exchange for a share of the water savings. Most 
Upcountry recycled water projects were not further 
pursued for the WSMP 2040 because of potential 
supply limitations, long implementation time-lines 
and necessary agreements with multiple agen-
cies. However, a partnership with the Sacramento 
County SRCSD and SCWA is being pursued 
further as part of the Sacramento Basin Ground-
water Banking / Exchange supplemental supply 
component. The potential future recycled water 
projects that were included in the portfolio devel-
opment are listed in Figure 6-3 and Table 6-4.

Additional information on existing recycled 
water project activities can be found in Section 
3.4.3. Appendix D TM-4 also contains informa-
tion on existing and potential future projects.

Figure 6-3 Potential Recycled Water Projects
1 Combinations of these illustrated projects could be made to achieve the WSMP 2040 recycled water goal.
2 Either Franklin Canyon or ConocoPhillips Recycled Water Projects would be chosen, as they use the same water source.

1 Due to limited cost-effectiveness of constructing small 
satellite treatment systems, only users with average annual 
demand greater than 100 acre-ft/yr were considered for 
satellite treatment opportunities.
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Table 6-4: Recycled Water Projects

Project 
Type

Project 
Location1

Project 
No. Project Name or Program Title

Potential Demand 
(Annual, MGD or 
acre-ft/year)2

Range or Max
Centralized 
Treatment

San Ramon 
Valley

1
San Ramon Valley Recycled Water Program – Phase 2 
Bishop Ranch

0.7 MGD 
(800 acre-ft/yr)

Centralized 
Treatment

San Ramon 
Valley

2
San Ramon Valley Recycled Water Program – Phase 3 
Danville East

0.7 MGD 
(800 acre-ft/yr)

Centralized 
Treatment

San Ramon 
Valley

3
San Ramon Valley Recycled Water Program – Phase 4 
Blackhawk East

0.3 MGD 
(300 acre-ft/yr)

Centralized 
Treatment

San Ramon 
Valley

4
San Ramon Valley Recycled Water Project - Phase 5 
Blackhawk West

0.2 - 0.3 MGD 
(200-350 acre-ft/yr)

Centralized 
Treatment

San Ramon 
Valley

5
San Ramon Valley Recycled Water Program – Phase 6 
Danville West

0.1 - 0.2 MGD 
(150-250 acre-ft/yr)

Centralized 
Treatment

East Bayshore 6
East Bayshore Recycled Water Project – Phase 1B 
Alameda

0.5 - 1.7 MGD 
(550 - 1,950 acre-ft/yr)

Centralized 
Treatment

East Bayshore 7
East Bayshore Recycled Water Project – Phase 2 
Future Expansion

0.1 - 0.5 MGD 
(100 - 550 acre-ft/yr)

Centralized 
Treatment

San Leandro 8
San Leandro Water Reclamation Facility Expansion 
Project – Phase 3 Oakland/Alameda

0.1 - 1.3 MGD 
(100 - 1,450 acre-ft/yr)

Centralized 
Treatment

Richmond 9
Richmond Advanced Recycled Expansion (RARE) 
Water Project - Phase 2 Additional 0.5 MGD

0.5 MGD 
(550 acre-ft/yr)

Centralized 
Treatment

Richmond 10
Richmond Advanced Recycled Expansion (RARE) 
Water Project - Future Expansion - Additional 1.0 
MGD

1.0 MGD 
(1,100 acre-ft/yr)

Centralized 
Treatment

Richmond 11
North Richmond Water Reclamation Plant Expansion 
Project - Surrounding Area

0.2 - 1.7 MGD 
(150 - 1,900 acre-ft/yr)

Centralized 
Treatment

Richmond 12 Point Richmond Recycled Water Project
0.07 - 0.1 MGD 
(80-120 acre-ft/yr)

Centralized 
Treatment

Pinole/Rodeo/
Hercules

133 ConocoPhillips Recycled Water Project 
Phases 1 and 2

4.0 MGD 
(4,500 acre-ft/yr)

Centralized 
Treatment

Pinole/Rodeo/
Hercules

14 Franklin Canyon Recycled Water Project
0.2 - 0.3 MGD 
(200- 300 acre-ft/yr)

Centralized 
Treatment

Reliez Valley 15
Reliez Valley Recycled Water Project 
(Portion of former Lamorinda Project)

0.1 - 0.2 MGD 
(100 - 250 acre-ft/yr)

Satellite 
Treatment

San Pablo/ 
Richmond

16 Rolling Hills Cemetery
0.05 - 0.18 MGD 
(50 - 200 acre-ft/yr)

Satellite 
Treatment

Diablo Valley 17 Diablo Country Club
0.18 MGD 
(200 acre-ft/yr)

Satellite 
Treatment

Oakland 18 Mountain View & St. Mary’s Cemetery
0.1 - 0.19 MGD 
(100 - 200 acre-ft/yr)

Satellite 
Treatment

Rossmoor 
Valley

19 Rossmoor Country Club
0.1 - 0.15 MGD 
(100 - 150 acre-ft/yr)

Satellite 
Treatment

Moraga 20 Moraga Country Club
0.1 - 0.2 MGD 
(100 - 200 acre-ft/yr)

Raw Water
San Leandro/ 
Oakland

21 Lake Chabot Raw Water Expansion Project
0.1 - 0.2 MGD 
(100 - 250 acre-ft/yr)

Raw Water Lafayette 22 Lafayette Reservoir Raw Water Project
0.01 - 0.05 MGD 
(10 - 50 acre-ft/yr)

1 For additional information on project location, refer to Figure 6-3 and Appendix D TM-4.
2 Demand rounded to nearest 0.1 MGD or 50 acre-ft/yr.
3 The ConocoPhillips Recycled Water Project Phases 1 and 2 were subsequently separated into two separately numbered projects. 
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Recycled Water Levels

6.1.4 Supplemental Supply

To meet the Need for Water and 
ensure reliability during a drought 
year, supplemental water supply is 
needed. Rationing, conservation, 
and recycled water alone or com-

bined would not generate suffi cient water to meet 
water needs through 2040 during a reasonable, 
worst-case drought event. Supplemental supply 
includes such options as expansion of existing 
reservoirs, construction of new reservoirs, par-
ticipation in the development of a regional desali-
nation plant, groundwater banking/exchange 
projects, and water transfers. Each supplemen-
tal supply component would provide different 
amounts of water, and would be combined with 
one another and with various levels of rationing, 
conservation, and recycled water to meet water 
needs throughout the planning period. 

The WSMP 2040 explored many potential col-
laborative supplemental supply components 
that would require the District to partner with 
one or more local or upcountry water agencies.

Identifying Potential Future Supplemental 
Supply Components 

Potential supplemental supply components 
were identifi ed based on EBMUD’s existing 

The recycled water production levels include: 

• Level 1: No additional future recycled water 
production (0 MGD); 

• Level 2: 5 MGD of additional recycled water 
production; and 

• Level 3: 11 MGD of additional recycled 
water production.

All three recycled water levels were included in 
the initial portfolio building. 

facilities and planning efforts already underway 
by EBMUD. Sources of information included, 
but were not limited to, the following planning 
documents:

• November 1992 EBMUD Updated WSMP 
EIS/EIR;

• June 1998 Pardee Enlargement Preliminary 
Design Report;

• July 2003 Draft Freeport Regional Water 
Project EIR/EIS; 

• November 2006 Mokelumne/Amador/
Calaveras Integrated Regional Water 
Management Plan; 

• October 2007 Draft Project Description for 
the Lower Bear River Reservoir Expansion 
Project; 

• December 2007 Draft - Mokelumne River 
Inter-Regional Conjunctive Use Project 
(IRCUP) Technical Memorandum: IRCUP 
Work Plan; 

• February 2009 Draft Los Vaqueros 
Reservoir Expansion Project EIS/EIR; and

• March 2010 Final Los Vaqueros Reservoir 
Expansion Project EIS/EIR.

The full list of initial supplemental supply 
components considered for the WSMP 2040 
are shown in Figure 6-4. Many of these 
components have been examined by EBMUD 
during the past 20 years. During the fi rst stage 
of evaluation, if a component failed one of the 
exclusion criteria (as described in Chapter 2 
and Section 6.2), the component was eliminated 
from further consideration. During the second 
stage of evaluation, the evaluation criteria were 
used to conduct a more detailed evaluation of 
the components (see Section 6.2).
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Supplemental Supply Components 
Eliminated in the First Stage 

Several supplemental supply components were eliminated in the 
fi rst stage of consideration because they did not satisfy one of the 
exclusion criteria. This includes several of the statewide compo-
nents (Sites Reservoir, Temperance Flat Reservoir, and Expanded 
Los Vaqueros Reservoir), as it was not clear whether they would 
meet projected water demands through 2040. These components 
are currently at early stages of discussion and development and 
thus, detailed information on the water supply benefi t to EBMUD is 
not currently known, cost sharing has not yet been identifi ed and 
federal partners have not yet been identifi ed. As such, all of the 
statewide components were held from further consideration in the 
WSMP 2040 planning process. The District will continue to track 
these projects for future consideration.

In the time period since the component screening process was 
undertaken for this WSMP, plans to expand Los Vaqueros Res-
ervoir to 160 TAF have moved forward and Contra Costa Water 
District has completed environmental documents for this project. 
Technological uncertainties continue to warrant exclusion of the 
remaining statewide components, but EBMUD has added the 160 
TAF Expand Los Vaqueros Reservoir (Current Expansion) com-
ponent to the WSMP 2040 Portfolio as a possible supplemental 
supply project option that could be implemented in the future to 
meet EBMUD’s dry year water needs.

Figure 6-4 Initial List of Supplemental Supply Components

Upper Mokelumne River 
Watershed below Lower Bear 
Reservoir
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Table 6-5: Summary of Supplemental Supply Components Brought Forward into 
Portfolio Development

Component Type Component Names

                 Water Transfers Northern California Water Transfers

                 Groundwater 
                 Banking /          
                 Exchange

Bayside Groundwater Project Phase 2

San Joaquin Basin Groundwater Banking / Exchange

Sacramento Basin Groundwater Banking / Exchange

                 Surface Water 
                 Reservoirs

Enlarge Pardee Reservoir1

Enlarge Lower Bear Reservoir

Buckhorn Canyon Reservoir

Expand Los Vaqueros Reservoir1

                 Desalination
Regional Desalination

LEAD at C&H Sugar

An additional four components were eliminated 
from consideration due to technical infeasibil-
ity: fog capture, Kellogg Reservoir, off-shore 
Desalination, and water bags. The technology 
for several of these components is still being 
developed and thus the projected water yield 
was unknown. 

Components Eliminated in the Second 
Stage

The remaining components were scored using 
the evaluation criteria (see Chapter 2, Table 
2-2). Any component that received two or more 
low scores on select “fatal fl aw” criteria was 
eliminated. These criteria included:

• Provide water supply reliability [Minimize 
the institutional & legal complexities and 
barriers]

• Minimize adverse socio-cultural impacts;

• Minimize risks to public health & safety

• Preserve and protect biological resources.

The following components all scored low on 
more than two of the selected “fatal fl aw crite-
ria”: Semitropic Groundwater Bank, the Bixler/
Delta Diversion, Duck Creek Reservoir, Bol-
linger Canyon, Cull Canyon, Curry Canyon, 
Enlarging Camanche Reservoir, and creating 
a Middle Bar Reservoir. These components 
scored low due to concerns about associated 
institution and legal complexities in relation to 
water rights and Delta diversions as well as 
environmental and socio-cultural impacts. For 
additional description of these components as 
well as additional detail on the screening pro-
cess, see Appendix B. Table 6-5 provides a 
summary of the components brought forward 
into the portfolio development. 

Water Transfers

At its most basic level, a water transfer 
can be viewed as a change in the way 

that a given quantity of water is allocated. Water 
transfers have been used by local, state and 
federal agencies in California for many years as 
a means to balance supply and demand. As a 
consequence, the mechanics of water transfers 

th t

              

              

              
           

            
              
            

1 On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component and added the 160 TAF Expand 
Los Vaqueros Reservoir component to the WSMP 2040 Portfolio.
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are supported by legislative policy, in order to best ensure that 
water use can be sustained (i.e., regional shortfalls avoided) and 
that transfers can be performed in an environmentally sound yet 
economical manner. 

Water transfers may be temporary, in which case the duration of 
the transfer usually lasts for one year or less. Long-term transfers 
are more reliable than short-term transfers, but almost always 
entail a much more complex agreement structure between par-
ticipants and also typically require that transfer parties undertake 
a more extensive environmental review process. In addition to 
short-term and long-term transfers, there are permanent water 
right acquisitions. 

Acquisition of a permanent water right offers the most reliability, 
but also has complex contractual and environmental burdens, and 
may involve extensive regulatory proceedings.

It was assumed for the WSMP 2040 PEIR that conveyance (by 
EBMUD) of transferred water would be accomplished through 
the completed FRWP. It was further assumed that EBMUD would 
seek water transfers with partners in the Sacramento Valley, or 
with partners who have supplies that originate north of the Delta. 
It should be noted that the water transfer partners have not been 
identifi ed, so the sources of water are not known. 

Bayside Groundwater Project Phase 2

Phase 1 of the Bayside Groundwater Project (described 
in Section 3.2.3) became operational in 2010. Phase 1 

involves the use of an existing well in the deep portion of the South 
East Bay Plain Basin (SEBPB) with an annual capacity of 1 MGD 
and the construction of associated conveyance and treatment 
facilities. 

The Bayside Groundwater Project Phase 2 would build upon 
successful operation of the Bayside Groundwater Project Phase 
1 by expanding its extraction and storage capacity by as much 
as an additional 9 MGD. In the Phase 1 project’s certifi ed EIR 
(November 2005), EBMUD sought to assure the local community 
and other East Bay water interests that the District would proceed 
with a Phase 2 initiative after gathering operating data on water 
quality and groundwater level effects that demonstrate that a 
larger capacity groundwater project could be safely developed in 
the basin. EBMUD remains committed to that obligation. 

The Sacramento River between 
housing development and 
agricultural fi elds

The primary mechanisms 
for accomplishing a water 
transfer are: 

• Reduction in use of 
surface water through 
actions such as 
crop-idling or water 
conservation. The water 
yielded from these 
surface water “saving” 
activities bypasses the 
specifi c land application 
and is conveyed for 
subsequent delivery and 
treatment to the entity on 
the receiving end of the 
transfer; 

• Storage of excess 
diverted surface water 
(via groundwater 
banking) for later use by 
the entity on the receiving 
end of the transfer; and 

• In-lieu use or exchange 
in which the “giving” end 
opts to use groundwater 
instead of a quantity of 
surface water and the 
“receiving” end gets the 
“saved” portion of surface 
water that was not used 
by the transfer party.  

How 
Water Transfers Work
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In the certifi ed EIR, EBMUD also stated that a 
project confi guration for Phase 2 of the Bay-
side Groundwater Project was not known at the 
time. There is still no defi nitive Phase 2 project 
confi guration (see Figure 6-5). For the WSMP 
2040, EBMUD has made a number of assump-
tions based on what are seen as probable proj-
ect elements and/or likely components of a 10 
MGD combined Phase 1/Phase 2 Groundwater 
Project. 

Operation

Bayside Groundwater Project Phase 2 facilities 
would be designed to inject treated water into 
the aquifer during years when water is avail-
able, and to recover stored groundwater during 
a drought. The extracted water would be treated 
prior to distribution to customers. 

Bayside Groundwater 
Project Phase 2

Potential Facilities

• The existing Phase 1 injection/extraction well 
(see Figure 6-5) would be replaced with a new 
well and a second well of equal size would be 
added.

• Two new sites within the SEBPB, with two 
wells at each site, and a new treatment plant.

• Expanded network of monitoring wells; and 

• Inlet/outlet pipelines to connect the two new 
Phase 2 sites to the existing distribution 
system for injection water and transmission of 
recovered groundwater.

Figure 6-5 Bayside Groundwater Project Phase 2
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Sacramento Basin Groundwater 
Banking / Exchange

This component would develop in-lieu 
or artifi cial groundwater recharge and 

recovery in cooperation / partnership with 
Sacramento area interests such as Sacra-
mento County Water Agency (SCWA) and/or 
the Sacramento County Groundwater Authority. 

Figure 6-6 Groundwater Basins

EBMUD would support development of facilities 
to recharge the Sacramento groundwater basin, 
and would receive either groundwater extracted 
from the basin or surface water in exchange 
for a portion of the water stored, as a dry-year 
supply (Figure 6-6). 
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Three options are considered in the WSMP 2040: 

• Option 1 Operate a groundwater storage and recovery 
program in Sacramento County’s Central (groundwater) 
Basin. Transfer water purchased by EBMUD (via an undefi ned 
transfer agreement) would be diverted from the Sacramento 
River and transported to the recharge facilities using FRWP 
conveyance facilities, for storage in the groundwater basin via 
recharge ponds, or in-lieu recharge via exchange with area 
water users. During dry years (which are predicted to take place 
approximately 3 out of 10 years), a portion of the water stored 
would be extracted from the Basin for EBMUD’s use, conveyed 
via FRWP facilities, or provided in-lieu (surface water as sourced 
via an exchange for the groundwater banked).

• Option 2 Water district members of the Sacramento County 
Groundwater Authority would provide in-lieu surface water 
supplies. In wet years, additional surface water available under 
SCWA water rights would be provided to these districts. In dry 
years, these districts would forgo some or all of their typical 
diversions from the Lower American River and would rely more 
heavily on groundwater. Thus, they would allow their surface 
entitlements to fl ow downstream to SCWA’s point of diversion at 
the FRWP. EBMUD would be provided a portion of the surface 
water entitlement via diversion at FRWP. 

• Option 3 EBMUD would support Sacramento Regional County 
Sanitation District development of recycled water production in 
the Central Basin. This recycled water would be provided to local 
agricultural irrigators currently using groundwater as their source 
of water. Unused groundwater would be banked for dry-year use 
by both Sacramento water interests and EBMUD.

Operation

It was assumed that the yield of the Sacramento Basin Ground-
water Banking / Exchange Project would be 4.2 MGD. Actual 
operational details, including specifi c yield for a project sited in this 
basin, would be determined at the project planning and develop-
ment stage. EBMUD intends to operate the facilities such that it 
would provide a dry-year supply. Other potential partners would 
have their own specifi c operational objectives.

Sacramento Basin GW 
Banking / Exchange

Potential Facilities

The maximum facilities 
required were based on 
Option 1: 

• 39 acres of recharge 
ponds;

• Three extraction wells, 
including one backup 
well, each capable of 
pumping 2,000 gallons 
per minute for 24 hours 
per day for a period of 12 
months; 

• Five miles of pipeline 
from the FRWP pipeline 
to the well fi eld / recharge 
area;

• Intertie at the FRWP 
pipeline;

• Pump station for the new 
pipeline;

• Granular activated 
carbon (GAC) treatment 
system either at the well 
fi eld or at the intertie with 
the FRWP pipeline; and

• A pre-treatment plant 
may also be needed.
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San Joaquin Basin Groundwater Banking / 
Exchange

In late 2006, Mokelumne River Forum 

(Forum) members began reviewing an 
option to develop an Inter-Regional Conjunctive 
Use Project (IRCUP). The project as conceptu-
alized utilizes the foothill counties’ (Amador and 
Calaveras) Mokelumne River water rights as a 
source, EBMUD’s Mokelumne River facilities 
as a conveyance mechanism, and San Joaquin 
County’s groundwater basin for storage. At the 
time that the WSMP 2040 was completed, 
Forum members were working to move the 
concept forward so that studies (e.g., feasibility 
studies, water rights agreements, etc.) could be 
developed, resulting in a more defi nitive project 
confi guration.

Figure 6-7 Central Valley Supplemental Supply Components

Mokelumne River Forum

EBMUD, along with twelve other public agencies 
interested in Mokelumne River water resources, 
signed a Memorandum of Understanding with 
the California Department of Water Resources 
in June 2005 to work cooperatively to improve 
regional water supplies.  The other signatories 
to the Mokelumne River Forum are Alpine 
County, Amador Water Agency, Amador County, 
Calaveras County Water District, Calaveras 
Public Utility District, City of Lodi, City of Stockton, 
Jackson Valley Irrigation District, North San 
Joaquin Water Conservation District, San Joaquin 
County Flood Control & Water Conservation 
District, Stockton East Water District, and 
Woodbridge Irrigation District.
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Surface Water Supply

One or more partners would either obtain a new water right, or 
modify an existing water right, to enable surface water to be 
diverted from the Mokelumne River and banked in the Eastern 
San Joaquin Groundwater Basin for later use by one or more of 
the parties. 

Operation

Groundwater Recharge and Storage 

Under one scenario, a portion of the Mokelumne River supply would 
be conveyed through the facilities for storage and regional use in 
the Eastern San Joaquin Groundwater Basin. Various in-lieu and 
direct recharge projects could be used to recharge water in wet 
years for use in dry years. For conceptual project sizing purposes, 
it is assumed that groundwater recharge would occur via recharge 
basin(s) with a total surface area of 137 acres. 

Groundwater Extraction

Water stored in the Eastern San Joaquin Groundwater Basin would 
be extracted for use in dry years via up to 15 extraction wells. 
Extracted water would be divided for use in the Eastern San Joaquin 
Groundwater Basin, by foothill agencies in Amador and Calaveras 
Counties (most likely through in-lieu exchanges), and within the 
EBMUD service area, via EBMUD’s Mokelumne Aqueduct. 

Figure 6-8 San Joaquin Basin Groundwater Banking / Exchange Location Map

Potential Facilities

Under an envisioned use 
of new or existing facilities, 
and through agreements to 
be established among the 
parties, existing EBMUD 
facilities or other facilities 
would be used to convey 
Mokelumne River surface 
water to proposed San Joa-
quin County groundwater 
banking facilities.

While the project partners 
could initially rely on 
EBMUD’s existing facilities 
to exchange the banked 
water to Amador and Calav-
eras counties, the following 
new facilities are assumed to 
be required for the project: 

• A new Intertie with 
EBMUD’s Mokelumne 
Aqueduct; 

• A new pump station and 
pipeline from EBMUD’s 
Mokelumne Aqueducts 
to the new well fi elds 
and/or recharge ponds; 
and

• Upcountry pre-treatment 
to treat recovered 
groundwater for blending 
with Mokelumne raw 
water.

San Joaquin Basin GW 
Banking / Exchange
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Expand Los Vaqueros Reservoir

The Expand Los Vaqueros Reservoir 
component involves expansion of 

the existing Los Vaqueros Reservoir, which 
is owned and operated by CCWD. CCWD is 
undertaking this expansion to improve water 
supply reliability under drought and emergency 
conditions, and to further improve water quality 
for its customers. CCWD has indicated that a 
portion of the storage capacity currently under 
construction as part of the expansion could be 
operated to provide dry year water supply to 
EBMUD, and that CCWD water treatment and 
conveyance facilities could be used to deliver 

Source: CCWD 2012

Figure 6-9 Expand Los Vaqueros Reservoir (Current Expansion) 

water supply to EBMUD. EBMUD would consider 
multiple sources of water for delivery to CCWD in 
wetter years. Possible sources include CCWD’s 
CVP water or EBMUD’s Mokelumne River water. 
For detailed information regarding the Expand Los 
Vaqueros component, please refer to the following 
document: “Contra Costa Water District, 2009, Draft 
Los Vaqueros Reservoir Expansion Project EIS/
EIR, February.”  Data as compiled by EBMUD staff 
and shared with the EBMUD Board of Directors 
regarding participation options is presented in sev-
eral WSMP 2040 Board Workshop slides as pre-
sented at the September 27, 2011 Workshop and at 
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Expand Los Vaqueros
Reservoir

the March 27, 2012 Workshop.  Those slides are 
provided in Appendix E1 to this document. 

Untreated supplies delivered from Los Vaqueros 
Reservoir to EBMUD will not have water qual-
ity equivalent to the water that EBMUD receives 
from its Mokelumne facilities and thus additional 
treatment would be necessary and additional 
treatment facilities would be required to take 
additional raw water from Los Vaqueros Reser-
voir. 

A range of potential options for connection to the 
Los Vaqueros system is described below.

Current Expansion

Construction on the current expansion of Los 
Vaqueros Reservoir is expected to be completed 
by Spring 2012. The current expansion will raise 
the water surface level 35 feet for a maximum 
reservoir water surface elevation of 507 feet 
above mean sea level (msl) and will increase the 
capacity from 100 TAF to 160 TAF (see Figure 
6-9). Three options are considered in the WSMP 
2040 for the Current Expansion:

• Treated Water - Boyd Road Intertie Option: 
EBMUD would take water from CCWD that is 
treated using CCWD’s facilities. The treated 
water would be received at the existing Boyd 
Road intertie in Walnut Creek and would 
then be pumped to the EBMUD distribution 
system for delivery within its service area in 
specifi c areas.

• Treated Water - New Intertie Option: This 
option would function the same as the 
Treated Water - Boyd Road Intertie Option 
described above; however, the treated water 
obtained from CCWD would be transferred 
through a new intertie that would be con-
structed in the vicinity of Geary Road and 
Buena Vista Road in Walnut Creek.

• Untreated Water Option: Under this option, 
EBMUD would receive untreated water from 
CCWD and send it through the Mokelumne 

Current Expansion Potential Facilities

Treated Water - Boyd Road Intertie Option: 

• Approximately 11,000 linear feet of 24-inch-
diameter pipeline along Pleasant Hill Road, 
Geary Road, and Larkey Lane (between Boyd 
Road and Alvarado Avenue);

• New instrumentation and control equipment; 
and

• A pump station with a capacity of 
approximately 12 million gallons per day near 
the intertie.

Treated Water - Boyd Road Intertie Option: 

• Approximately 4,000 linear feet of 24-inch-
diameter pipeline along Buena Vista Avenue 
(between Geary Road and Alvarado Avenue);

• Approximately 3,000 linear feet of 24-inch-
diameter pipeline along Geary Road (between 
Buena Vista Road and North Main Street); and

• A permanent intertie pumping plant (with a 
pumping rate of approximately 12 million 
gallons per day) at the Walnut Creek raw 
water pumping plant with remote control and 
instrumentation. 

Untreated Water Option: 

• Replacement or retrofi t of one or two existing 
60-inch check valves; and

• Interconnection between Mokelumne 
Aqueduct Nos. 1 and 3 with two 54-inch 
isolation valves.

• Additional treatment could be required at one 
or more of EBMUD’s existing water treatment 
plants depending upon aqueduct confi guration 
and EBMUD’s raw water system operation.
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Expand Los Vaqueros
Reservoir

Future Expansion Potential Facilities

• New treatment facilities would need to be 
constructed at one or more of EBMUD’s 
existing in-line water treatment plants 
or in another to-be-determined location. 
Treatment would include the following 
processes: coagulation/fl occulation, 
sedimentation, and chemical feed;

• Replacement or retrofi t of one or two 
existing 60-inch check valves; and

• A new interconnection between Mokelumne 
Aqueduct Nos. 1 and 3 would be installed 
with two 54-inch isolation valves. 

Aqueduct to an existing EBMUD raw water 
reservoir for treatment at an existing EBMUD 
water treatment facility or, depending on the 
results of project-specifi c water quality stud-
ies, it could possibly be sent directly to one 
of EBMUD’s in-line treatment facilities which 
treat water directly from the aqueducts. The 
latter alternative would require that additional 
treatment processes be installed at the in-
line plants. Following treatment, the water 
would be delivered to customers within the 
EBMUD service area.

one or more of EBMUD’s existing in-line water 
treatment plants or in another location. As with 
the current expansion, EBMUD would consider 
multiple sources of water for delivery to CCWD 
in wetter years, including water obtained through 
transfers, EBMUD’s CVP water or EBMUD’s 
Mokelumne River water. 

Future Expansion Operation

EBMUD would store water with CCWD during 
non-drought years and would receive water 
during drought years. In drought years, the 
future expansion could provide EBMUD with 
supplemental supplies to meet anticipated need 
of up to 100 TAF of storage delivered at a rate 
of 45 MGD, primarily during years 2 and 3 of 
a drought. It is possible that water would be 
delivered in drought year 1 or during other non-
drought situations, but this cannot be determined 
at this stage. This operation would require the 
use of EBMUD’s Walnut Creek Pumping Plant 
which pumps raw water in the Mokelumne Aque-
ducts.

Current Expansion Operation

EBMUD would store water with CCWD during 
non-drought years and would receive water 
during drought years.

Treated Water Options: During drought years, 
the current expansion and a treated water 
connection could create an additional 18 to 21 
TAF of storage for supplemental supplies for 
EBMUD, and allow delivery of about 8 MGD of 
water supply in the second and third years of a 
drought, or at other times if needed.

Untreated Water Option: During drought years, 
the current expansion could meet EBMUD’s 
anticipated need for an additional 29 TAF deliv-
ered at a rate of about 45 MGD during years 2 
and 3 of a drought; however, it is also possible 
that water would be delivered in drought year 
1 or during other non-drought situations. This 
operation requires the use of EBMUD’s Walnut 
Creek Pumping Plant which pumps raw water in 
the Mokelumne Aqueducts.

Future Expansion 

Similar to the Untreated Water Option for 
the current expansion, participation in the 
future expansion would involve the transfer of 
untreated water to EBMUD from Los Vaque-
ros; however, due to the water quantities and 
quality, it would also require the construction of 
new treatment facilities to be located either at 
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Buckhorn Canyon Reservoir

This component would involve constructing an earth fi ll dam 
for a terminal reservoir at Buckhorn Canyon, north of Castro 

Valley, about one-eighth mile up the eastern arm of EBMUD’s 
Upper San Leandro (USL) Reservoir (see Figure 6-10). The new 
reservoir, which would be located within lands currently owned by 
EBMUD, would provide a maximum capacity of 143,000 AF. The 
spillway crest of the dam would be at 745 feet above sea level.

Operation

The reservoir would be fi lled by water pumped through the Moraga 
Aqueduct when it is available. When in use, water would fl ow via 
gravity back to the Lafayette Aqueducts and be treated at the 
Sobrante Water Treatment Plant (WTP) or would fl ow via gravity 
to the USL WTP. The reservoir would be operated continuously 
(year-round) as base supply in all years. During dry years, the 
reservoir would provide 43 MGD in each dry year up to three dry 
years in a row, or sustain for a longer duration if less water is used 
in each dry year.

Figure 6-10 Buckhorn Canyon Reservoir Component Location: Inundation Area

Buckhorn Canyon Reservoir

Facilities Required

In addition to the new dam:

• A 5,100 horsepower 
(hp) pumping plant that 
conveys water from the 
Moraga Aqueduct to 
the Buckhorn Canyon 
Reservoir;

• A 6,200-foot tunnel; and 

• A 23,000-foot pipeline.

V ll
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Notes: 
1 The extent of the existing pool and new inundation area on this image is approximate. 
2 On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 Portfolio.

Figure 6-11 Enlarge Pardee Reservoir Component: Increase in Inundation Area
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Enlarge Pardee Reservoir 

The existing Pardee Reservoir has a 
licensed capacity of 197,950 acre-feet 

(AF) behind a 345-foot-high concrete dam on the 
Mokelumne River based on an Engineering Fea-
sibility Study prepared in the 1990s. Enlargement 
of the reservoir could potentially increase storage 
capacity by 126,000 AF. 

The PEIR for the 2009 WSMP 2040 was chal-
lenged in court. On April 24, 2012, the EBMUD 
Board removed the Enlarge Pardee Reservoir 
component from the WSMP 2040 Portfolio.

Enlarge Lower Bear Reservoir

The existing Lower Bear Reservoir, 
owned by PG&E, is located approxi-

mately 35 miles northeast of Jackson. In con-
junction with Upper Bear Reservoir, the two 
facilities provide water to water agencies and 
private users in fi ve counties. 

A possibility for enlarging Lower Bear Reservoir 
involves raising the dam by 32 feet to increase 
surface water storage capacity within the upper 
Mokelumne watershed. Figure 6-12 shows the 
increase in inundation area from enlargement of 
the reservoir. Previous studies by Amador Water 
Agency suggest that Lower Bear Reservoir 
would provide 18,300 AF of additional yield (Wil-

(AF) b h t l
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lard, 2005). For the purposes of the WSMP 2040, 
it is assumed that EBMUD, as a project partner, 
might receive approximately 4,500 AF during a 
wet or normal year and 2,500 AF during a dry 
year. When this WSMP 2040 was published, 
EBMUD had entered into a partnering agreement 
with Amador Water Agency, Calaveras County 
Water Agency, and San Joaquin County on a 
feasibility study to review the option of enlarging 
Lower Bear Reservoir. As part of that effort, more 
information will be developed regarding potential 
yield and the possible sharing of yield by project 
partners. The yield assumed for the WSMP 2040 
effort may therefore differ from pending study 
estimates.

Figure 6-12 Enlarge Lower Bear Reservoir Component: Increase in Inundation Area

Note: The extent of the existing pool and new inundation area on this image is approximate. 

Potential Facilities
In addition to the modifi ed dam, other facili-
ties to be refurbished or constructed include an 
upgraded intake structure and spillways, roads 
and relocation of existing recreation facilities.

Enlarge Lower Bear Reservoir

Operation

The operation scheme for the enlarged reser-
voir has not yet been determined and would 
depend on the engineering design and the 
participants involved.
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Figure 6-13 Potential Regional Desalination Location

Regional Desalination

EBMUD, in partnership with Contra 
Costa Water District (CCWD), the San 

Francisco Public Utilities Commission (SFPUC), 
and the Santa Clara Valley Water District 
(SCVWD), is exploring development of the Bay 
Area Regional Desalination Project, which could 
consist of one or more desalination facilities. 
Under the WSMP 2040 Portfolio presented in the 
2009 WSMP 2040, the presumed capacity of the 
completed project is 71 MGD, of which EBMUD’s 
share would be 20 MGD. In the revised WSMP 
2040, it is assumed that EBMUD’s share would 
be approximately 4 to 5 MGD.

Three desalination plant locations are being 
considered by the project partners: an Oceans-
ide site in San Francisco, a Near Bay Bridge 
site in Oakland, and an East Contra Costa site 
in the west Delta in the vicinity of the south 
shore of Suisun Bay. 

The Pittsburg site at CCWD’s Mallard Slough 
Pump Station is currently hosting a pilot test 
of desalination technology to collect data on 
technical feasibility (pre-treatment options, 
membrane performance, design parameters) 
and to determine environmental impacts (brine 
disposal, marine life screening systems). The 
pilot study is scheduled to be completed in June 
2009. This PEIR for the WSMP 2040 assumed 
the East Contra Costa site would be selected 
(see Figure 6-13). 

The project location for a permanent regional 
desalination facility has not been selected. 
It could be one of the other two sites consid-
ered, or an entirely different location. 

Alameda County Water District’s Brackish Water 
Desalination Plant in Newark (dedicated in 2003) 
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LEAD at C&H Sugar

The Low Energy Application of 
Desalination (LEAD) at C&H Sugar 

component would draw from a portion of the 23 
MGD of Carquinez Strait water that C&H uses, 
following its use in plant operations, to produce 
up to 1.5 MGD of potable-quality water for 
use by C&H in place of potable water from the 
EBMUD water distribution System. 

The LEAD component is unique in that it would 
use recovered steam to power the desalination 
facility. The steam energy would be recovered 
by replacing existing steam pressure-reducing 
equipment with a modern power generating unit. 

Potential Facilities

• Desalination plant;

• Transmission and distribution pipelines;

• Water intake; and

• Outfall and brine disposal mechanism.

Regional Desalination

Figure 6-14 LEAD at C&H Sugar Component Location

Operation

The desalination plant would be operated inter-
mittently as a dry-year supplemental supply, 
subject to specifi c agreements between the 
partner agencies.
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6.2 Screening Process

6.2.1 Screening Criteria

As described in Section 2.1 (Table 2-1), WSMP 2040 Planning 
Objectives, the WSMP 2040 planning objectives are organized 
into four objective categories: 

• Operations, Engineering, Legal & Institutional;

• Economic;

• Public Health, Safety & Community; and

• Environmental.

Screening criteria for use in evaluating the individual components 
as well as the portfolios were developed as part of the WSMP 
2040. 

Exclusion and Evaluation Criteria

Exclusion criteria were used in the fi rst round of screening to 
eliminate components that did not fulfi ll the basic objectives of the 
WSMP 2040. The exclusion criteria provide the “fatal fl aw” analy-
sis through a binary (yes or no) decision: either a component did 
or did not meet the criterion. 

Any component that did not meet any one exclusion criteria, by 
defi nition, failed to meet the planning objectives and was elimi-
nated from further study. 

Evaluation criteria were used in the second stage of screening to 
provide a more detailed assessment of the remaining components. 
The evaluation criteria, rather than involving a binary decision, 
were used to compare and array the components for their relative 
satisfaction of a criterion. A high score indicated high response to 
the criteria and a low score indicated a low response to the criteria 
(or High = Good, Low = Bad).

Components were scored within but not across component 
classes (i.e., conservation, recycled water, and supplemental 
supply). For example, a “High” score for a supplemental supply 
component under the minimize the system’s operational fl exibility 
criteria is not the same as a “High” score for a recycled water com-
ponent under the same criteria. 

The same set of objectives and criteria were used to evaluate 
conservation level components, recycled water components, 
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and supplemental supply components. The full list of criteria was 
viewed as a menu of possible criteria and individual criteria were 
only used if they were able to help distinguish between the com-
ponents. Some criteria were used to evaluate all of the component 
categories, but others were only useful for some of the component 
category evaluation. For example, the criterion to minimize disrup-
tions in water service during construction was used in the supple-
mental supply and recycled water component evaluation because 
these components would require construction and connection 
activities to the EBMUD water supply system that have the poten-
tial to disrupt water service. This criterion was not used, however, 
in evaluation of the conservation levels, as construction would not 
be required for any of the conservation level components and did 
not help in evaluating the difference between components. 

Appendix B provides additional detail on the screening criteria as 
well as on the component and portfolio screening and evaluation 
process.

6.2.2 Rationing Level Screening 

Rationing at 0%, 10%, 15% and 25% were considered 
in the initial portfolio development, and the 0% and 25% 
rationing levels were eliminated from further consideration. The 
10%, 15% and 20% rationing levels were tested in several of the 
Primary Portfolios to determine the associated impact on EBMUD 
customers. 

Under each rationing level, the amount of rationing for the different 
customer classes varies, (as shown in Table 6-6). The distribution 
of rationing across customer classes is based on the total demand 
of each customer class, the outdoor water use of each class, and 
the potential economic impact on the service area as a whole. 
The triggers to determine when rationing would be initiated would 
follow the existing DMP. 

The average frequency of rationing event occurrence was deter-
mined by modeling the Primary Portfolios at several different 
rationing levels. At a 15% rationing goal, mandatory rationing 
occurs 30% more frequently than at a 10% rationing goal. At a 
20% rationing goal, mandatory rationing occurs 80% more fre-
quently than at a 10% rationing goal. 

The level of variation (or risk) associated with the 3 rationing levels 
was also analyzed. At 20% rationing, although the median total 
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cost of a portfolio is only somewhat higher than 
at 10% and 15% rationing, the variability in 
the potential cost of the portfolio, or the risk, is 
larger. The dashed orange line in Figure 6-15 
indicates that the range of variation in cost 
increases as a higher rationing level is chosen.

Table 6-6: Customer Class Percentage 
Cutbacks under 20%, 15% and 10% System-
Wide Average Rationing

Customer 
Class

20% 
Rationing 

(%)

15% 
Rationing 

(%)

10% 
Rationing 

(%)
Single-
Family

24 19 12

Multi-Family 15 11 7

Commercial 16 12 8

Institutional 13 9 6

Industrial 7 5 3

Irrigation 39 30 19

Figure 6-15 Rationing Level - Risk

Preferred Level of Rationing

Up to 15% Rationing was favored for the     
Preferred Portfolio because it represents a 
reduction from the current 25% level and 
recognizes the challenges customers will have 
rationing in the future given the additional level 
of conservation for the WSMP 2040 Plan. 

Fixing leaks will help conserve water and meet 
rationing goals 
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6.2.3 Conservation Level 
Screening 

Conservation Levels B, C, D, and E were 
brought forward into the initial portfolio building 
and were tested in at least one portfolio. (Level 
A is essentially included in each of the other 
levels as it is the required plumbing code).

Conservation Levels B and E were eliminated 
in this stage - Conservation Level B because it 
provides less than the District’s current level of 
investment in conservation and Conservation 
Level E because the small increment of water 
savings gained over Conservation Level D 
comes at very high cost.

6.2.4 Recycled Water Level 
Screening 

All three recycled water levels were included in 
the initial portfolio building. Recycling Level 1 
(0 MGD) was tested in 2 out of 14 portfolios and 
eliminated from further consideration, as this 
level did not advance recycled water programs 
any further than current District goals.

Recycling Levels 2 and 3 were tested in the fi ve 
Primary Portfolios (Table 6-7). 

Table 6-7: Recycled Water Levels 2 and 3 
Comparison

Recycled Water 
Level Level 2 Level 3

Yield (MGD) 5 11

Total Cost (NPV)* $97 Million $277 MIllion

Rate Increase (%) 2.2 6.4

Rate Difference (%) - 4.2

6.2.5 Supplemental Supply 
Components Screening

Following the fi rst stage of 
component consideration (as 
described in Section 6.1.4), each 
of the remaining supplemental supply compo-
nents was scored using the evaluation screen-
ing criteria. 

Any component that received an extremely low 
score on select “fatal fl aw” evaluation criteria 
was eliminated from further consideration. Addi-
tional detail on the screening process and the 
eliminated components is provided in Appendix 
B. The components brought forward into the 
portfolio development are shown in Table 6-5. 

All of the components described in Table 6-5 
with the exception of the Buckhorn Canyon 
Reservoir and the LEAD at C&H Sugar com-
ponents were brought forward into the WSMP 
2040 Portfolio.

The LEAD at C&H Sugar Component was 
eliminated because its very small yield does 
not outweigh the risk and investment of build-
ing a facility on an active industrial property that 
EBMUD would not own.

The Buckhorn Canyon Reservoir Component 
was eliminated from further consideration due 
to concerns expressed by stakeholders as 
shown in Table 6-8. 

As part of the revision of the WSMP 2040 fol-
lowing the legal challenge, the Enlarge Pardee 
Reservoir component is no longer included in 
the WSMP 2040 Portfolio.
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Buckhorn Canyon with potential 
inundation zone (see Figure 6-10 
for entire image)

Table 6-8: Buckhorn Canyon Pros and Cons

Pros Cons

West of Delta storage
Inundates approximately 7 miles of 
stream 

High operational fl exibility Alters 40 acres of wetlands

High water quality of Mokelumne 
River

Inundates known habitat for Alameda 
whipsnake & sensitive fi sh species

Relatively remote EBMUD land

Very limited access. Traffi c, noise, and 
air quality construction-related impacts 
(120 Truck trips daily for 2.5-3 years 
for Dam Construction and 120 Truck 
trips daily for 10 months for Pipeline 
construction; Vehicular emissions and 
dust generation at all construction 
sites. Most affected would be the 155 
residences, college, library, and schools 
within 100 feet of pipeline construction. 
Effects would be short-term.1)

High elevation - Gravity fl ow Controversial history

No displacement of residences or 
land use

Would require an appropriative right for 
Buckhorn Creek and a process before 
the State Water Resource Control Board

Lowest cost to District of the 5 
portfolios

1 East Bay Municipal Utility District (EBMUD). 1988. Water Supply Management Program 
Revised Draft Environmental Impact Report. September.
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6.3	 Portfolio	Development

As described in Section 2.2, the development of alternative water 
supply portfolios was a robust and detailed evaluation of a wide 
range of potential water supply solutions.

Using the results of the criteria screening process, the narrowed 
list of water supply components was assembled into 14 portfolios 
(see Figure 6-16). 

6.3.1	 Portfolio	Modeling

An integrated water supply model (as described in Section 2.3.4), 
the WEAP-EBMUDSIM (W-E) model, was used for portfolio evalu-
ation to assess climate change impacts on EBMUD’s water supply 
system, and to calculate portfolio costs. 

The W-E model was used to assess portfolio performance under 
different hydrologic conditions and future supply and demand 
scenarios. Two distinct modeling approaches, the Fixed Level of 
Development (FLOD) Approach and the Indexed Sequential (IS) 
Approach, were used. The FLOD approach was used to evaluate 
performance for the initial set of 14 portfolios and to provide rough 
cost comparisons. The IS approach was used for detailed analy-
ses of subsequent portfolios and to estimate the range of costs  
(in net present value) of portfolios. 

The five Primary Portfolios carried forward for analysis in the 
WSMP 2040 are identified in Figure 6-17 with bolded arrows. Two 
of the portfolios (Portfolio 1 and 2) failed the modeling analysis, 
as they did not provide ample water to meet the Need for Water 
and did not satisfy operational constraints. In addition, Portfolios 1 
and 2 were not able to meet the capacity limitations of the aque-
ducts and East Bay water treatment plants. Several of the other 
portfolios were consolidated, as it was determined that modeling a 
smaller number of portfolios would provide insight on the remain-
ing range of rationing, conservation and recycled water levels, as 
well as supplemental supply components. The levels or compo-
nents listed in Table 6-9 were held from further consideration after 
this initial round of modeling.

Portfolio Design

The portfolios were designed 
to meet the Need for Water 
at a selected rationing level. 
Portfolios were also designed 
to suit specific themes  
including:

• Low Customer Impact

• Flexibility in Case of 
Future Extended Drought 
or Climate Change

• Upcountry Surface 
Storage Emphasis

• Groundwater Storage

• Regional Partnerships

• Emergency Reliability A  
(west of delta surface 
storage)

• Emergency Reliability B 
(west of delta  
production including 
desalination, recycled 
water, and conservation)

• Diversified

• Conservation & Recycling 
Emphasis

• Low Carbon Footprint

• Low Capital Cost / Low 
Structural
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1 Low Customer Impact
Balance of low rationing, low cost, high water 
quality. • 29 5 20 2.2 51.2

2
Flexibility for Future Extended 
Drought or Climate Change

Keep rationing/conservation & transfers available 
as short-term response.  • 29 5 20 2.2 51.2

3
Upcountry Surface Storage 
Emphasis

Portfolio 2 with increased rationing & 
conservation & no recycling or desal. • 37 0 51.2

4 Groundwater Storage
Portfolio 3, but replace surface storage with 
groundwater, & increase conservation, recycling, • 39 5 4.2 15 9 17.44 Groundwater Storage groundwater, & increase conservation, recycling, 
& transfers.

• 39 5 4.2 15 9 17.4

5 Regional Partnerships All partnership projects & conservation. • 37 5 4.2 4.5 20 17.4 2.2

6 Emergency Reliability - A West of delta surface storage. • 37 5 42

7 Emergency Reliability - B
West of delta production - desal, recycle, 
conservation. • 39 11 9 20

8 Diversified
Balanced levels of conservation & recycling, non-
Mokelumne sources transfers desal Bayside • 37 5 10 9 208 Diversified
Mokelumne sources - transfers, desal, Bayside. • 37 5 10 9 20

9
Conservation & Recycling 
Emphasis

High conservation & recycling with LEAD.   
Transfers & Bayside to satisfy need for water. • 41 11 15 9 1.5

10 Low Carbon Footprint Pardee plus conservation. • 37 5 51.2

11 Low Capital Cost / Low Structural 25% rationing, conservation, & transfers. • 29 0 30

12 "Alternative 12"3 • 37 11 4.2 27 9 1.5

13 "Alternative 13"3 39 11 8 9•

14 "Alternative 14"3 • 37 11 9

•

Notes: 1 Groundwater Banking/Exchange (Sacramento Basin) component must be coupled with a transfer water component.
2 If Conservation Level E is chosen for a portfolio, rationing is capped at 15%.
3 These Alternatives were developed following input from the Board of Directors.

 EDAW 

Figure	6-16 Portfolio Development
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17.4 
MGD

2.2 MGD 51.2 MGD

1 Low Customer Impact
Balance of low rationing, low cost, high water 
quality. • 29 5 20 2.2 51.2

2
Flexibility for Future Extended 
Drought or Climate Change

Keep rationing/conservation & transfers available 
as short-term response.  • 29 5 20 2.2 51.2

3
Upcountry Surface Storage 
Emphasis

Portfolio 2 with increased rationing & 
conservation & no recycling or desal. • 37 0 51.2

4 Groundwater Storage
Portfolio 3, but replace surface storage with 
groundwater, & increase conservation, recycling, • 39 5 4.2 15 9 17.44 Groundwater Storage groundwater, & increase conservation, recycling, 
& transfers.

• 39 5 4.2 15 9 17.4

5 Regional Partnerships All partnership projects & conservation. • 37 5 4.2 4.5 20 17.4 2.2

6 Emergency Reliability - A West of delta surface storage. • 37 5 42

7 Emergency Reliability - B
West of delta production - desal, recycle, 
conservation. • 39 11 9 20

8 Diversified
Balanced levels of conservation & recycling, non-
Mokelumne sources transfers desal Bayside • 37 5 10 9 208 Diversified
Mokelumne sources - transfers, desal, Bayside. • 37 5 10 9 20

9
Conservation & Recycling 
Emphasis

High conservation & recycling with LEAD.   
Transfers & Bayside to satisfy need for water. • 41 11 15 9 1.5

10 Low Carbon Footprint Pardee plus conservation. • 37 5 51.2

11 Low Capital Cost / Low Structural 25% rationing, conservation, & transfers. • 29 0 30

12 "Alternative 12"3 • 37 11 4.2 27 9 1.5

13 "Alternative 13"3 39 11 8 9•

14 "Alternative 14"3 • 37 11 9

•

Notes: 1 Groundwater Banking/Exchange (Sacramento Basin) component must be coupled with a transfer water component.
2 If Conservation Level E is chosen for a portfolio, rationing is capped at 15%.
3 These Alternatives were developed following input from the Board of Directors.

 EDAW 

Note: On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 
Portfolio.

WSMP 2040  6-35Final April 2012

CHAPTER 6
BUILDING	BLOCKS	OF	THE	PLAN



Figure	6-17	Portfolio Evaluation and Recommendations

• Minimize the 
vulnerability & 
risk of 
disruptions 
(i.e., 
reliability ).

• Maximize the 
system’s 
operational 
flexibility .  

• Minimize 
institutional & 
legal 
complexities  & 
barriers.

• Maximize 
partnerships  & 
regional 
solutions.

• Minimize the 
financial cost 
to the District 
of meeting 
customer 
demands for 
given level of 
system 
reliability.

• Minimize 
customer 
water shortage 
costs.

• Minimize 
potential 
adverse 
impacts to the 
public health 
of District 
customers. 
• Maximize 
use of water 

• Minimize long-
term adverse 
community 
impacts 
• Minimize 
adverse social 
effects .
• Minimize 
conflicts with 
existing & 

• Minimize 
adverse 
impacts on the 
environment .
• Minimize 
construction & 
operation 
effects on 
environmentall

• Minimize short 
term & long 
term 
greenhouse 
gas emissions 
from 
construction.
• Maximize 
energy 
efficiency P

o
rt

fo
lio

 N
u

m
b

e
r

Rationale/Notes

Operations, Engineering, Legal & Institutional
Public Health, Safety & 

Community
Environmental

Portfolio Theme

P
o

rt
fo

lio
 N

u
m

b
e

r

Economic 

from the best 
available 
source. 

g
planned 
facilities, 
utilities & 
transportation 
facilities.  

y sensitive 
resources . 

y
associated with 
operations & 
maintenance. 
• Maximize 
contributions to 
AB 32 goals.

1 Low Customer Impact 1 X 

2 Flexibility for Future Extended 
Drought or Climate Change 2 X 

3
Upcountry Surface Storage 
Emphasis H H H+ 3 Combine with P-10

4 Groundwater Storage H L H L H H 4
Includes both Sac & SJ Groundwater 
Banking/Exchange

Failed Modeling Analysis

Failed Modeling Analysis

P

Banking/Exchange

5 Regional Partnerships H L H L H L L 5
Most robust number of Components, 
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Engineering scores

7 Emergency Reliability - B H L L L L 7 Heavy reliance on Desalination ?

8 Diversified H L L L 8 Reliance on Desalination ?

9
Conservation & Recycling 
Emphasis H L L 9 Conservation Level E - Cost Effectiveness?

10 Low Carbon Footprint H H+ 10
P-3 with Rationing at 15% & 
Recycling Level 2

11
Low Capital Cost / Low 
Structural L H L H 11

Cost to customer of 25% Rationing is 
Prohibitive X 

12 "Alternative 12" L H L H L H H 12
Heavy reliance on a Water Transfer of 27 
MGD in dry years

13 "Alternative 13" L L L H 13
20% Rationing can be tested in Portfolios 4 
& 12

   

14 "Alternative 14" H L L L H 14
Cost to customer of 25% Rationing is 
Prohibitive X 

H = High Response to Evaluation Criteria;     L = Low Response to Evaluation Criteria;                                                  X = Hold from Further Consideration;                                 = Carry Forward as Primary Portfolio for Further Refinement & Testing
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9
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10 Low Carbon Footprint H H+ 10
P-3 with Rationing at 15% & 
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11
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Cost to customer of 25% Rationing is 
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12 "Alternative 12" L H L H L H H 12
Heavy reliance on a Water Transfer of 27 
MGD in dry years

13 "Alternative 13" L L L H 13
20% Rationing can be tested in Portfolios 4 
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14 "Alternative 14" H L L L H 14
Cost to customer of 25% Rationing is 
Prohibitive X 

H = High Response to Evaluation Criteria;     L = Low Response to Evaluation Criteria;                                                  X = Hold from Further Consideration;                                 = Carry Forward as Primary Portfolio for Further Refinement & Testing

Note: Portfolios 1, 2, 3, and 10 include the Enlarge Pardee Reservoir component. On April 24, 2012, the EBMUD Board 
removed the Enlarge Pardee Reservoir component from the WSMP 2040 Portfolio.
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Summary	of	Eliminated	Portfolios

These portfolios were examined and subsequently eliminated:

•	 Portfolio	1	–	Low	Carbon	Footprint	and	Portfolio	2	–	Flexibility	
for	Future	Extended	Drought	or	Climate	Change	
Failed to meet the Need for Water. 

•	 Portfolio	3	–	Upcountry	Surface	Storage	Closely mimicked 
Portfolio D and the Enlarge Pardee Reservoir level could be 
tested in that Portfolio. In addition, Recycled Water Level 1 
(0 MGD) was eliminated from all portfolios.

•	 Portfolio	7	–	Emergency	Reliability	and	Portfolio	8	–	
Diversified 
Heavy reliance on desalination above and beyond other 
elements; other portfolios offered a more “diversified” 
approach. 

•	 Portfolio	9	–	Conservation	&	Recycled	Water		
Included the very highest level of conservation (Level E at 
41 MGD), but not as cost-effective as Conservation Level D 
(39 MGD).

•	 Portfolio	11 –	Low	Capital	Cost 
Included the highest rationing level of 25 percent but cost of 
this rationing level was found to be prohibitive. 

•	 Portfolio	13 –	“Alternative	13”	
Closely mimicked Portfolio A; 20 percent rationing level 
could be tested in Portfolio A. 

•	 Portfolio	14 –	“Alternative	14”	
High cost of the 25 percent rationing level.

Conclusions	from	the		
Modeling	Analysis	

of	the	Initial	14	Portfolios
Conveyance	and	Treatment	
Operations

• All portfolios except 
Portfolios 1 and 2 meet 
the annual Need for Water 
and satisfy operational 
constraints. 

• Portfolios 1 and 2 do 
not work because of 
capacity limitations of 
the aqueducts and water 
treatment plants.

• In the third year of a 
drought, sources other 
than Mokelumne water 
are required. Not all 
of these sources can 
be treated at existing 
water treatment plants. 
Therefore, pretreatment 
is needed before entering 
the EBMUD aqueduct 
system.

• All portfolios except 
Portfolio 6 require 
Upcountry pretreatment.

Regional	Desalination

• Desalinated water from 
the Pittsburg location 
would be treated a second 
time at EBMUD treatment 
plants due to transmission 
system configuration.

• Water cannot be delivered 
from Pittsburg to partners 
during peak summer 
months.

Rationing

• Portfolios 11 and 14 
have the highest level 
of rationing at 25%. 
Rationing is triggered 
more often in these 
portfolios than others and 
cost of water shortage is 
the highest. 

Table 6-9: Components Held from Further Consideration after 
the First Round of Modeling

Component 
Category

Level/Component Held from Further 
Consideration

Rationing 0% and 25%

Conservation Level B (29 MGD) and Level E (41 MGD)

Recycled Water Level 1 (0 MGD)

Supplemental Supply LEAD at C&H Sugar

Note: More information on why the above components were held from further 
consideration is provided in Section 6.1, Section 6.2, and Appendix B.
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Figure	6-18	Primary Portfolio Composition

The five Primary Portfolios that were 
carried forward were renamed:

• Formerly Portfolio 4 → Portfolio	A

• Formerly Portfolio 5 →	Portfolio	B

• Formerly Portfolio 6 → Portfolio	C

• Formerly Portfolio 10 → Portfolio	D

• Formerly Portfolio 12 → Portfolio	E

6.3.2	 Primary	Portfolios

All portfolios carried forward for analysis 
include rationing at levels of either 10, 15 
or 20 percent, conservation savings of 
either 37 or 39 MGD, and recycled water at 
either the 5 or 11 MGD level (Figure 6-18). 
Each portfolio has a different theme and 
“cornerstone” component. 
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Figure	6-19	Portfolio A Groundwater/Conjunctive Use and Water Transfers

Portfolio	A	
Groundwater/Conjunctive	Use	and		
Water	Transfers

Emphasizes water production through water 
transfers and conjunctive use (groundwater) 
projects (Figure 6-19). Three groundwater 
projects would be combined with 15 MGD  
of water transfers, 39 MGD of conservation 
savings, and 5 MGD of recycled water proj-
ects. A 10 percent rationing level would be 
established.

The estimated dates for when the compo-
nents would be online are shown in Table 
6-10. While it appears on paper that excess 
water production capacity could be available 
in some years before it is needed to meet the 
Need for Water (Figure 6-20), this may not 

turn out to be the case. For example, the  
long lead time necessary to develop the  
Sacramento Basin Groundwater Banking / 
Exchange component (needed at the very 
end of the 2040 planning horizon) requires 
bringing the facility online 10 years earlier. 
During the bulk of those years, the project 
may be operated more in a storage mode 
rather than a withdrawal / extraction mode. 
Likewise, full utilization of San Joaquin area 
groundwater resources in 2040 requires ini-
tiation of that project in 2025 (and the opera-
tion of that project as well would be used for 
storage in some years, extraction in others).

Figure 6-20 also is a simplification of a  
complex modeling sequence - the figure 
depicts that each component is used to its 
maximum capacity in all years; however, in 
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the modeling as well as in reality, components 
would only be used as needed given hydrology 
of any given year and situation. The supple-
mental supply components included in Portfo-
lio A are small to moderately sized, so supply 
would not be brought online until it is needed 
to meet the Need for Water.

Portfolio A places heavy reliance on overcom-
ing all obstacles to implement groundwater 
storage and recovery and repeated success 
in securing water transfers. Transfers need to 
be in place as early as 2010 (see the “question 
mark” indicator as provided in Figure 6-20). 
While this is the same risk as for the WSMP 
2040 Portfolio, Portfolio A does not include any 
other supplemental supplies. Institutional and 
legal complexities may also be encountered 
with implementing each of the components. 
For example, the timing of recycled water proj-
ect implementation is subject to the availability 
of funding opportunities. Therefore, the 5 MGD 
of recycled water included in Portfolio A may 
not come online by the projected 2015 date. 

In addition, finding and securing water trans-
fers for 15 MGD starting in 2010, overcoming 
the institutional hurdles associated with the 
San Joaquin Basin Groundwater Banking / 
Exchange component, and overcoming local 
concerns about the Bayside Groundwater 
Project Phase 2, are just some of the chal-
lenges that may be encountered when imple-
menting Portfolio A.

Components of this portfolio would require  
use of the Freeport facilities as well as the 
Mokelumne Aqueducts for transporting water 
to the East Bay Terminal Reservoirs and  
treatment plants.

Pumping and energy requirements for Port-
folio A are moderate and primarily related to 
the energy required for pumping and treating 
groundwater and recycled water. Total elec-
tricity use attributed to Portfolio A would range 
from a maximum of 154,259 megawatt-hours 
(MWh) to a minimum of 125,329 MWh, with a 
median electricity use of 136,487 MWh.

Table 6-10: Portfolio A Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 10% 22 20101

Conservation Level D 39
Comes online throughout the 2010-2040 
planning period with the full 39 MGD 
being achieved in 2040

Recycled Water Level 2 5 Achieved by 2015

Supplemental 
Supply

Northern California Water 
Transfers 15 2010

Bayside Groundwater Project 
Phase 2 9 2013

Sacramento Basin Groundwater 
Banking / Exchange 4.2 2027

San Joaquin Basin Groundwater 
Banking / Exchange 17.4 2022

1  As a practical matter, EBMUD will be unable to reduce rationing to 10 percent until it develops additional dry-year 
supplemental water supplies.
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Figure	6-20	Portfolio A Meets the Need for Water over the Planning Period

Key	

C = Conservation 

RW = Recycled Water 

T = Transfer 

SJGW = San Joaquin 

Groundwater 

SacGW = Sacramento 

Groundwater 

BGW2 = Bayside 

Groundwater Project 

Phase 2

Table 6-11: CLC Feedback for Portfolio A

Pros Cons

Widest range of benefits

Must overcome public 
objections to Bayside 
Groundwater Project 
Phase 2 component

Would promote regional 
cooperation Costly

Least environmental 
impacts

High dependence on 
complicated transfers, 
difficult to implement

Encourages efficiency in 
the agricultural sector

Provides a safety net

Diverse supply increases 
likelihood of success

Portfolios A, C, and E all have similar median 
total electricity use and similar median green-
house gas emissions. Total greenhouse gas 
emissions from Portfolio A would range from 
a maximum of 290 million metric tons of CO2 
to a minimum of 236, with a median emission 
level of 257. 

Portfolio A would increase operational flex-
ibility of the EBMUD water supply system, as 
it would provide a variety of both East Bay and 
Upcountry projects. Providing additional dry 
year storage on the west side of the Delta at 
Bayside would contribute to the District’s ability 
to meet the 6-month local storage criterion. 
Portfolio A would provide approximately 173 
days (5.8 months) of standby storage from May 
through October and 184 days (6.1 months) of 
standby storage from November through April 
based on a 2040 Demand. This portfolio would 
also provide several opportunities for EBMUD 
to partner with other local and Upcountry water 
districts.
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Portfolio	B		
Regional	Partnerships

Portfolio B consists of 37 MGD of conser-
vation, 5 MGD of recycled water, a small 
water transfer, and 10 percent rationing. It 
is uniquely characterized by its use of avail-
able partnership projects: a mix of ground-
water projects, regional desalination, and 
enlargement of Lower Bear Reservoir (see 
Figure 6-21 and Table 6-12). This emphasis 
increases the chance of success for large 
projects (such as regional desalination) that 
could otherwise prove to be difficult for any 
one agency to develop and permit.

As with Portfolio A, it may appear that more 
water would be available in later years 
than is needed to meet the Need for Water 
(Figure 6-22), and that the Sacramento Basin 
Groundwater Banking / Exchange component 
is not needed to meet the Need for Water 
in all years. This approach is necessary to 
account for long project lead time coupled 
with the operational characteristics of the 
conjunctive use elements.

Again, the approach is to develop the supple-
mental water supply components that are 
most feasible according to the circumstances 
that arise during the 2010-2040 planning 
period. As an implementation scheduling 
example (beyond the conjunctive use ele-
ments discussed previously), the Regional 
Desalination component, although it has the 
capacity to provide excess water for approxi-
mately 5 years (until it is needed in full to 
meet the Need for Water in 2020), at least 
10 MGD needs to be online by 2015 to avoid 
a shortfall in that given water year. To guard 
against potential growth-inducing effects of 
short-term surplus water supply, EBMUD 
would match the use of Regional Desalina-
tion to the Need for Water in a given year.

In a similar manner, the Enlarge Lower Bear 
Reservoir component is needed to meet the 
2040 level of demand, but modeling indicates 
it is required by year 2027 to meet a short-
term need for water until conservation can be 
fully implemented and the San Joaquin Basin 
Groundwater Banking / Exchange component 
is functional (Table 6-12). As a fall-back option, 
a short-term water transfer in 2027 could be 
used to provide an equivalent amount of water 
in place of the Enlarge Lower Bear Reservoir 
component.

A weakness of Portfolio B is that heavy reli-
ance is placed on a Regional Desalination 
project being permitted, built and online by 
2015 (see question mark in Figure 6-22). 
There are currently significant challenges to 
successfully implementing a large regional 
desalination project in California, particularly 
one that could potentially be sited in the Delta. 
EBMUD views that a more realistic time frame 
for implementation may be 2030. 

Additional challenges exist in getting the Port-
folio B components online at the necessary 
date to meet the Need for Water. For example, 
the recycled water project implementation is 
subject to the availability of funding opportuni-
ties and therefore, the 5 MGD of recycled water 
included in Portfolio B may not be able to come 
online by the projected 2015 date. Institutional 
and legal complexities may be encountered 
with implementing each of the components. 

Operational considerations result from the 
inclusion of the Regional Desalination com-
ponent in this Portfolio. Water would initially 
be desalinated using one-pass or two-pass 
reverse osmosis (RO). The desalinated water 
would be transported to the Mokelumne Aque-
ducts via a pump station and pipeline. Water 
distributed through the Mokelumne Aqueducts 
would need to be treated a second time at 
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Table 6-12: Portfolio B Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 10% 22 20101

Conservation Level C 37
Comes online throughout the 2010-2040 
planning period with the full 37 MGD 
being achieved in 2040

Recycled Water Level 2 5 Achieved by 2015

Supplemental 
Supply

Northern California Water 
Transfers 4.5 2010

Sacramento Basin Groundwater 
Banking / Exchange 4.2 2029

Regional Desalination 20 2012

Enlarge Lower Bear Reservoir 2.2 2027

San Joaquin Basin Groundwater 
Banking / Exchange 17.4 2022

1 As a practical matter, EBMUD will be unable to reduce rationing to 10 percent until it develops additional dry year 
supplemental water supplies.

Figure	6-21	Portfolio B Regional Partnerships
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EBMUD treatment plants due to transmission 
system configuration. Pumping and energy 
requirements for Portfolio B are high, primarily 
related to the energy required for the desali-
nation process, as well as for pumping and 
treating groundwater and recycled water. Total 
electricity use attributed to Portfolio B would 
range from a maximum of 179,312 MWh to a 
minimum of 142,452 MWh, with a median elec-
tricity use of 154,753 MWh. Total greenhouse 
gas emissions from Portfolio B would range 
from a maximum of 338 million metric tons of 
CO2 to a minimum of 268, with a median emis-
sion level of 291. Portfolio B has the highest 
median electricity use and median greenhouse 
gas emission level of all the portfolios.

Portfolio B would provide additional dry-year 
water availability on the west side of the Delta 
through use of the Regional Desalination com-
ponent. Although it would use the Mokelumne 
Aqueducts to transport water to the East Bay 
Terminal Reservoirs and treatment plants, it 

would connect with the aqueducts west of the 
Delta and is therefore less likely to be affected 
by Delta failure. This component would contrib-
ute to the District’s ability to meet the 6-month 
local storage criterion. Portfolio B would provide 
approximately 188 days (6.3 months) of standby 
storage from May through October and 195 days 
(6.5 months) of standby storage from November 
through April based on a 2040 Demand.

Key	

T = Transfer 

C = Conservation 

RW = Recycled Water

SJGW = San Joaquin 

Groundwater

SacGW = Sacramento 

Groundwater

D = Regional Desalination 

Bear = Enlarge Lower Bear 

Reservoir

Figure	6-22	Portfolio B Meets the Need for Water over the Planning Period

Table 6-13: CLC Feedback for Portfolio B

Pros Cons
Opportunity to partner with 
others 

Requires much agency 
cooperation

Diversifies supply off 
Mokelumne River, Greatest 
diversity & flexibility

Unless cost of 
desalination & recycled 
water decrease, it is too 
expensive 

Desalination could be good 
option if it uses renewable 
energy sources and 
becomes more economical 
over time
Less dependent on 
transfers then Portfolio A

More leverage to adapt to 
population growth
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Portfolio	C		
Local	System	Reliance

Portfolio C emphasizes reliance upon a new 
increment of water storage in the EBMUD 
service area. By locating new storage capac-
ity west of the Delta, EBMUD may be able to 
lessen the impact of a prolonged interruption of 
its Sierra supply that would result from damage 
to the aqueduct system from floods, levee 
failures or earthquakes. This portfolio consists 
of a 15 percent rationing level, 37 MGD of 
conservation, 5 MGD of recycled water, and 
a single supplemental supply project: devel-
opment of Buckhorn Canyon Reservoir (see 
Table 6-14). 

The Buckhorn Canyon Reservoir component 
would involve constructing an earth fill dam, cre-
ating a “terminal” reservoir at Buckhorn Canyon, 
north of the Castro Valley community. The 
capacity of a new reservoir in Buckhorn Canyon 
(similar in layout and concept to a project as 
originally conceived in the 1980s) is 143,000 
AF. Figure 6-10 shows the inundation area of 
the new reservoir. The reservoir would be oper-
ated continuously during times of drought, and 
would provide up to 43 MGD in each dry year, 
for up to three consecutive dry years.

The estimated dates when the Portfolio C 
components would be online are shown in 
Table 6-14. If drought conditions were to occur 
between years 2011 and 2019, before the 
projected in-service date for Buckhorn Canyon 
Reservoir, a temporary shortfall would be 
met by rationing at a maximum of 25 percent 
Districtwide. Portfolio C places total reliance 
on Buckhorn Canyon Reservoir permitting, 
constructing, and filling by 2020 (see question 
mark on Figure 6-24).

Figure 6-24 shows that with Buckhorn Canyon 
Reservoir in place, surplus water exceeds the 
Need for Water. However, the graphic depicts 
a best-case condition. Depending on the 
hydrologic circumstances, it may take several 
years to fill the new reservoir. 

Until it is filled, it could not be fully operational. 
The capacity of Buckhorn Canyon Reservoir 
is defined in large measure by the geologic 
formation of the canyon and engineering 
considerations that restrict the dam’s location. 
Moreover, the Buckhorn Canyon Reservoir 
component cannot be phased. 

Portfolio C scored very high from an opera-
tions and economic viewpoint, primarily related 
to the inclusion of the Buckhorn Canyon Res-
ervoir component (see Appendix B). 

Table 6-14: Portfolio C Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 15% 29 20101

Conservation Level C 37
Comes online throughout the 2010-2040 
planning period with the full 37 MGD 
being achieved in 2040

Recycled Water Level 2 5 Achieved by 2015

Supplemental 
Supply Buckhorn Canyon Reservoir 42 2020

1 As a practical matter, EBMUD will be unable to reduce rationing to 15 percent until it develops additional dry-year 
supplemental water supplies.
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Pumping and energy requirements for Port-
folio C are moderate and primarily related to 
the energy required for pumping and treating 
recycled and potable water. Total electricity 
use attributed to Portfolio C would range from 
a maximum of 145,503 MWh to a minimum of 
127,992 MWh, with a median electricity use 
of 135,315 MWh. Total greenhouse gas emis-
sions from Portfolio C would range from a 
maximum of 274 million metric tons of CO2 to a 
minimum of 241, with a median emission level 
of 255. Portfolios A, C, and E all have similar 
median greenhouse gas emissions.

Portfolio C would increase operational flexibil-
ity and reliability of the EBMUD water supply 
system, as it would extend EBMUD’s standby 
storage capacity to about one year and would 
locate a significant portion of that storage away 
from the vulnerabilities of the Delta. Providing 

additional terminal reservoir storage would allow 
for much great operational flexibility and the 
ability to store more water during the winter to 
supply summer demands. Providing additional 
dry year storage on the west side of the Delta 
at Bayside would contribute considerably to the 
District’s ability to meet the 6-month local stor-
age criterion. Portfolio C would provide approxi-
mately 359 days (12 months) of standby storage 
from May through October and 378 days (12.6 
months) of standby storage from November 
through April (based on 2040 Demand) and 
would locate a significant portion of that storage 
away from the vulnerabilities of the Sacramento 
Delta. A potential shortfall with this portfolio as 
compared with others is that it would be hard 
to find means by which other agencies beyond 
EBMUD could partner in its operation.

Figure	6-23	Portfolio C Local System Reliance
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Table 6-15: CLC Feedback for Portfolio C

Pros Cons
Optimum control in case 
of drought or seismic 
event

“Go-it-alone” strategy will 
be hard to justify in the 
future

Certainty of supply within 
District’s control

Delta-earthquake 
scenario should be dealt 
with by securing the 
aqueducts

Reliability is critical
Surface storage 
eliminates wetlands and 
habitat

On EBMUD property,  
on cooler side of District, 
provides winter storage

Buckhorn Reservoir 
still faces significant 
community opposition, 
due to construction 
traffic through residential 
neighborhood

Lowest cost to implement

Elimination	of	the	Buckhorn	Canyon		
Reservoir	Component	

While Buckhorn Canyon Reservoir would 
provide greater water supply reliability to the 
District, due to its location west of the Delta, 
its greatest constraint is the potential construc-
tion traffic that would be required on the single 
access road through a residential neighbor-
hood. In addition, there would be impacts to 
wetlands and biological resources and this 
component would provide few, if any, regional 
collaboration opportunities.

Community and environmental interest groups 
also expressed strong opposition to Buckhorn 
Canyon Reservoir development during the 
WSMP 2040 PEIR scoping process. 

As a result, the Buckhorn Canyon Reservoir 
component was eliminated from further con-
sideration following analysis of the 5 Primary 
Portfolios. 

Key	

C = Conservation 

RW = Recycled Water

Buckhorn = Buckhorn 

Canyon Reservoir
Figure	6-24	Portfolio C Meets the Need for Water over the Planning Period
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Portfolio	D	
Lower	Carbon	Footprint

Portfolio D seeks to reduce energy consumption 
and greenhouse gas emissions by increasing the 
hydroelectricity generation capacity at Pardee 
Powerhouse. In addition, Portfolio D would 
substantially reduce dry-year water demand by 
setting a 15 percent (32 MGD) Districtwide ration-
ing level. This portfolio would include 37 MGD of 
conservation, 5 MGD of recycled water, enlarge-
ment of Pardee Reservoir, and implementation 
of Bayside Groundwater Project Phase 2 (see 
Figure 6-25 and Table 6-16). The estimated 
dates for when the components would be online 
are shown in Table 6-16.

Portfolio D includes only a Mokelumne River 
source of supplemental supply. However, it 
should be noted that the FRWP pre-treatment 
facility would be required for this portfolio to 
address water quality issues. Under this sce-
nario, the FRWP is not activated in the first year 
of the Drought Planning Sequence if the existing 
500 TAF trigger is utilized and therefore, a large 
amount of Sacramento River water would be 

Table 6-16: Portfolio D Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 15% 29 20101

Conservation Level C 37
Comes online throughout the 2010-2040 
planning period with the full 37 MGD 
being achieved in 2040

Recycled Water Level 2 5 Achieved by 2015

Supplemental 
Supply

Bayside Groundwater Project 
Phase 2 9 2014

Enlarge Pardee Reservoir2 51.2 2020

1 As a practical matter, EBMUD will be unable to reduce rationing to 15 percent until it develops additional dry-year 
supplemental water supplies.
2 On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 
Portfolio.

used in the last two years of the drought instead 
of being spread out over three years. This 
increase in blended-water volume would likely 
require pre-treatment.

The Enlarge Pardee Reservoir component 
included in Portfolio D is of relatively large 
scale, and construction cannot be phased, how-
ever filling and operation could be flexible. On 
April 24, 2012, the EBMUD Board removed the 
Enlarge Pardee Reservoir component from the 
WSMP 2040 Portfolio.

Bayside Groundwater Project Phase 2 is needed 
in 2015 to meet a short-term need for water 
until the Enlarge Pardee Reservoir component 
can come online (see Figure 6-26). Even with 
implementation of Bayside Groundwater Project 
Phase 2, Portfolio D may still have a shortfall 
before the enlarged Pardee Reservoir is filled 
and online. If EBMUD were to enter into benefi-
cial partnerships with Upcountry water interests, 
the full yield of the Enlarge Pardee Reservoir 
component may be shared (partnering and yield 
sharing as would be determined during the proj-
ect development stage).
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Challenges exist in getting the Portfolio D com-
ponents online at the necessary date to meet 
the Need for Water. Portfolio D places heavy 
reliance on permitting, constructing, and filling 
an enlarged Pardee Reservoir by 2020 (see 
question mark on Figure 6-26). Another chal-
lenge may be obtaining the necessary permits 
for the Enlarge Pardee Reservoir component.

Pumping and energy requirements for Port-
folio D are moderate and primarily related to 
the energy required for pumping and treating 
groundwater, recycled water, and water from 
Pardee Reservoir. Total electricity use attributed 
to Portfolio D would range from a maximum of 
128,553 MWh to a minimum of 110,207 MWh, 
with a median electricity use of 117,885 MWh. 

The Enlarge Pardee Reservoir component 
would result in a median annual increase in 
hydroelectric power generation of about 5%, 
giving Portfolio D the lowest total energy use 
and lowest median greenhouse gas emissions 
level of all the portfolios. Total greenhouse gas 
emissions from Portfolio D would range from 
a maximum of 242 million metric tons of CO2 
to a minimum of 207, with a median emission 
level of 222. 

Aside from the service-area storage cre-
ated as part of Bayside Groundwater Project 
Phase 2, the bulk of storage provided by Port-
folio D would be east of the Delta and would 
therefore not contribute to meeting EBMUD’s 
6-month local storage criterion. Portfolio D 

Figure	6-25	Portfolio D Lower Carbon Footprint

Note: On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 
Portfolio.
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Key	

C = Conservation 

RW = Recycled Water 

BGW2 = Bayside Ground-

water Phase 2 Project

Pardee = Enlarge Pardee 

Reservoir

Figure	6-26	Portfolio D Meets the Need for Water over the Planning Period

Table 6-17: CLC Feedback for Portfolio D

Pros Cons

If Portfolio D was managed properly, it could 
benefit the environment (more water for fish) 

Bayside Groundwater Project Phase 2 will be more trouble then 
you anticipate; legal challenges are not worth the 9 MGD

Meets carbon reduction issue Secure the aqueducts first, then enlarge Pardee Reservoir

Provides reserve source of supply Without EIR/details of operation are difficult to assess

Note: On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 
Portfolio.

would provide approximately 170 days (5.7 
months) of standby storage from May through 
October and 183 days (6.1 months) of standby 
storage from November through April based 
on 2040 Demand. 

In addition to increasing operational flexibil-
ity to meet the needs of EBMUD customers, 

Portfolio D could also provide environmental 
benefits on the Mokelumne River by provid-
ing additional cold water storage in Pardee 
Reservoir for releases. Potential concerns 
exist, such as the impact of inundation on 
recreation activities, cultural and historic 
resources, biological resources, and road  
and bridge access.

WSMP 2040  6-51Final April 2012

CHAPTER 6
BUILDING	BLOCKS	OF	THE	PLAN



Portfolio	E		
Recycled	Water	&	Water	Transfers

Portfolio E (Table 6-18 and Figure 6-27) 
includes a number of recycled water projects 
and a greater reliance on water transfers as 
compared with other portfolios. It includes no 
surface water projects. 

Portfolio E consists of 37 MGD of conservation 
savings, recycled water projects at the maxi-
mum 11 MGD, two groundwater projects, and 
a long-term, large, water transfer. Also, a 10 
percent rationing level would be established. 
Portfolio E would provide additional dry-year 
storage west of the Delta through the Bayside 
Groundwater Project Phase 2. This portfolio 
would also provide several opportunities for 
EBMUD to partner with other water districts.

As is the case with those portfolios that include 
non-Mokelumne sources (i.e., all alternatives 
save Portfolio C), FRWP pre-treatment facili-
ties would likely be needed to introduce such 
sources to the EBMUD raw water conveyance 
system (i.e., to address water quality / water 
treatment requirements, blending of supplies 
with Mokelumne water would not suffice). 

Beyond the proposed FRWP pre-treatment 
plant, certain components of this portfolio 
would require the use of the constructed 
FRWP facilities as well as the use of the Moke-
lumne Aqueducts. The estimated dates for 
Portfolio E components to be online are shown 
in Table 6-18.

Portfolio E would provide water to meet the 
Need for Water in all years. Figure 6-28 dis-
plays how the portfolio was modeled for cost 
analysis purposes and it shows that excess 
water would be available in some years before 
it is needed to meet the Need for Water. Water 
transfers or use of groundwater banking and 
exchange components can also be ramped 
down as needed so that the Need for Water 
is not exceeded by the supply in any given 
year. However, the flexibility of the portfolio to 
provide water in excess of what has been esti-
mated as being needed in a given year con-
tributes to the ability of the portfolio to respond 
to unknown future conditions such as global 
climate change.

Challenges to implementation of Portfolio 
E are much the same as they are for those 
alternatives that rely on non-service-area 

Table 6-18: Portfolio E Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 10% 20 20101

Conservation Level C 37
Comes online throughout the 2010-2040 
planning period with the full 37 MGD 
being achieved in 2040

Recycled Water Level 3 11 Achieved by 2020

Supplemental 
Supply

Northern California Water 
Transfers 28.5 2010

Bayside Groundwater Project 
Phase 2 9 2030

Sacramento Basin Groundwater 
Banking / Exchange 4.2 2035

1 As a practical matter, EBMUD will be unable to reduce rationing to 10 percent until it develops additional dry-year 
supplemental water supplies.
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sources of supply as well as getting compo-
nents online at the necessary date to meet 
the Need for Water. There are institutional 
and legal complexities that may be encoun-
tered. For example, finding and securing one 
or multiple water transfers up to 28.5 MGD by 
2010 may be challenging, as it requires willing 
transfer partners (see “question mark” shown 
in Figure 6-28).

Pumping and energy requirements for Port-
folio E are moderate and primarily related to 
the energy required for pumping and treating 
groundwater and recycled water. Total electric-
ity use attributed to Portfolio E would range from 
a maximum of 149,266 MWh to a minimum of 
122,884 MWh, with a median electricity use of 
134,885 MWh. Total greenhouse gas emissions 
from Portfolio E would range from a maximum of 
281 million metric tons of CO2 to a minimum of 
231, with a median emission level of 254. Portfo-

Figure	6-27	Portfolio E Recycled Water and Water Transfers

lios A, C, and E all have similar median electricity 
use and greenhouse gas emissions.

Portfolio E would increase operational flexibility 
of the EBMUD water supply system, as it would 
provide a variety of both East Bay (Bayside 
Groundwater Project Phase 2) as well as 
Upcountry projects. 

Providing additional dry year storage on the 
west side of the Delta at Bayside as well as 
increasing the amount of recycled water would 
contribute to the District’s ability to meet the 
6-month local storage criterion. Portfolio E 
would provide approximately 179 days (6.0 
months) of standby storage from May through 
October and 188 days (6.3 months) of standby 
storage from November through April based on 
2040 Demand. This portfolio would also provide 
several opportunities for EBMUD to partner with 
other Upcountry water districts.
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Figure	6-28	Portfolio E Meets the Need for Water over the Planning Period

Key	

C = Conservation 

RW = Recycled Water 

T = Transfer 

BGW2 = Bayside  

Groundwater Project Phase 2

SacGW = Sacramento  

Groundwater

Table 6-19: CLC Feedback for Portfolio E

Pros Cons
Higher levels of recycled water is direction California needs to go to 
leave more water for ecosystem purposes. EBMUD can be a pioneer 
for this.

Transfers would promote regional 
cooperation, but may be risky long-term

Using renewables to meet high energy demand would be a plus Desalination is very costly

Use water multiple times (recycling) and more wisely (conservation) 
makes the system more reliable and environmentally sustainable
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6.3.3	 WSMP	2040	Portfolio

The WSMP 2040 Portfolio is designed to be robust, flexible, 
diverse, and to pursue projects on multiple, parallel tracks in 
order to respond flexibly to an uncertain water future. Many of the 
supplemental supply and recycled water components that are pro-
posed in the WSMP 2040 have institutional or legal complexities 
or will require yet unknown amounts of time to develop, design, 
and construct. Thus, to provide flexibility and a robust strategy to 
deal with these uncertainties, as well as those relating to global cli-
mate change, an adaptable and flexible WSMP 2040 Portfolio was  
developed.

Rationing of up to 15% was chosen to allow the District flexibility 
in an emergency or to respond to the many unknown factors in the 
future. High levels of conservation (39 MGD) and recycled water 
(11 MGD) were chosen to maintain the District’s current aggres-
sive policies for overall demand management. The combination of 
rationing, conservation, and recycled water will satisfy increased 
customer demand through 2040. 

Multiple simultaneous supplemental supply components will be 
pursued on parallel tracks to provide a diverse and flexible strat-
egy to meet future water needs. The success of one component 
could result in delaying the need for additional supplemental 
supply components over the course of the planning period. Not 
all of the supplemental supply components listed above will be 
constructed as part of the WSMP 2040. The broad mix of projects, 
the inherent scalability present in several of the elements, and 
the ability to adjust implementation schedules for a particular proj-
ect or program included in WSMP 2040 help to minimize the risks 
associated with the uncertainties and development time issues 
identified above. Table 6-20 provides a summary of the capital 
cost, operating and maintenance cost, dry-year cost per acre foot, 
and energy use for each element of the WSMP 2040 Portfolio. 

A detailed description of the WSMP 2040 Portfolio is provided in  
Section 2.3, The Plan.

WSMP 2040 Portfolio Goals

Supplemental supply com-
ponents needing to keep 
rationing at a lower level and 
meeting the Need for Water in 
drought years could include:

The WSMP 2040 Portfo-
lio includes the following 
rationing, conservation, and 
recycled water goals.

Rationing of Up       
to 15%

Conservation  
Level D (39 MGD)

Recycled Water  
Level 3 (11 MGD)

Northern California 
Water Transfers

Bayside Groundwater 
Project Phase 2

Sacramento Basin 
Groundwater Banking /
Exchange

Regional Desalination

Expand Los Vaqueros  
Reservoir (160 TAF 
Expansion)

Enlarge Lower Bear 
Reservoir

San Joaquin Basin 
Groundwater Banking / 
Exchange
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Table 6-20: Summary of Capital, Operating and Maintenance, Dry Year Costs and Energy Use for 
Each WSMP 2040 Portfolio Element

Component1 Capital Cost 
(Mil. $)

O&M Cost  
($/MG)

Dry Year Cost 
per Acre Foot 

($/AF)

Energy Use  
(KWh/MG)

Conservation Level D $319.4 $474 $4,000 --

ConocoPhillips Recycled Water Project Phase 1 $39.8 -- $1,700 3,751

ConocoPhillips Recycled Water Project Phase 2 $2.9 -- $400 3,751

East Bayshore Recycled Water Project - Phase 1B 
Alameda $28.0 $987 $3,400 2,679

East Bayshore Recycled Water Project - Phase 2 
Future Expansion $9.4 $987 $2,600 2,679

Richmond Advanced Recycled Expansion (RARE) 
Water Project - Phase 2 -- $1,276 $5,606 1,400

Richmond Advanced Recycled Expansion (RARE) 
Water Project Future Expansion -- $1,221 $1,300 5,606

Reliez Valley Recycled Water Project $3.1 $2,807 $4,700 4,639

San Leandro Water Reclamation Facility Expansion 
Project - Phase 3 $16.3 $1,474 $5,300 2,509

San Ramon Valley Recycled Water Program - Phase 2 $5.0 $849 $1,600 4,265

San Ramon Valley Recycled Water Program - Phase 3 $5.5 $849 $1,900 4,265

San Ramon Valley Recycled Water Program - Phase 4 $2.5 $849 $1,600 4,265

San Ramon Valley Recycled Water Program - Phase 5 $5.4 $849 $2,700 4,265

San Ramon Valley Recycled Water Program - Phase 6 $4.0 $849 $2,900 4,265

Satellite Recycled Water Treatment Plant Project(s)2 $42.5 $574 $6,100 1,724

Lake Chabot Raw Water Expansion Project $4.7 $468 $1,800 1,051

Water Transfers3 $20.0-$200.0 $649 $630 5,217

San Joaquin Basin Groundwater Banking / Exchange $40.4 $1,051 $670 7,919

Enlarge Lower Bear Reservoir $12.1 $418 $840 3,038

Bayside Groundwater Project Phase 2 $35.4 $853 $890 4,719

Sacramento Basin Groundwater Banking / Exchange $25.0 $1,326 $1,250 8,895

Regional Desalination4 $79.3 $3,912 $1,970 11,000

1 Cost information for the 160 TAF Expand Los Vaqueros Reservoir component is not provided, as cost modeling was not 
performed as part of the revision of the WSMP 2040   
2 Four satellite projects were included in the 11 MGD level for a total of 0.71 MGD
3 Dry year yield ranging from 4.5-44.6 MGD   
4 The yield of the Regional Desalination component has been revised to 4 to 5 MGD since the 2009 WSMP 2040; however, all 
modeling results and cost estimates for this component were based on the yield assumption of 20 MGD

Source: WSMP Appendix D TM-6, sub-Appendix A: Cost Estimation Evaluation TM, September 30, 2008. 
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Executive Summary
Strategic Plan Objectives and Phasing
The District’s Water Use Efficiency (WUE) Program, which includes water 
conservation, water recycling, and desalination programs, reduces demand 
on existing imported and local water supplies and assist in meeting the District 
Board’s Ends Policies for water supply reliability, water conservation, and water 
recycling. These policies, in conjunction with the District’s 2003 Integrated Water 
Resources Planning Study (IWRP 2003) and the 2005 Urban Water Management 
Plan (UWMP 2005), require that:

In addition to these broad policy objectives, the District has established the 
following numeric targets for recycled water and conservation:

•	 Water recycling is to reach 5 percent of total water use or 19,100 acre-feet by 
2010 and 10 percent or 40,500 acre-feet by 2020.

•	 Water conservation is to achieve 98,500 acre-feet of water savings by 2030, 
consisting of:

 − 70,500 acre-feet from implementation of Best Management Practices 
(BMPs) and water use efficiency code requirements.1

 − 28,000 acre-feet above and beyond water savings from BMPs and water 
use efficiency code requirements, per the IWRP Study 2003 identification 
of “No Regrets” near-term reliability investments.

The Water Use Efficiency Strategic Plan (hereafter Strategic Plan) is intended to 
provide a blueprint for meeting these policy objectives and targets. 
Its purpose is to evaluate and recommend WUE measures for meeting District 
policy objectives and targets for water conservation, water recycling, and 
desalination; develop schedules for implementation; estimate costs; and identify 
protocols for monitoring and evaluating program performance over time. The 
plan will also aid the District in its response to the Governor’s call to achieve a 
20 percent reduction in per capita water use statewide by 2020. Additionally, 
it will provide the blue print for ensuring compliance with AB 1420 Demand 
Management Measure (DMM) implementation requirements for accessing state 
funding programs for urban conservation.

The Strategic Plan is being developed in two phases. Policies and measures for 
long-term water conservation and water shortage management are addressed in 
this, the Phase 1, report. Water recycling and desalination will be addressed in the 
Phase 2 report.

1 The Strategic Plan’s analysis of BMP implementation and water savings is based on BMP definitions and 
requirements as of July 2008. 
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Phase 1 of the Strategic Plan contains the following information:
•	 An overview of District water supplies, water demands, system characteristics, 

and water supply reliability, including near-term risks to the District’s imported 
water supply and the potential for near-term water shortages.

•	 A review of the District’s long-term water conservation policies, CEO 
Interpretations, and targets and shortage management policies.

•	 An overview of District conservation programs to date, including updated 
forecasts of water savings from past program implementation and the 
enactment of water use efficiency codes, and the need for additional 
conservation measures to achieve District long-term conservation targets.

•	 A least-cost plan for achieving the District’s long-term conservation targets, 
including level of program implementation, program schedule, estimated 
costs of proposed programs, and compliance with the Memorandum of 
Understanding Regarding Urban Water Conservation in California.

•	 An assessment of conservation programs and demand management policies/
strategies for temporary water shortages lasting up to three years, including 
estimated water savings potential, and expected costs to the District.

•	 A plan for monitoring and evaluating conservation program effectiveness, 
water savings, and costs, and adjusting implementation of conservation 
programs accordingly.

Immediate and Long-Term Water Supply 
Challenges
In an average year, about half of Santa Clara County’s water is drawn from 
local groundwater aquifers or rainwater captured in the district’s reservoirs. The 
balance originates hundreds of miles away - first as snow in the Sierra Nevada 
range of northern and eastern California, then as river water that empties into 
the Sacramento-San Joaquin River Delta. This imported water is brought into 
Santa Clara County through the State Water Project (SWP), the federal Central 
Valley Project (CVP), and San Francisco’s Hetch Hetchy system. While the county’s 
imported water supply has always been variable due to vagaries in weather and 
precipitation, recent decisions affecting current operations of CVP and SWP Delta 
facilities as well as long-term threats to these systems due to climate change and 
Delta levee fragility pose significant risks to the reliability of the county’s imported 
water supply.

In December 2007, a federal court imposed interim rules that will significantly 
restrict the operations of both the SWP and the CVP while a new federal 
biological opinion for Delta smelt is written in 2008. Specific pumping constraints 
in 2008 are dependent upon the behavior of the delta smelt and are therefore 
impossible to predict precisely. Preliminary modeling by the District has indicated 
that under median year hydrologic conditions Delta Smelt Interim Remedy actions 
could reduce the District’s combined CVP and SWP supplies by 5 to 20 percent, 
while under dry year conditions, supplies could be reduced by 2 to 24 percent.2

2 Board Agenda Memo, 2008 Water Supply Operations and Contingency Strategy, December 18, 2007.
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Figure ES1 shows DWR’s current estimate of how the court decision is expected 
to impact SWP deliveries over the next several years. Under the interim rules, 
SWP deliveries are expected to decrease 93 percent of the time, with an average 
decrease of approximately 15.6 percent. Impacts on CVP Delta exports are 
expected to be of similar magnitude.

Although the interim rules apply only while the new federal biological opinion for 
Delta smelt is being written, the new opinion may similarly impact the reliability 
of SWP and CVP exports. Moreover, recent sharp declines in other pelagic and 
salmonid fish populations in the Delta may result in further restrictions on water 
exports. Thus, Santa Clara County potentially faces the immediate and continuing 
loss of between 10 and 20 percent of its water supply in average water years 
because of more stringent regulations in the Delta. This water would need to be 
replaced by other sources of supply (e.g. local groundwater reserves, Semitropic 
banked groundwater) and demand management.

Figure ES1.  Impact of Federal Court Order on SWP Deliveries
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In addition to these immediate threats to its imported water supply, the District 
confronts a number of long-term risks to water supply reliability. New information 
on potential changes to the state’s water supply as a consequence of climate 
change as well as a better understanding of the vulnerability of Delta levees to 
flood and seismic events has led to DWR substantially reducing its long-term SWP 
reliability forecast. Additionally, resolution of OCAP salmonid litigation may result 
in additional Delta pumping restrictions. As shown in Figure ES2, under the new 
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forecast the long-term delivery capability of the SWP has been reduced 8 to 30 
percent from forecasts made as recently as 2005. The same forces impacting SWP 
long-term reliability are also expected to affect CVP delivery capability.

Additionally, recent developments in the SFPUC WSIP Program EIR process 
indicate that San Francisco may not meet forecasted 2030 purchase requests and 
therefore, SFPUC supplies in Santa Clara County would likely be below levels 
assumed in its most recent UWMP. Furthermore, SFPUC supplies to cities of San 
Jose and Santa Clara would likely continue to be temporary and interruptible 
after the contract renewal process is completed, which is expected to occur by 
June 2009. Any reductions in SFPUC supplies would likely result in increased 
demand and dependence on District supplies and increased groundwater 
pumping in Santa Clara Valley groundwater subbasin.

While imported supplies will continue to be an essential part of Santa Clara 
County’s water supply, the IWRP Study 2003 emphasized that investment in new 
local resources is needed to decrease vulnerability to risk and minimize dry-
year dependence on the Delta. Recent developments in the Delta have added 
urgency to this necessity. Conservation, water recycling, and desalination were 
identified as essential parts of a more diverse and flexible water supply for the 
long-term. These resources provide all-weather water supply for the County. Since 
all-weather supplies are available every year, they have the most predictability 
and certainty, and when combined with storage provide additional operational 
flexibility at reasonable cost. The best performing supply portfolios evaluated for 
IWRP Study 2003 included a combination of all-weather supplies, storage, and 
dry-year transfers. IWRP Study 2003 concluded all three types of supply would be 
necessary to work together in harmony to meet future water needs.
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Figure ES2.  Updated SWP Delta Table A Delivery Probability Under Future Conditions
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District Conservation Targets
The District, using 1992 as a baseline, has targeted baseline conservation water 
savings of 70,500 acre-feet by 2030 to be achieved through plumbing code 
requirements and District conservation programs. On top of the baseline target, 
the IWRP Study 2003 identified an additional 28,000 acre-feet of savings as part 
of the IWRP’s “No Regrets” reliability investments.

The combined water savings targets in five-year increments are shown in Table 
ES1. These targets include water savings from all conservation activity in the 
county from 1992 to each year indicated in the table.

By 2030, water savings from conservation programs are projected to be the third 
largest source of water supply in Santa Clara County in normal years, behind 
local supplies and CVP imported water. In multiple dry years, conservation water 
savings are expected to provide supply comparable to CVP imports – 98,500 acre-
feet versus 99,600 acre-feet. For a single-dry year, such as 1977, water savings 
from conservation would be the second largest source of water supply for the 
county.  Only supply from groundwater reserves are projected to provide more 
supply for a single critically dry year.
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Table ES1. District Water Savings Targets (1992 Baseline)

Year 2005 2010 2015 2020 2025 2030

2003 IWRP Baseline 
Conservation Program 
Savings (AF/Yr)

37,300 47,500 54,300 62,300 67,100 70,500

2003 IWRP “No Regrets” 
Conservation Savings (AF/
Yr)*

0 3,400 9,800 20,200 24,100 28,000

Total Target (AF/Yr) 37,300 50,900 64,100 82,500 91,200 98,500

*Note that the implementation schedule for “No Regrets” conservation has 
been somewhat modified from the schedule presented in the 2005 UWMP in 
order to lower program implementation costs.

Re-Estimation of Baseline Conservation Program Savings
The Strategic Plan re-estimated baseline water savings to ensure that baseline 
and “No Regrets” water savings forecasts were derived from the same basic 
assumptions and model parameters used to estimate water savings for the 
Strategic Plan. The cumulative effect of these adjustments was a slight decrease 
in the projected baseline water savings to approximately 70,000 acre-feet by 
2030. The adjustment to baseline water savings requires that the District generate 
an additional 28,500 acre-feet of “No Regrets” water savings by 2030 in order 
to reach its long-term savings target of 98,500 acre-feet -- 500 acre-feet more 
than the IWRP originally identified. Existing and new agricultural conservation 
programs are projected to provide up to 6,000 AFY by 2030. Urban conservation 
programs will need to provide the remaining 22,500 AFY, as shown in Table ES2.

Table ES2. Additional Urban Conservation Needed to Achieve District Target

Allocation of Long-Term Savings Target
2030 Water Savings

(acre-feet)

Re-Estimated Baseline Water Savings 70,000

“No Regrets” Conservation Increment

Existing and New Agricultural Programs 6,000

New Urban Conservation Programs 22,500

Total Savings/Long-Term Target 98,500

Achieving the Targets
Evaluation and Selection of Least-Cost Urban Conservation Programs
To identify least-cost “No Regrets” urban conservation programs for achieving the 
District’s conservation target, the Strategic Plan evaluated 61 different potential 
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conservation programs. These programs were first subjected to a qualitative 
screening analysis to assess their suitability in terms of implementation feasibility, 
measurability of savings, customer/stakeholder acceptability, consistency with 
existing District policies and programs, and anticipated water savings and program 
costs. The qualitative screening analysis eliminated 35 potential programs, leaving 
26 for detailed quantitative analysis.

Detailed analytic information was developed for each of the 26 remaining 
potential programs. This information included:

•	 The savings per unit (e.g. fixture, survey, participating customer, etc.) of 
program implementation, and the projected duration of those savings.

•	 The costs per unit that are incurred at the time of program entry (including 
administrative costs as well as customer rebates or other financial incentives), 
as well as ongoing per-unit and fixed annual costs that are expected to be 
incurred.

•	 Projected participation rates, that is, the number of units that are expected to 
enter the program each year.

•	 Expected rates of natural replacement and free-ridership.3

The data compiled for each potential program was then used with the American 
Water Works Association Research Foundation’s Benefit-Cost Model to forecast 
the annual savings and costs of each program. The projected savings and costs 
for each program were combined to calculate the unit cost associated with that 
program. The unit cost measures how much the utility pays for each acre-foot of 
savings generated by the program over its life cycle. Results of the analysis are 
shown in Table ES3.

Ranking the conservation measures from low to high cost then identified the least-
cost conservation plan. This process is depicted in Table ES3, where programs 
above the shaded region of the table represent the set of least-cost measures 
capable of achieving the long-term conservation target. The marginal cost of 
water savings, that is the cost of the last increment of water savings, in the plan, is 
$530/AF. The average unit cost across all programs included in the plan is $210/
AF.

Cost-Sharing Can Change the Mix of Conservation Measures
The unit costs in Table ES3 do not account for cost-sharing and grant funding, and 
thus some grant-funded programs currently operated by the District are not part 
of the least-cost set of “No Regrets” conservation programs. In general, programs 
that secure cost sharing will become part of the least-cost set of “No Regrets” 

3 Natural replacement reflects the effects of code requirements and/or market forces which results in a certain 
fraction of plumbing fixtures being replaced with water-conserving fixtures each year without utility intervention. 
Free riders are those customers who would have taken the conservation action targeted by the program 
without the program, but take advantage of the program’s financial incentives. While natural replacement and 
freeridership reduce the active savings that can be attributed to the utility conservation program, they result 
in physical water savings and thus contribute towards the District’s overall conservation targets. Their primary 
importance concerns the computation of costs and benefits of active conservation programs offered by the 
District.
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conservation programs listed in this report provided the cost-sharing results in a 
unit cost of $530/AF or less.

Long-Term Plan Annual District Costs
Annual District costs to implement the least-cost set of “No Regrets” urban 
conservation programs are estimated to average approximately $4.2 million per 
year (2007 constant dollars).4 Because this estimate does not assume any grant 
funding or cost-sharing, it constitutes an upper-bound annual cost for the long-
term plan. Approximately 39 percent of annual District expenditure for urban 
conservation would go to single-family residential programs, 26 percent would 
go to multi-family residential programs, and 35 percent would go to commercial, 
industrial, and institutional (CII) conservation programs.

2030 Estimated Water Savings
The least-cost set of “No-Regrets” urban conservation programs save 
approximately 24,200 AFY by 2030, about 1,700 AFY more than required 
assuming agricultural programs would save an additional 6,000 AFY. These water 
savings are incremental to the baseline water savings of 70,000 acre-feet. 

4 Cost estimates include all program-specific overhead and administration costs, but exclude fixed District 
staffing costs.
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Table ES3.  “No Regret” Urban Conservation Programs, Sorted from Low to High 
Cost*

Class 
of 

Service
Program

Unit 
Cost

($/AF)

B/C 
Ratio

2030 
Savings

(AF)

Cumulative 
Savings

(AF)

CII
Lndscp Budget - Mixed 
Meter**

$9 71.14 5,121 5,121

CII
Lndscp Budget – Ded. 
Meter**

$14 46.75 4,843 9,963

MFD
Submetering: Mobile 
Homes

$124 4.53 140 10,103

CII
Medical Sterilizers - 
Condensate

$134 4.59 140 10,244

SFD
WBIC Rebates for Lrg 
Lndscp

$157 3.65 1,233 11,477

CII
WBIC Rebates for Lrg 
Lndscp

$158 3.63 1,409 12,886

MFD
Irr. Equip. Rebate for New 
Constr.

$236 2.45 52 12,938

CII
Leak Det & Repair 
Incentives

$238 2.58 1,731 14,669

CII
Lg Lndscp Srvy & Equip. 
Rebate 

$259 2.22 603 15,272

SFD/
MFD

Lg Lndscp Srvy & Equip. 
Rebate

$263 2.19 302 15,574

CII Industrial Process $272 2.04 442 16,016

MFD
Submetering: New 
Construction

$285 2.23 94 16,110

CII
Medical Sterilizers - 
Ejector

$301 2.05 195 16,305

MFD HET Direct Install $381 1.63 2,165 18,470

MFD
Submetering: Existing 
Constr.

$398 1.61 1,292 19,762

CII
HET Install (high-use 
sectors)

$439 1.40 450 20,212

CII Clotheswasher Rebate $508 1.16 607 20,819

SFD HET Rebate $533 1.17 3,369 24,188

SFD
Irr. Equip. Rebate for New 
Constr.

$564 1.02 236 24,425
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Class 
of 

Service
Program

Unit 
Cost

($/AF)

B/C 
Ratio

2030 
Savings

(AF)

Cumulative 
Savings

(AF)

CII
HET Install (low-use 
sectors)

$933 0.66 582 25,007

CII Food Steamers $1,003 0.59 76 25,084

CII
Small Lndscp Equip. 
Rebate (excluding WBICs)

$1,015 0.57 66 25,149

CII
WBIC Rebates for Small 
Lndscp

$1,059 0.54 48 25,198

MFD
Washer Rebate: Common 
Area

$1,083 0.54 83 25,281

SFD Washer Rebate $1,220 0.48 1,061 26,342

CII Landscape Rebate $1,326 0.43 95 26,437

MFD Landscape Rebate $1,328 0.43 339 26,776

SFD Landscape  Rebate $1,710 0.34 644 27,420

MFD Washer Rebate: In-Unit $3,045 0.19 120 27,540

SFD
Small Lndscp Srvy & 
Equip. Rebate (including 
WBICs)

$4,622 0.12 58 27,598

*Programs above the shaded region constitute the least-cost set of programs 
capable of achieving the District’s long-term conservation target. Unit costs in 
the table do not account for cost-sharing and grant funding, and thus some 
grant-funded programs currently operated by the District are not part of the 
least-cost set of “No Regrets” conservation programs. In general, programs 
that secure cost sharing will become part of the least-cost set of “No Regrets” 
conservation programs listed in this report provided the cost-sharing results in a 
unit cost of $530/AF or less.
** Unit costs for landscape budgets are based on assumptions about unit costs, 
acres/site, usage per acre, and savings percentages developed by District 
landscaping consultants and result in very low cost water savings potential.

Shortage Management Policies and Conservation 
District shortage management response is linked to the end-of-year storage in 
our three local groundwater sub basins. End-of-year groundwater storage levels 
trigger increasing levels of shortage response. The level of response is expressed 
in terms of the acre-feet of supplemental water supply or demand management 
required to address the shortage. The indicated response is intended to be flexible 
and will be tailored to opportunities available at the time. Potential responses 
include: voluntary water use reduction/public outreach (including media 
campaigns, increased water conservation literature, conservation kit distribution, 
and residential surveys), followed by demand reduction measures or increased 
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supplies. The District’s shortage response action guidelines do not specify the form 
of the drought response. Annual decisions, including whether to participate in the 
water market or call for demand cutbacks, are made through annual operations 
planning.

The Strategic Plan evaluated potential demand management responses available 
to the District, savings potential of these responses, and their expected cost.

Demand management responses would be incremental to the implementation 
of long-term conservation programs previously described. The Strategic Plan 
considered three types of demand management response. These were:

•	 Use of Public Information and Outreach to Change Water Use Behaviors
•	 Acceleration of Long-term Conservation Programs; and
•	 Mandatory Restrictions and Price-Induced Conservation

Public Information and Outreach
Public information and outreach is typically one of the first responses implemented 
by the District when confronting a pending or existing water shortage. In the 
context of a water shortage, the District uses public information and outreach to 
alert the public to the need to reduce water use and to provide information and 
tips on how this can be accomplished at low cost and with minimal inconvenience.

The effectiveness of public information and outreach in addressing temporary 
shortages has proven hard to measure. Partly this is because public information 
and outreach is typically run concurrently with other demand management 
programs making it difficult to disentangle the various policies and programs 
affecting water use. Also, there is no one standard model for public information 
and outreach. Public information programs typically vary among water agencies in 
terms of structure, content, and funding.

Based on an extensive review of the literature (Syme, et al. 2000) and a 
behavioral response analysis, the Strategic Plan concluded that public information 
and outreach campaigns were most likely to result in short-term and mostly 
temporary water savings in the 5 to 10 percent range. While it is certainly possible 
that such campaigns could result in water savings in excess of 10 percent, limiting 
the assumed response to 10 percent was viewed as an appropriately conservative 
assumption for planning purposes.

Water savings potential from public information and outreach was found to 
depend to a significant degree on the level of investment in the campaign. 
Saturation messaging through mass media, especially television and radio, were 
shown to have the greatest impact on water use during shortages (Syme, et al. 
2000). Large-scale campaigns were generally more effective than smaller ones; 
repetitive messaging was more effective than infrequent messaging. Using an 
empirically derived relationship between public information expenditure and water 
demand (Mercer and Morgan, 1980), the Strategic Plan estimated the amount 
of water savings potential associated with increasing levels of expenditure for 
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public information aimed at reducing water demand. The results of this analysis 
were then checked against public water agency public information expenditure 
and water demand reductions observed during California’s 1987-92 drought and 
were determined to be within the plausible range of savings and costs. The results 
are shown in Table ES4.

Table ES4. Public Information and Outreach Shortage Management Response Cost 
and Water Savings

% Demand 
Reduction

Shortage
Starts in

2010

Shortage
Starts in

2020

Shortage
Starts in

2030

Expenditure
(mil. $/yr)

TAF
Expenditure
 (mil. $/yr)

TAF
Expenditure
 (mil. $/yr)

TAF

2.0%  0.79  7.1  0.87  7.6  0.99  8.5 

4.0%  1.07  14.2  1.20  15.3  1.37  17.0 

6.0%  1.36  21.3  1.53  22.9  1.75  25.5 

8.0%  1.64  28.4  1.86  30.5  2.14  33.9 

10.0%  1.92  35.5  2.19  38.1  2.52  42.4 

Acceleration of Long-Term Conservation Programs
In addition to investing more in public information/awareness campaigns, the 
District also can temporarily expand its long-term regional conservation programs 
during a water shortage. The Strategic Plan evaluated the potential water savings 
over three years from temporarily expanding a subset of conservation measures 
evaluated for the long-term plan. Because the availability of conservation 
measures changes over the planning period in response to implementation of 
measures to achieve the long-term conservation target, the analysis considered 
potential savings for 2010, 2020, and 2030. Analysis results were used to 
generate water shortage management supply curves, shown in Figure ES3.

The curves in Figure ES3 show the cumulative water savings over 3 years and 
associated District expenditure from accelerating the implementation of long-term 
conservation measures. The steeper, shorter curve for 2030 reflects the fact that 
by 2030 several of the lower-cost long-term measures have no remaining savings 
potential.
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Figure ES3.  Conservation Measure Water Shortage Supply Curves: 2010/2020 and 
2030
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Mandatory Restrictions and Price-Induced Conservation
The District is currently reviewing its authority to adopt ordinances, impose 
mandatory provisions restricting the wasteful use of water, or set or enforce 
consumption limits at the retail level. Because of uncertainty regarding the 
District’s ability to pursue these types of measures, the Strategic Plan did not 
consider per capita allotments, inclining-block rates, penalties, or incentives for 
demand reduction for any customer class. The development of such mechanisms 
is within the purview of cities, the County and the local retail water agencies. In 
the event of severe water shortage, the District will work with local retail water 
suppliers to establish water use reduction targets. By working closely with its retail 
water agencies, the District has effectively set and achieved up to 25 percent 
mandatory water use reduction levels in the past. This level of water savings 
from mandatory water use restrictions and pricing is consistent with savings from 
mandatory measures estimated by Hanemann and Nauges (2005), Renwick and 
Green (2000), and RAND (1996).

Summary of Conservation Response Potential for Shortage Management
Public information and outreach campaigns were found to be the most effective 
immediate demand management response to temporary water shortages in 
terms of both water savings potential and cost-effectiveness. Public information 
and outreach emphasizes changes in behavior to reduce water use. Effective 
messaging coupled with outreach programs (such as the residential survey 
program) can generate significant short-term reductions in demand at relatively 
low cost to the District. The demand reductions are driven primarily by changes 
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in behavior, most of which may involve added inconvenience and cost (e.g. 
damaged or destroyed landscaping) to water users. Experience with previous 
droughts suggests that demand is likely to rebound following the shortage as 
customers revert to pre-drought water using habits (e.g. longer showers, washing 
hard surfaces, more frequent or intensive landscape watering). Only a small 
fraction of the behavioral-based water savings achieved during a shortage are 
likely to persist over the long-term.

While accelerating water savings from long-term conservation measures to 
produce short-term water savings for shortage management is feasible, the 
water savings potential is not very great and the cost is high. These measures are 
primarily designed to improve the efficiency of water using fixtures, appliances, 
processes, and landscapes over a long period. Unlike behavioral responses, 
water savings from these measures are persistent and accrete to produce 
significant efficiency gains over the long run. However, a rapid expansion of these 
programs in response to a temporary shortage would require considerable District 
expenditure and would generate a limited amount of short-term water savings. 
For this reason, investment in these measures for shortage management should 
be pursued only if coupled to investment in public information and outreach.

Expected shortage response and cost of public information and outreach are 
summarized in Table ES5. Short-term savings potential and cost from accelerating 
long-term conservation programs are summarized in Table ES6.

Table ES5 shows the amount of water savings potential over a three-year 
shortage for varying levels of public information/outreach expenditure. For 
example, a cumulative reduction of 75 TAF over three years (or about 25 TAF/Yr) 
is projected to cost about $4.5 million in 2010. Achieving the same magnitude 
of savings in 2020 and 2030 is expected to cost more due to demand hardening. 
Table ES6 shows the same type of information, but for accelerating long-term 
conservation programs to increase water savings during a temporary shortage.
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Table ES5. Public Information/Outreach Shortage Response Water Savings and Costs

Cumulative Water 
Savings Over 3 

Years

3-Yr Cost to Achieve Cumulative Savings

Shortage Starts in
2010

Shortage Starts in
2020

Shortage Starts in
2030

(TAF) (Mil $) (Mil $) (Mil $)

15 2.1 2.3 2.5

30 2.7 2.9 3.2

45 3.3 3.6 3.8

60 3.9 4.2 4.5

75 4.5 4.9 5.2

90 5.1 5.5 5.9

105 5.7 6.2 6.6

120 * 6.8 7.2

135 * * 7.9

* Cumulative savings from public information/outreach capped at 10 percent of 
projected demand.

Table ES6.  Accelerated Long-Term Conservation Shortage Response Water Savings 
and Costs

Cumulative Water 
Savings Over 3 

Years

3-Yr Cost to Achieve Cumulative Savings

Shortage Starts in
2010

Shortage Starts in
2020

Shortage Starts in
2030

(TAF) (Mil $) (Mil $) (Mil $)

0.5 0.4 0.4 1.5

1.0 1.4 1.4 3.7

1.5 2.8 2.8 6.4

2.0 4.6 4.6 9.5

2.5 6.9 6.9 13.0

3.0 9.5 9.5 17.0

3.5 12.6 12.6 21.3

4.0 16.1 16.1 26.1

4.5 20.0 20.0 31.3

5.0 24.4 24.4 36.8
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Monitoring and Evaluation
To verify that water conservation efforts meet the 2003 IWRP and 2005 UWMP 
2030 goals of 98,500 acre-feet per year of water savings, water conservation 
staff will collect and document program activity levels for residential, commercial, 
industrial, institutional and agriculture sectors and update the Strategic Plan 
Active Water Savings Tables quarterly. In addition to monitoring active savings 
resulting from program activity levels, it is also necessary to continue to document 
passive savings in order to fully assess total water savings in Santa Clara County. 
District staff will collect and document annual passive water savings garnered by 
natural replacement, legislation, and municipal or county ordinances and update 
the Strategic Plan Passive Water Savings Tables. 

Strategic Plan Updates
Water conservation staff will update the least cost program implementation plan 
on a five-year cycle. This update will include the introduction of new water saving 
technologies and their associated costs and savings. The update will also include 
program activity data that may verify or alter assumptions made regarding 
selected least-cost plan programs water savings or costs.
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I Introduction

The Santa Clara Valley Water District (District) is the primary water resources 
agency for Santa Clara County, California. It acts not only as the county’s water 
wholesaler, but also as it’s flood protection agency and is the steward for its 
streams and creeks, underground aquifers and District-built reservoirs.
As the county’s water wholesaler, the District makes sure there is enough clean, 
safe water for homes and businesses. As the agency responsible for local flood 
protection, the District works diligently to protect Santa Clara Valley residents 
and businesses from the devastating effects of flooding. The District’s stream 
stewardship responsibilities include creek restoration and wildlife habitat projects, 
pollution prevention efforts and a commitment to natural flood protection.

The District’s water conservation, water recycling, and desalination programs 
reduce demand on existing imported and groundwater supplies and assist in 
meeting the District Board’s Ends Policies for water supply reliability, water 
conservation, and water recycling. These policies, in conjunction with the District’s 
2003 Integrated Water Resources Planning Study (IWRP 2003) and the 2005 
Urban Water Management Plan (UWMP 2005), require that:

•	 Water conservation is implemented to the maximum extent that is practical;
•	 Water recycling is expanded within Santa Clara County in partnership with the 

community; and
•	 A variety of water supply sources, including conservation, recycling, and 

desalination, are available to minimize risk.

In addition to these broad policy objectives, the District has established the 
following numeric targets for recycled water and conservation:

•	 Water recycling is to reach 5 percent of total water use or 19,100 acre-feet by 
2010 and 10 percent or 40,500 acre-feet by 2020. 

•	 Water conservation is to achieve 98,500 acre-feet of water savings by 2030, 
consisting of:

 − 70,500 acre-feet by 2030 from implementation of Best Management 
Practices (BMPs) and water use efficiency code requirements.1

 − 28,000 acre-feet above and beyond water savings from BMPs and water 
use efficiency code requirements, per the IWRP Study 2003 identification 
of “No Regrets” near-term reliability investments.

The Water Use Efficiency Strategic Plan (hereafter Strategic Plan) is intended to 
provide a blueprint for meeting these policy objectives and targets. Its purpose 
is to evaluate and recommend WUE measures for meeting District policy 

1 This report uses the terminology “water use efficiency codes” to refer to state and federal laws affecting the 
water use efficiency of toilets, urinals, showerheads, and other water using devices and appliances. The Strategic 
Plan’s analysis of BMP implementation and water savings is based on BMP definitions and requirements as of July 
2008.
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objectives and targets for water conservation, water recycling, and desalination; 
develop schedules for implementation; estimate costs; and identify protocols for 
monitoring and evaluating program performance over time.

1.1. Strategic Plan Phasing
The Strategic Plan is being developed in two phases. Policies and measures for 
long-term water conservation and water shortage management are addressed 
in this, the Phase 1, report. Water recycling and desalination will be addressed in 
the Phase 2 report. Phasing of the Strategic Plan is being done for two reasons.

First, there is an immediate need for analysis of near-term conservation and 
shortage management measures that could help the District manage possible 
water shortages stemming from federal court imposed interim rules for water 
flows in the Sacramento-San Joaquin River Delta (hereafter Delta) that are 
expected to significantly impact the District’s SWP and CVP water supplies in 
2008 and possibly for many years thereafter. Responding to this immediate need, 
the District chose to prioritize the development of the conservation component 
of the Strategic Plan over the development of the recycling and desalination 
components.

Second, information needed for the water recycling and desalination components 
of the Strategic Plan was not available in time for the Phase 1 report. The 
District’s Water Recycling & Desalination Program consists of infrastructure type 
projects (e.g. recycled water pipelines or facilities, desalination pilot plants), water 
quality projects (e.g. monitoring for water quality parameters), and institutional 
arrangements (e.g. recycled water incentive agreements). These efforts are 
conducted sometimes solely to meet District needs or in partnership with other 
recycled water producers and water agencies in this region.

In the case of recycling, the District is currently considering a more robust, 
long-term recycled water partnership agreement. The District and City of San 
Jose established a Joint Committee to review and attempt to reach consensus 
and provide direction to District and City staff on a number of issues, including 
recommended form of partnership between the District and the City, roles and 
responsibilities relative to existing South Bay Water Recycling distribution system, 
roles, responsibilities, cost share, and ownership of future advanced treatment 
facilities, and rates for recycled water. Because the outcome of these deliberations 
may significantly reshape investment, oversight and management of recycled 
water projects in Santa Clara County, strategic planning for recycling must wait 
for further resolution of these key issues.

In the case of desalination, the District, in partnership with other Bay Area water 
agencies, has initiated investigations into the feasibility and cost-effectiveness 
of a large-scale regional desalination facility. These investigations will produce 
a range of information needed for desalination strategic planning, including the 
viability of a complex regional project in which stakeholders have different needs, 
priorities, and constraints; an assessment of site and infrastructure conguration 
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options based on environmental, permitting, cost and design implications; a scope 
of work for detailed environmental analysis for a full-scale regional facility; and 
information on the costs and benefits of a centralized regional project. Phase 2 of 
the Strategic Plan will commence upon completion of these key investigations and 
studies.

1.2. Organization of the Phase 1 Report
Phase 1 of the Strategic Plan is organized into nine sections, including this 
introduction. The remaining sections of the Phase 1 report cover the following:

•	 Section 2 provides an overview of District water supplies, water demands, 
system characteristics, and water supply reliability, including near-term risks 
to the District’s imported water supply and the potential for near-term water 
shortages;

•	 Section 3 reviews the District’s long-term water conservation policies and 
targets and defines shortage scenarios for evaluation of demand management 
measures that could help the District manage possible water shortages 
resulting from drought, regulatory restrictions on Delta operations, or natural 
or human-caused disruption of water supply infrastructure.

•	 Section 4 gives an overview of District conservation programs to 
date, including updated forecasts of water savings from past program 
implementation and the enactment of water use efficiency codes, and need for 
additional conservation measures to achieve District long-term conservation 
targets.

•	 Section 5 presents the evaluation of current and proposed conservation 
measures, including estimated near- and long-term water savings, measure 
costs, and measure cost-effectiveness.

•	 Section 6 develops the Long-Term Conservation Plan, and covers the 
District’s long-term conservation targets; conservation measures, level 
of implementation, schedule to achieve long-term conservation targets; 
estimated costs of proposed measures; and compliance with the Memorandum 
of Understanding Regarding Urban Water Conservation in California 
(hereafter MOU).

•	 Section 7 covers recommended conservation measures and shortage 
management policies for one- and three-year shortage scenarios, estimated 
water savings, and expected costs to the District, the District’s retailers, and 
end users.

•	 Section 8 discusses monitoring and evaluation of conservation program 
effectiveness, water savings, and costs.

•	 Section 9 describes the process for updating the Near- and Long-Term 
Conservation Plans over time and in the light of new information and changed 
circumstances. 
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•	2 Overview of District Service Area, 
Water Supplies, and Demands

2.1. Section Introduction
Santa Clara County is home to a dynamic economy and approximately 1.8 million 
people. The county’s economy provides almost 30 percent of all the jobs in the 
Bay Area. Nicknamed “Silicon Valley,” historically about one of every five of the 
county’s jobs was in high technology. Beginning more than a century ago with 
the county’s roots in agriculture to its present-day position as the world’s leading 
center of high technology, a clean, reliable, and affordable water supply has been 
one of the key ingredients to the region’s success.

In this section of the Strategic Plan, the District’s service area, water supplies, 
projected water demands, and supply-demand balances for normal, dry, and 
multiple dry years as presented in its 2005 UWMP are reviewed. Following 
this review, immediate and longer-term challenges confronting the District’s 
imported water supply are discussed along with the broad approaches – including 
conservation, recycling, and desalination -- laid out by the UWMP and IWRP 2003 
for addressing these challenges.

2.2. Service Area Description
The District has a diverse mix of water supplies and a strong commitment to water 
use efficiency. The District’s water supply system is a complex interdependent 
system comprised of storage, conveyance, treatment, and distribution facilities 
that include water treatment plants, local reservoirs, recharge ponds, canals, 
groundwater subbasins, imported water supply facilities, and raw and treated 
water conveyance facilities. The District supplies water to local water retail 
agencies, which in turn provide it to their customers in Santa Clara County.

The District owns and manages 10 local surface reservoirs with a total storage 
capacity of 170,000 acre-feet, manages the county’s groundwater subbasins and 
recharge facilities, operates three water treatment plants, imports water from 
the Central Valley Project (CVP) and the State Water Project (SWP), and delivers 
recycled water to parts of the county. 

The District encompasses all of the county’s 1,300 square miles and serves the 
area’s 15 cities, more than 1.8 million residents and 200,000 commuters. The 
District sells both treated water and groundwater to 13 local water retail agencies 
that serve communities within the county and has primary responsibility for the 
management of the county’s groundwater subbasins used by private well owners.

2.3. District Water Sources, Yields, and Reliability
Since 1989, when the last of the three District water treatment plants came on 
line, the various sources of water for Santa Clara County have remained relatively 
constant as a percentage of total supply, as illustrated in Figure 1. Groundwater 
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represents the biggest share of total use, ranging from 41 to 51 percent of 
total water use. Treated water represents the second largest share from 30 to 
38 percent of total water use. SFPUC supplies (from the Hetch Hetchy system) 
represent the third largest share ranging from 16 to 19 percent of total water use. 
Other sources not shown in the figure include recycled water (less than 3 percent) 
and other local surface water (non-District 4 to 5 percent).

While the distribution of these sources has remained relatively constant over the 
past 15 years, it may not be representative of future years. Several important and 
sometimes dynamic factors play a role in affecting the use of a particular water 
source. Hydrology is probably the most important and dynamic of these factors. 
In subsequent dry years, there may be less imported and local surface water to 
distribute to the treatment plants and thus groundwater use may increase.

Figure 1.  Santa Clara County Major Water Supply Sources
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2.3.1. Groundwater Supplies
Groundwater supplies about half of the county’s water use during average 
years and nearly all of the water demand in south Santa Clara County. The 
District’s active conjunctive water management program uses surface water in 
conjunction with groundwater to optimize the use and management of water 
supply sources. Surface water is treated for distribution (reducing direct demands 
on groundwater) and is also banked in local subbasins through managed 
recharge so that groundwater can be withdrawn when needed. Conjunctive use 
also helps protect local groundwater subbasins from overdraft, land subsidence, 
and saltwater intrusion and provides critical groundwater storage reserves for 
use during droughts or outages. Conjunctive use management is an important 
tool that allows the groundwater basin to be pumped more in drier years and 
then replenished (or recharged) during wet and average years. Groundwater 



7P H A S E  O N E

Water Use Efficiency Strategic Plan| SEPTEMBER 2008  

is replenished both naturally from rainfall and augmented by District-operated 
recharge facilities and streams.

2.3.2. Imported Water Supplies
Imported water comes to the county from Northern California watersheds via the 
Sacramento-San Joaquin Delta. The State Water Project (SWP) and the Central 
Valley Project (CVP) deliver this water. Imported water is conveyed to Santa 
Clara County through two main conveyance facilities: the South Bay Aqueduct, 
which carries SWP water from the South Bay Pumping Plant; and the Santa Clara 
Conduit and Pacheco Conduit, which bring CVP water from the San Luis Reservoir. 
The San Francisco Public Utilities Commission conveys its water into Santa Clara 
County and other counties through its own facilities.

The amount of imported water available to Santa Clara County varies due to 
natural fluctuations in precipitation as well as changing water quality and ESA 
requirements in the Delta. In average water years, Santa Clara County imports 
about 260,000 acre-feet of water. However, during a prolonged dry period, such 
as occurred between 1987 and 1992, imported water may fall to 75 percent of its 
normal year average. In a critically dry year, such as 1977, imported water may 
drop to about 50 percent of its normal year average.

Table 1 summarizes the contract amount, historic normal year, multiple dry year, 
and single dry year for each of the three sources of imported water for the county 
based on 2005 system conditions.

Table 1. Santa Clara County Imported Water Supplies (AF/Yr)

Source
Contract
Amount

Normal Year
(1985)

Multiple Dry 
Years

(1987-1992)

Single Dry Year
(1977)

SWP 100,000 83,000 42,000 5,000

CVP 152,500 114,400 99,600 83,600

SFPUC N/A 60,000 48,000 45,000

Uncertainty of imported water can be expressed in terms of exceedance 
probabilities, which measure the likelihood of imported water deliveries given 
historic hydrology and current Delta export capability and regulation. Figure 2 
shows exceedance probability curves estimated by the IRWP Study 2003 for the 
District’s CVP and SWP supplies. The curves show that about 90 percent of the 
time SWP and CVP water deliveries are predicted to be less than the District’s full 
contractual entitlement of 252,500 acre-feet. The curves also show SWP and CVP 
deliveries are expected to drop below 80 percent of contractual entitlement about 
30 percent of the time, and below 40 percent of contractual entitlement about 10 
percent of the time. The District conducts similar analysis of Hetch Hetchy imports 
for planning and operational purposes.
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The exceedance probabilities shown in Figure 2 are based on historic hydrology 
and Delta operating conditions at the time the curves were generated. As 
conditions in the Delta change and as hydrology deviates from historic patterns 
(for example, because of climate change), the exceedance probabilities will 
change. As will be discussed subsequently, both recent developments in the Delta 
and long-term changes in climate are expected to reduce the reliability of Santa 
Clara County’s imported water supply from what is depicted in Figure 2.

Figure 2.  Exceedance Probability for CVP and SWP Supply
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2.3.3. Non-District Local Supplies
Other agencies in the county also develop water locally. The San Jose Water 
Company (SJWC) and Stanford University both hold surface water rights. 
Stanford’s local water development is small. SJWC, however, has developed an 
average yield of 9,500 acre-feet from diversions and storage in the Upper Los 
Gatos Creek watershed and a run-of-the-river treatment facility on Saratoga 
Creek. These projects are considered part of the local surface water supply 
available to the county.

2.3.4. Recycled Water and Desalination
Recycled water is a local water source developed by the county’s four wastewater 
treatment plants. The District works with the wastewater authorities in the county 
through partnerships to promote water recycling through financial incentives 
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and technical assistance. Water recycling involves the collection of wastewater 
discharged within the county, treating and purifying the water to the standards 
set forth by the California Department of Health Services (DHS), and using the 
recycled water for non-potable uses in lieu of potable supplies. All recycled water 
used in Santa Clara County is tertiary treated recycled water, which means it has 
undergone three stages of treatment. The second stage of treatment is sufficient 
for landscape irrigation according to DHS. In Santa Clara County recycled water 
providers go above that standard, and provide a higher quality of recycled water. 
In FY 07/08 approximately 16,700 acre-feet of non-potable recycled water was 
used in the county thereby conserving potable supplies.

The District is committed to meet the District Board’s recycled water targets of 
5 percent of total water use or 19,100 acre-feet by 2010 and 10 percent or 
40,500 acre-feet by 2020. Projections from the county’s recycled water producers 
based on existing and planned recycled water projects are for 31,200 acre-feet 
of recycled water by the year 2030, indicating a need to develop an additional 
9,300 acre-feet of recycled water in order to meet the 2030 target. The District 
is considering options for additional recycling to meet the target, including 
advanced recycled water treatment for groundwater recharge and stream flow 
augmentation.

While desalination is not part of Santa Clara County’s current water supply mix, 
the IWRP Study 2003 identified it as a potential future source of water for the 
region that would provide supply diversification and dry-year reliability. Two 
feasibility studies, addressing desalination of bay water and desalination of 
brackish groundwater, are underway.

Approaches to achieving the District’s recycled water objectives and targets, as 
well as other strategies involving desalination, will be evaluated in the Strategic 
Plan’s Phase 2 report.

2.4. Service Area Water Demands
As part of the 2005 UWMP the District updated the water 
demand forecast from the IWRP Study 2003. The updated water 
demand projection for the county is based on the most current 
demographic projections available by census tract at the time the 
analysis was performed (ABAG Projections 2005). The exception 
to this is the demand projections for the specific common SFPUC 
customers that are based upon the 2003 SFPUC Demand Study 
Report. In that study, ABAG 2002 projections were used for the 
end use model developed for SFPUC by URS Corporation. In 
order to ensure consistency with the District’s overall demand 
projections, the SFPUC projections for the common SFPUC 
customers were compared to the District projections using ABAG 
Projections 2005. The District demand projection for the common 
SFPUC customers and all the retailers as a whole was within an 
acceptable tolerance of 1 percent.

Figure 3. Water Use Distribution 
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2.4.1. Water Use by Sector
Currently, District records show that the water use in the county is about 91 
percent municipal and industrial (M&I) and about 9 percent agricultural.

The estimated breakdown by M&I sector, based on water retailer sales data, is 
shown in Figure 3. Among M&I water users, the residential sector is the largest 
user of water in Santa Clara County, accounting for 59 percent of M&I water 
demand. The business sector, which includes commercial, industrial, institutional, 
and government water uses, accounts for 35 percent of demand. Landscape 
served with dedicated meters accounts for the remaining 6 percent of M&I 
demand. Because water used to irrigate most landscape in the county is delivered 
through mixed-use meters, the fraction of total M&I water used for landscape 
irrigation is much larger than suggested by Figure 3. Typically, half or more of 
residential water use is for landscape and other outdoor uses. In the commercial, 
institutional, and government sectors a quarter to half of all water use is typically 
for landscape irrigation.

2.4.2. Water Use Forecast
Table 2 tabulates M&I and agricultural water demand projections as well as the 
projected water savings from conservation programs, as reported in the 2005 
UWMP. The year 2000 was used as the base year for UWMP demand and water 
conservation projections. Because conservation water savings from 1992-2000 
are already incorporated into year 2000 water use they are not included in 
the table’s water savings projection to avoid double counting. This causes the 
projected water savings in Table 2 to appear to be less than the District’s 2030 
conservation target discussed in Section 1 – 74,200 acre-feet versus 98,500 
acre-feet. The difference, 24,300 acre-feet, is the estimated water savings from 
conservation during the period 1992-2000.

Overall, countywide water demand is projected to increase by about 70,000 acre-
feet (af) or 18 percent over the next 25 years, even with increases in new water 
conservation efforts. Demand with conservation programs in place in 2030 is 
projected at approximately 450,000 acre-feet.
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Table 2. 2005 UWMP Water Demand and Conservation Projections (AF/Yr)

Year 2005 2010 2015 2020 2025 2030

M&I Demand 360,600 385,200 414,600 441,400 466,600 492,400

Ag. Demand 30,000 30,000 30,000 30,000 30,000 30,000

Baseline
Conservation 
Programs

(13,000) (23,200) (30,100) (38,000) (42,800) (46,200)

IWRP Study 2003
“No Regrets” 
Conservation

(9,300) (18,600) (28,000) (28,000) (28,000)

Total Conservation* (13,000) (32,500) (48,700) (66,000) (70,800) (74,200)

Net Demand 377,600 382,700 395,900 405,400 425,800 448,200

*Because conservation water savings from 1992-2000 are already incorporated into 
year 2000 water use they are not included in the table’s water savings projection to 
avoid double counting.  This causes the projected water savings in Table 2 to appear 
to be less than the District’s 2030 conservation target discussed in Section 1 – 74,200 
acre-feet versus 98,500 acre-feet.  The difference, 24,300 acre-feet, is the estimated 
water savings from conservation during the period 1992-2000.

2.5. Normal and Dry Year Supply-Demand Balance
Table 3 shows the UWMP’s projected 2030 supply-demand balance for normal 
year, multiple dry year, and single dry year conditions. By 2030, water savings 
from conservation programs are projected to be the third largest source of water 
supply in Santa Clara County in normal years, behind local supplies and CVP 
imported water. In multiple dry years, conservation water savings are expected to 
provide supply comparable to CVP imports – 98,500 acre-feet versus 99,600 acre-
feet. For a single-dry year, such as 1977, water savings from conservation would 
be the second largest source of water supply for the county. Only supply from 
groundwater reserves are projected to provide more supply for a single critically 
dry year.

Table 3 illustrates the key role water conservation is expected to play in providing 
long-term supply reliability to Santa Clara County. Absent the projected water 
savings from conservation, the County would need approximately an additional 
100,000 acre-feet of firm water supply to avoid water shortages in most years. 
As will be discussed in the following section, immediate risks to the County’s 
imported CVP and SWP water supplies may require immediate investments in 
conservation as well.
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Table 3. 2005 UWMP Year 2030 Supply Demand Comparison Normal, Dry, and 
Multiple Dry Years (1)

Normal Year
Multiple Dry 

Years
Single Dry 

Year

SWP 83,000 42,000 5,000

CVP 114,400 99,600 83,600

Local Supplies 115,500 100,100 64,300

Recycled Water (1) 31,200 31,200 31,200

SFPUC (2) 73,000 58,400 54,700

New Supplies - IWRP Framework 31,100 13,700 0

Semitropic 0 27,200 23,200

Groundwater Reserves 0 76,000 186,200

Total Supply 448,200 448,200 448,200

Demand w/o Consv (3) 546,700 546,700 546,700

Supply – Demand -98,500 -98,500 -98,500

Demand w/ Consv (4) 448,200 448,200 448,200

Supply - Demand 0 0 0

Notes:
(1) Adapted from Tables 6-2, 6-3, and 6-4 in the 2005 UWMP.
(2) Recycled water projections based on estimates provided by county recycled 
water producers, not Board Ends Policy targets.
(3) Assumes SFPUC’s Regional Water Supply Improvement Plan completed by 
2015.
(4) For comparison with Table 2 the 1992-2000 conservation savings of 24,300 
acre-feet should be subtracted from these amounts.
(5) Includes baseline conservation  and additional 28,000 acre-feet from IWRP 
Study 2003 “No Regrets” conservation building block.

2.6. Supply Reliability Challenges Confronting District
In a normal year, half or less of Santa Clara County’s water is drawn from local 
groundwater aquifers or rainwater captured in the district’s reservoirs. The 
balance originates hundreds of miles away - first as snow in the Sierra Nevada 
range of northern and eastern California, then as river water that empties into the 
Sacramento-San Joaquin River Delta. As previously described, this imported water 
is brought into the county through the SWP, the CVP, and San Francisco’s Hetch 
Hetchy system.

While the county’s imported water supply has always been variable due 
to vagaries in weather and precipitation, recent decisions affecting current 
operations of CVP and SWP Delta facilities as well as long-term threats to these 
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systems due to climate change and Delta levee fragility pose significant risks to 
the reliability of the county’s imported water supply.

2.6.1. Immediate Risks to Santa Clara County 
Imported Water

In December 2007, a federal court imposed interim rules that will significantly 
restrict the operations of both the SWP and the CVP while a new federal 
biological opinion for Delta smelt is written in 2008. The California Department 
of Water Resources (DWR) has estimated that if 2008 is a dry year, SWP customers 
will receive seven to 22 percent less Delta water than would have been available 
without the court decision. If 2008 is an average water year, exports will be 
reduced 22 to 30 percent.1 Figure 4 shows DWR’s current estimate of how the 
court decision is expected to impact SWP deliveries in the near-term. Under the 
interim rules, SWP deliveries are expected to decrease 93% of the time, with an 
average decrease of approximately 15.6 percent.2 Impacts to CVP Delta exports 
are expected to be of similar magnitude.

Although the interim rules apply only while the new federal biological opinion for 
Delta smelt is being written, the new opinion may similarly impact the reliability 
of SWP and CVP exports. Moreover, recent sharp declines in other pelagic and 
salmonid fish populations in the Delta may result in further restrictions on water 
exports. Thus, Santa Clara County potentially faces the immediate and continuing 
loss of between 10 and 20 percent of its water supply in normal water years 
as a consequence of more stringent regulations in the Delta.3 This water would 
need to be replaced by other sources of supply (e.g. local groundwater reserves, 
Semitropic banked groundwater) and demand management.

1 This report uses the terminology “water use efficiency codes” to refer to state and federal laws affecting the 
water use efficiency of toilets, urinals, showerheads, and other water using devices and appliances. The Strategic 
Plan’s analysis of BMP implementation and water savings is based on BMP definitions and requirements as of 
July 2008.

2 The average decrease was approximated by multiplying the probabilities in Figure 2 by the mid points of the 
corresponding ranges of change in annual SWP delivery. The maximum decrease and increase in delivery were 
assumed to be 50 and 10 percent, respectively.

3 Estimate based on 2010 water supply projections listed in Table 6-2 of the 2005 UWMP and assuming SWP 
and CVP exports are curtailed by between 22 and 30 percent in normal water years, per DWR estimates.
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Figure 4.  Impact of Federal Court Order on SWP Deliveries
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2.6.2. Long-Term Risks to Santa Clara County  
Imported Water

Competing beneficial uses, varying weather patterns, and complex statewide and 
Delta operations, regulations and institutional issues historically have shaped 
long-term reliability of Santa Clara County’s imported water. In the last 15 years, 
major changes have been made in operating the SWP and CVP as a result of 
State Water Resources Control Board regulations to protect Delta water quality, 
and as a result of required actions under the Endangered Species Act to protect 
and restore endangered and threatened fish species. These regulations have 
required substantial increases in Sacramento Valley stream flows and Delta 
outflow, as well as reduced Delta exports at certain times of the year. Over the 
next several decades reliability of Santa Clara County’s imported water may 
erode further as a result of global warming, growing risk of levee failure in the 
Delta, more stringent water quality standards, and the uncertain fate of CALFED 
program improvements such as the Banks Pumping Plant expansion.

As a result of recent developments in the Delta, new information on climate 
change impacts, and a better understanding of the vulnerability of Delta levees 
to flood and seismic events, DWR has substantially lowered its 2005 estimate of 
long-term SWP reliability. As shown in Figure 5, under the new forecast the long-
term delivery capability of the SWP has been reduced 8 to 30 percent from the 
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2005 forecast.4  The same forces impacting SWP long-term reliability are also 
expected to affect CVP delivery capability.

Recent developments in the SFPUC WSIP Program EIR process indicate that San 
Francisco may not meet forecasted 2030 purchase requests and therefore, SFPUC 
supplies in Santa Clara County would likely be below levels assumed in its most 
recent UWMP. Furthermore, SFPUC supplies to cities of San Jose and Santa Clara 
would likely continue to be temporary and interruptible after the contract renewal 
process is completed, which is expected to occur by June 2009. Any reductions 
in SFPUC supplies would likely result in increased demand and dependence 
on District supplies and increased groundwater pumping in Santa Clara Valley 
groundwater subbasin.

Figure 5.  Updated SWP Delta Table A Delivery Probability Under Future Conditions
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While imported supplies will always be an essential part of Santa Clara County’s 
water supply, the IWRP Study 2003 emphasized that investment in new local 
resources is needed to decrease vulnerability to risk and minimize dry-year 
dependence on the Delta. Recent developments in the Delta have added urgency 
to this necessity. Conservation, water recycling, and desalination were identified 
as essential parts of a more diverse and flexible water supply for the long-
term. These resources provide all-weather water supply for the County. Since 
all-weather supplies are available every year, they have the most predictability 
and certainty, and when combined with storage provide additional operational 

4 Delivery amounts shown in Table 3 are for the entire SWP, not only Santa Clara County.
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flexibility at reasonable cost. The best performing supply portfolios evaluated for 
IWRP Study 2003 included a combination of all-weather supplies, storage, and 
dry-year transfers. IWRP Study 2003 concluded all three types of supply would be 
necessary to meet future water needs.

2.6.3. Addressing Immediate and Long-term Risks 
to Supply Reliability

IWRP Study 2003 proposed a three-pronged approach to addressing the 
immediate and long-term risks to imported water supplies. The approach can be 
summarized as:

•	 Secure the Baseline
•	 Invest in “No Regrets” Projects to Improve Near-term Reliability
•	 Develop Flexible Options for the Long-term

Securing the baseline involves taking action to protect imported water supplies 
by working to resolve contract and policy issues, supporting Bay-Delta system 
improvements, resolving the San Luis Reservoir low-point problem, and 
supporting SFPUC efforts to implement a Regional Water System Improvement 
Program. Securing the baseline also involves expanding management and 
conjunctive use of Santa Clara County groundwater basins, which provide almost 
half the water supply to the County.

Investing in “No Regrets” projects means identifying and implementing cost-
effective, environment-friendly, and flexible projects that can address near-
term supply shortfalls and contribute toward long-term reliability goals. Such 
projects were termed “No Regrets” because their implementation is unlikely to 
be regretted later. IRWP Study 2003 called for the following three near-term “No 
Regrets” investments: 

•	 28,000 acre-feet of additional annual savings from municipal, industrial, and 
agricultural conservation to be fully realized by 2020.5 

•	 20,000 acre-feet of additional groundwater recharge capacity. 
•	 60,000 acre-feet of additional capacity in the Semitropic Water Bank

Lastly, the District committed itself to developing a more diverse and flexible 
supply portfolio for the long-term. While the District currently benefits from 
a relatively diverse water supply, it continues to pursue local options, such 
as expanded conservation, groundwater recharge, expanded groundwater 
emergency pumping, water recycling, desalination, and local and regional 
storage to promote greater resource diversity. Pursuing such supply diversity 
helps to minimize risk by reducing the reliance on imported supplies, which are 
becoming increasing vulnerable to risks from global warming, levee failure in 
the Delta, more stringent water quality standards and ESA protections, and the 

5 The Strategic Plan modified the implementation schedule for “No Regrets” conservation due to cost 
considerations.  The revised schedule generates 20,200 acre-feet of savings by 2020 and 28,500 acre-feet by 
2030.
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fate of CALFED program improvements, such as expansion of the Banks Pumping 
Plant. Adding new local water resources to the District’s supply mix diminishes the 
exposure of Santa Clara County’s overall water supply portfolio to these risks.

2.7. Water Use Efficiency’s Role in Meeting  
District Reliability Objectives

The water conservation, water recycling, and desalination programs in the 
District’s Water Use Efficiency (WUE) Program reduce demand on existing imported 
and groundwater supplies and assist the District in meeting its Board Ends Policy 
for water supply reliability, water conservation, and water recycling. The District 
Board’s policies, in conjunction with the IWRP Study 2003 and the 2005 Urban 
Water Management Plan (UWMP), require that:

•	 Water conservation is implemented to the maximum extent that is practical
•	 Water recycling is expanded within Santa Clara County in partnership  

with the community
•	 A variety of water supply sources are available to minimize risk

Conservation and recycling are part of the District’s baseline supply. The District 
expects to have saved 42,000 acre-feet per year by 2007 and 70,500 acre-feet 
per year by 2030 from both passive and active water conservation. Recycled 
water use as established in Board Policy is to reach 5 percent of total water use or 
19,100 acre-feet by 2010 and 10 percent or 40,500 acre-feet by 2020. Current 
projections from existing recycled water facilities total 31,200 acre-feet per year 
by 2030. The District is exploring options for additional recycling to meet the 
Board targets including advanced recycled water treatment and use of that water 
for groundwater recharge and stream flow augmentation to further expand water 
recycling within Santa Clara County.

As discussed in the previous section, the IWRP Study 2003 identified an additional 
28,000 acre-feet in conservation water savings by 2020 as a “No Regrets” 
investment in near-term reliability. This savings would be in addition to the 
baseline conservation savings of 70,500 acre-feet by 2030, thus bringing total 
conservation savings to 98,500 acre-feet by 2030.
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3 Water Conservation Policies and Targets

3.1. Section Introduction
The District has been and continues to be a leader in 
water conservation with programs that are innovative and 
comprehensive in scope. As one of the initial signatories to 
the California Urban Water Conservation Council’s (CUWCC) 
1991 Memorandum of Understanding Regarding Urban 
Water Conservation in California (MOU), the District is 
committed to the implementation of both the wholesale and 
retail agency Best Management Practices (BMPs) shown in 
Sidebar 1.

Besides meeting long-term water reliability goals, water 
conservation programs help meet short-term demands 
placed on supply during critical dry periods. The District’s 
IWRP Study 2003 identified a diversified water portfolio as an 
important element in meeting long-term water reliability, and 
recommends local programs such as water conservation to 
diversify future investments.

This section of the Strategic Plan summarizes the 
District’s water conservation policies and targets as well 
as conservation’s role in managing water shortages as 
envisioned by the District’s Water Shortage Contingency Plan.

3.2. Conservation Policies
District objectives and policies with respect to long-term 
water conservation and shortage management are embodied 
in various District policy statements and planning documents. 
At the broadest level, District Ends Policy 2.1.8 requires that:

•	 Water Conservation is implemented to the maximum 
extent that is practical.

The District interpretation of this policy statement requires 
that: 1

•	 District conservation programs, projects and activities are 
implemented consistent with the most recent update of the District’s Urban 
Water Management Plan; and

•	 Water conservation is promoted through District incentives, disincentives and 
in partnership and collaboration with local land-use entities to the maximum 
extent that is practicable in major new developments.

1 Governance Policies of the Board, Chapter V, CEO Interpretations.

MOU Best Management Practices

BMP 1 (Retail) 
Residential Surveys

BMP 2 (Retail) 
Residential Plumbing Retrofit

BMP 3 (Retail & Wholesale)
 System Water Audits, 

Leak Detection and Repair
BMP 4 (Retail & Wholesale)  

Metering with Commodity Rates
BMP 5 (Retail) 

Large Landscape Conservation  
Programs and Incentives

BMP 6 (Retail)
High Efficiency Washing Machine  
Rebate Programs

BMP 7 (Retail & Wholesale) 
Public Information Programs

BMP 8 (Retail & Wholesale) 
School Education Programs

BMP 9 (Retail) 
Conservation Programs for  
Commercial, Industrial,  
and Institutional Accounts

BMP 10 (Wholesale) 
Wholesale Agency  
Assistance Programs

BMP 11 (Retail) 
Conservation Pricing

BMP 12 (Retail & Wholesale) 
Conservation Coordinator

BMP 13 (Retail) 
Water Waste Prohibitions

BMP 14 (Retail) 
Residential Toilet  
Replacement Programs
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The 2005 UWMP, the most recent update of the District’s UWMP, commits the 
District to implementing, in partnership with the county’s retail water agencies, 
the 14 BMPs contained in the MOU. As the water wholesaler for Santa Clara 
County, the District is directly responsible for implementing six of the BMPs (see 
Sidebar 1). The other BMPs apply to retail water agencies. However, at the request 
of its retailers, the District has taken the lead in implementing many of these 
retail BMPs through regional umbrella programs in which the county’s retailers 
participate.

3.3. Long-Term Conservation Water Savings Targets
The District, using 1992 as a baseline, has targeted baseline conservation 
water savings of 70,500 acre-feet by 2030 from both passive and active water 
conservation. Passive water savings are water savings from water use efficiency 
codes that would be realized over time regardless of District or retail water agency 
conservation programs. Active water savings are water savings from conservation 
programs, such as the BMPs, implemented by the District and its retailers. On top 
of the baseline target, the IWRP Study 2003 identified an additional 28,000 acre-
feet of savings by 2020 as part of the “No Regrets” reliability investments.1

The combined water savings targets in five-year increments are show in Table 4. 
These targets are for both passive and active water savings from all conservation 
activity in the county from 1992 to each year indicated in the table.

Table 4. District Water Savings Targets (1992 Baseline)

Year 2005 2010 2015 2020 2025 2030

2003 IWRP Baseline 
Conservation Program 
Savings (AF/Yr)

37,300 47,500 54,300 62,300 67,100 70,500

2003 IWRP “No Regrets” 
Conservation Savings (AF/
Yr)*

0 3,400 9,800 20,200 24,100 28,000

Total Target (AF/Yr) 37,300 50,900 64,100 82,500 91,200 98,500

*Note that the implementation schedule for “No Regrets” conservation has 
been somewhat modified from the schedule presented in the 2005 UWMP in 
order to lower program implementation costs.

3.4. Shortage Management Objectives
The District’s Water Shortage Contingency Plan describes actions that the District 
may take should water shortages occur. The current Water Shortage Contingency 
Plan derives from the District’s April 2000 Draft Drought Management Plan.

The Strategic Plan is not intended to supplant or revise the District’s existing 
Water Shortage Contingency Plan. Rather, the objective of the Strategic Plan, 

1 The Strategic Plan modified the implementation schedule for “No Regrets” conservation due to cost 
considerations. The revised schedule generates 20,200 acre-feet of savings by 2020 and 28,500  
acre-feet by 2030.



21P H A S E  O N E

Water Use Efficiency Strategic Plan| SEPTEMBER 2008  

as it relates to shortage management, is to identify, quantify, and cost short-
term demand management measures that could be implemented as part of the 
District’s response to a water shortage. District responses to water shortages 
will be tailored to opportunities available at the time of the shortage. Potential 
responses include: voluntary water use reduction/public outreach (including 
media campaigns, increased water conservation literature and conservation kit 
distribution), followed by demand reduction measures or increased supplies.

The District’s shortage response action guidelines do not specify the form of the 
drought response.  Annual decisions, including whether to participate in the 
water market or call for demand cutbacks, are made through annual operations 
planning. However, the District has developed response thresholds based on 
the end-of-year groundwater basin carryover storage level. These response 
thresholds, shown in Table 5, indicate the magnitude, in acre-feet of additional 
water supply or demand reduction, of shortage response required.

In Section 7 of this report, potential demand management responses, water 
savings, and costs for shortage management are presented. This information 
is presented in the form of demand management shortage response curves for 
2010, 2020, and 2030. These curves show the relationship between the amount 
of demand management achievable and the cost of achieving it. Response 
curves for the three periods were developed because the availability and cost 
of conservation measures change over the planning period in response to 
implementation of measures to achieve the long-term conservation water savings 
target. In essence, as one moves forward into the future, fewer conservation 
measures are available for management of emergency shortages because they 
have already been implemented as part of the long-term conservation plan. This 
dynamic affects both the cost and savings potential of conservation measures for 
shortage management.
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Table 5. Shortage Response Action Guidelines2

Level

Expected End-of-
Year Groundwater 
Basin Carryover 
Storage (TAF)

Response
Demand percent 
assuming 400 
TAF Demand

-- 350 to 530 No Action -

1 320 to 350

Continue 
to monitor. 
Appropriate 

response (if any) to 
be determined

-

2 270 to 320
Implement 50 TAF 

response
12.5%

3 220 to 270
Implement 100 TAF 

response
25.0%

4 170 to 220
Implement 150 TAF 

response
37.5%

5 120 to 170
Implement 200 TAF 

response
50.0%

6 50 to 120
Implement 270 TAF 

response
62.5%

2  The Shortage Response Action Guidelines are undergoing review by the District.  Analysis for the Strategic 
Plan is based on the current guidelines as shown in the table.
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4 Overview of Current Conservation Programs

4.1. Section Introduction
As discussed above, the District has been implementing water conservation 
programs for many years. In addition to the District’s extensive conservation 
programming efforts, code and market changes have caused many customers to 
install water-efficient fixtures and appliances. The conservation that results from 
these latter causes is termed ‘naturally-occurring’ or ‘passive’ conservation. This 
section of the Strategic Plan will describe the District’s conservation efforts to date 
and the estimated water savings that have resulted from those efforts and from 
the naturally-occurring conservation that has occurred to date.

4.2. Historical Program Implementation
Every year, the District publishes its Water Use Efficiency Program Year End Report, 
which describes in detail the progress of the District’s conservation programming 
efforts and the participation rates in each program. For each program that the 
District has implemented between the 1992-93 and 2006-07 fiscal years, Table 6 
shows the annual participation rates. This table illustrates the aggressive nature of 
the District’s efforts to date.

4.3. BMP Implementation and Compliance
The District is an original signatory of the MOU and has supported 
implementation of the 14 BMPs throughout Santa Clara County. As the 
water wholesaler for Santa Clara County, the District is responsible for the 
implementation of six of the BMPs (see Sidebar 1). It currently complies with each 
of these BMPs.1 The District has also taken the lead in implementing many of the 
other BMPs for both the water retail agencies that are MOU signatories and those 
that are not.

A result of the District’s proactive approach to retail BMP implementation has been 
a high level of retail BMP compliance at the county level. Table 7 shows the level 
of retail BMP compliance when assessed on a countywide basis. In several cases, 
District programs have propelled the county past MOU coverage requirements. 
This is the case for the multi family survey component of BMP 1, BMP 6 high 
efficiency clothes washer rebates, the CII toilet replacement component of BMP 
9, and BMP 14 residential toilet replacement programs. The District’s single-
family residential survey program (BMP 1) has achieved a 76% compliance 
rate on a countywide basis. Likewise, its CII programs have achieved a 74% 
compliance rate with the BMP 9 water savings target. The county may have met 
the showerhead saturation requirement for BMP 2, though this would need to be 
confirmed through new surveys.2  While countywide compliance with BMP 5 (large 

1 As determined by the CUWCC through its BMP Reporting Database BMP Coverage Reports

2 The requirement to distribute low flow showerheads ends when the region achieves 75 percent saturation in 
pre-1992 residential construction.  Surveys completed in 2003 showed saturation in Santa Clara County could 
be as high as 59 percent at a 95 percent level of statistical confidence and ±10 percent margin of error.  The 
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landscape water conservation surveys and budgets) is currently low, the District 
is taking actions to change this. The District is in the process of implementing a 
comprehensive program for ETo- based water-use budgets for all large landscape 
sites by using aerial images and GIS techniques. The project acquired multi-
spectral images of over 900 square miles of Santa Clara County, performed 
image analysis to identify the areas of turf, other landscaping, water features, 
bare ground and hardscape for each parcel (site) and prepared a database 
of these areas to support landscape water budgets. The District will routinely 
update each budget using ETo data from the California Irrigation Management 
Information System (CIMIS) so that the budgets reflect actual site irrigation 
demands during the most recent billing cycle. Concurrently, the District is 
developing a database-backed website (Water Budget Manager) to deliver real-
time landscape water budget information to property and landscape managers 
via the internet. By offering monthly water budgets to all large landscape sites in 
the county the District will move the county into compliance with BMP 5.

It is important to note that the District is not obligated under the terms of the 
MOU to provide this level of assistance to its retail water customers. Rather, 
it reflects the District’s historic commitment to the BMPs, its desire to help its 
retailers comply with the terms of the MOU, and the importance it assigns to local 
water supply development and demand management to diversify the County’s 
water supply portfolio.

likelihood that a new survey with the same statistical confidence level as the 2003 survey, as prescribed by the 
MOU, would show compliance with BMP 2 is quite high.
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PROGRAMS 1992-93 1993-94 1994-95 1995-96 1996-97 1997-98 1998-99 1999-00 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07 To-Date

Water Wise House Call: Audits 
SFD

377 771 1019 2125 2530 1567 1043 781 864 11,077

Water Wise House Call: Audits 
MFD

495 957 555 3273 958 824 2490 1130 1257 11,939

Showerhead Distribution 28000 13071 8785 7286 5429 4762 14688 7366 7243 13696 8025 6060 4495 2136 4366 135,408

Aerator Distribution 3040 6393 4540 6548 3388 9190 22463 17275 10095 6005 4189 11581 104,707

Residential Clothes Washer 
Rebates

21 306 2541 5345 4889 5011 6176 8942 8718 7737 9219 9433 68,338

SFD ULFT Rebate 2073 5802 12279 14755 12936 10719 17522 17750 93,836

MFD ULFT Rebate 7936 3669 3920 2837 6235 8968 19840 7871 683 61,959

CII ULFT Rebate Program 34 0 159 749 1067 2531 1362 139 112 35 6,188

SFD ULFT Distribution 2659 10957 158 13,774

MFD ULFT Distribution 1978 1030 3 3,011

SFD ULFT Full Install Program 975 11371 3711 11295 286 8572 6161 7846 50,217

MFD ULFT Full Install Program 1641 10899 15 1245 2641 4782 21,223

CII ULFT Full Install Program 460 799 1427 274 36 2,996

SFD HET rebate 24 63 135 375 597

MFD HET Rebate 0 1 11 27 39

HET Install Program for MFDs 1344 1,344

CII HET Install Program 989 1192 1793 3,974

CII HE Urinal Valve Retrofits 78 78

Mobile Home Submeter 
Installation Program 

754 754

Water Softener Rebate Pilot 211 189 400

Water Softener Rebate Full 
Scale and SCRWA

40 10 50

Weather Based Controller Pilot 
Installation Program

125 51 176

Weather-Based Controller 
Installation Program

28 217 245

Weather-Based Controller 
Rebate Program

0

Water-Efficient Landscape 
Rebate (started as Pilot)

14 41 55

Irrigation Hardware Rebate 
Program (Resi)

0 0

Irrigation Hardware Rebate 
Program (CII)

2 2

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

69 78 71 33 61 76 64 47 81 72 63 70 67 852

WET: Rebates for process, 
technologies (#s)

7 10 7 4 10 5 0 10 10 6 2 71

WET: New annual savings 
(CCF/yr)

27,399 91,476 101,973 59,573 86,358 20,024 0 69,007 94,035 22,330 3,664

WET: Savings per facility (afy) 9 21 33 34 20 9 0 13 22 9 4

Pre-Rinse Spray Valve 
Installation Program

588 577 1503 1431 4,099

CII Washers 11 283 535 581 379 424 223 215 2,651

CII Surveys 26 18 12 45 101

Medical Equipment Rebates 0 3 3

Irrigation Tech Assistance to 
Large Landscapes

Table 6. Conservation Programs: Historical Participation Rates
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Table 7. Countywide MOU Compliance by BMP

BMP BMP Name
Coverage Requirement thru 

2006/071

% of 
Coverage 

Attained thru 
2006/072

1
Residential 

Surveys

SF: 33,000 76%3

MF: 16,000 114%

2
Residential 

Plumbing Retrofits
Showerheads: 219,000 62%

3*
System Water 
Audits & Leak 

Repair

Annually complete pre-screen system 
audit; complete full audit whenever 
indicated by a pre-screening audit.

100%

4*
Metering with 
Volume Rates

Meter all customer connections 100%

5
Large Landscape 

Programs

Surveys: 3,000 28%

Water Budgets: 90% of dedicated 
irrigation meter accounts in County 

(approx. 4,600 accts.)
0%

6
Clothes Washer 

Rebates
29,000 Rebate Points 236%

7* Public Information
Implement a public information program 

to promote water conservation and 
water conservation related benefits

100%

8* School Education
Implement a school education program 

to promote water conservation and 
water conservation related benefits.

100%

9 CII Conservation

CII Water Savings Target: 8,378 AFY 74%

CII Toilets: 3% of savings potential by 
2003/04

166%

10*
Wholesale 

Agency Assistance
Provide financial and technical support 
to retail water agencies in service area

100%

11
Conservation 

Pricing
Applies only to Retail Water Suppliers NA

12*
Conservation 
Coordinator

Maintain the position of conservation 
coordinator and provide support staff as 

necessary
100%

13
Water Waste 
Ordinance

Adopt ordinances to prevent waste of 
water by retail water users

NA

14
Residential Toilet 

Replacement 
Programs

37,700 AF cumulative water savings by 
2008

167%
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BMP BMP Name
Coverage Requirement thru 

2006/071

% of 
Coverage 

Attained thru 
2006/072

* BMP applies to wholesale water agencies.
1. Coverage requirements determined using the CUWCC BMP Coverage 
Calculator Version 1.7.
2. % of coverage attained thru 2006/07 based on implementation data in 
Table 6, CUWCC BMP coverage compliance reports for SCVWD, and program 
descriptions contained in the District’s 2005 UWMP.
3. % of coverage includes residential surveys completed by San Jose Water 
Company as well as SCVWD surveys.

4.4. Naturally Occurring Conservation
Water demands in Santa Clara County have not only been reduced as a result of 
the District’s own conservation programs, but also due to water savings that are 
associated with code- and market-driven forces. California urban water agencies, 
including the District, spearheaded many of these code requirements and market 
transformations through early adoption of technologies and support for key 
legislation.

Since 1992, water use efficiency codes have limited the replacement of several 
types of fixtures to water-efficient fixtures. These include:

•	 Toilets
•	 Showerheads
•	 Faucet aerators

In addition, while there are as yet no similar codes governing the replacement of 
residential clothes washers, it is assumed that a small percentage of replacements 
will in fact be water (and energy) efficient due to market forces.

Thus, when a conventional model of any of these fixtures reaches the end of 
its useful life or is replaced for another reason, the replacement will be water-
efficient. As will be shown below, this ‘natural turnover’ of fixtures makes an 
important contribution to the District’s overall water conservation savings. 

The magnitude of the passive toilet savings is slated to increase due to the recent 
enactment of Assembly Bill 715. AB 715 mandates that, beginning in 2010, a 
portion of toilet replacements will be with so-called High Efficiency Toilets (HETs) 
rather than with the Ultra-Low-Flush Toilets (ULFTs), which have been mandated 
since 1992. This HET requirement will cover all toilet replacements beginning in 
2014. Thus, beginning then, the savings associated with each toilet replacement is 
estimated to be 25% larger than the corresponding ULFT replacement. As will be 
discussed below, the advent of this new water-saving technology is also reflected 
in the future conservation programming being recommended by this Strategic 
Plan.
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4.5. Estimated Water Savings from Historical Program 
Implementation and Naturally-Occurring 
Conservation

The District’s conservation target in 2030 is 98,500 acre-feet, relative to a 1992 
baseline. This target includes savings due to programmatic and passive savings 
in both existing and new construction. It includes two components: (1) baseline 
savings and (2) a ‘No Regrets’ increment. The 2003 IWRP estimated baseline 
water savings of 70,500 acre-feet by 2030 (see Table 4).

The Strategic Plan re-estimated baseline water savings to ensure that baseline 
and “No Regrets” water savings forecasts were derived from the same basic 
assumptions and model parameters, and to eliminate potential double counting 
of savings from certain programs.  Re-estimation of baseline savings resulted in 
several adjustments, as follows:

•	 Baseline savings associated with toilet replacement programs were increased 
for two reasons: 

 − The implementation of AB 715, which would result in natural replacement 
of conventional toilets with HETs rather than ULFTs. It would also lead 
to the natural replacement of already-installed ULFTs with HETs. Per 
the legislation, this change is phased in beginning in 2010, with full 
implementation expected by 2014. 

 − The second, and larger, adjustment modifies the per-toilet savings 
to conform with the CUWCC BMP Cost & Savings Study, which are 
considerably larger than the savings assumptions originally used.

•	 Baseline savings associated with new (post-2007) activity from already 
existing conservation programs were removed to avoid overlap with the 
savings associated with activity from the new programs being proposed in 
this Strategic Plan. By so doing, the base was confined to savings due to 
past District programs, natural replacement, and new construction. All of the 
savings from additional activity from already existing programs as well as from 
new programs are thus reflected in the increment of savings beyond the base.

•	 Baseline savings associated with historical pre-rinse spray valve replacement 
programs, which were not reflected in the original base, were added to the 
base savings forecast.

The cumulative effect of these adjustments was a slight decrease in projected 
baseline savings to approximately 70,000 acre-feet by 2030, a difference of 
about 500 acre-feet. Table 8 shows projected base savings for years 2010, 2020, 
and 2030. Each year’s savings is broken into the portion due to the District’s 
historical conservation programming and the portion associated with natural 
replacement.



29P H A S E  O N E

Water Use Efficiency Strategic Plan| SEPTEMBER 2008  

Table 8. Projected Water Savings Due to Past Conservation Programs and Naturally-
Occurring Conservation (1992 Baseline)

End Use

2010 Water Savings
(Acre-Feet)

2020 Water Savings
(Acre-Feet)

2030 Water Savings
(Acre-Feet)

Total Program Passive Total Program Passive Total Program Passive

Residential Toilets 26,330 5,837 20,492 35,913 5,837 30,076 40,899 5,837 35,062

Residential Washers 1,306 718 588 1,163 473 689 1,091 350 742

Residential Showers 6,175 353 5,822 7,046 353 6,693 7,218 353 6,866

Residential Faucets 3,736 113 3,622 3,966 113 3,852 3,968 113 3,855

Residential Leaks 1,481 1,481 -- 2,335 2,335 -- 2,796 2,796 --

Residential 
Landscape

591 591 -- 1,015 1,015 -- 2,245 2,245 --

CII (excluding toilets) 4,139 4,139 -- 2,076 2,076 -- 1,118 1,118 --

CII Toilets 5,618 196 5,421 7,867 196 7,671 8,929 196 8,733

Agricultural 1,000 1,000 -- 1,000 1,000 -- 1,000 1,000 --

Pre-Rinse Spray 
Valves

752 -- 752 752 -- 752 752 -- 752

Total* 51,125
14,428 
(28%)

36,697 
(72%)

63,131
13,398 
(21%)

49,733 
(79%)

70,018
14,008 
(20%)

56,010 
(80%)

* Significant passive water savings have accrued since 1992.  Most of this savings is associated with the 
replacement of existing inefficient toilets with ULFTs and the installation of ULFTs in new construction.
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4.6. Additional Conservation Needed to Achieve 
District Target 

With baseline savings of approximately 70,000 acre-feet by 2030, the District will 
need to develop an additional 28,500 acre-feet of “No Regrets” water savings 
by 2030 in order to reach its long-term savings target of 98,500 acre-feet -- 500 
acre-feet more than the IWRP identified.

Previous analysis by the District has indicated that 6,000 acre-feet of savings 
would come from expansion of its current agricultural conservation program, 
leaving a residual of 22,500 acre-feet to come from new urban conservation 
programs.  The revised 2030 baseline savings and division of “No Regrets” 
savings between agricultural and urban conservation programs are summarized in 
Table 9.

Table 9. Additional Urban Conservation Needed to Achieve District Target

Allocation of Long-Term Savings Target
2030 Water Savings

(acre-feet)

Re-Estimated Base Water Savings 70,000

“No Regrets” Conservation Increment

 Continuation of Existing Agricultural Program 6,000

 New Urban Conservation Programs 22,500

Total Savings/Long-Term Target 98,500
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5 Evaluation of Potential Urban Conservation 
Programs 

5.1 Section Introduction
To develop the mix of long-term urban conservation programs capable of 
producing 22,500 acre-feet of water savings by 2030, the District undertook a 
detailed evaluation of existing and new urban conservation programs. This section 
describes the process of identifying and evaluating these programs. This process 
included several steps:

•	 Identify universe of potential programs.
•	 Conduct qualitative screen of potential programs.
•	 Perform detailed economic analysis of programs that pass the qualitative 

screen.

The remainder of this section will discuss each of these steps in detail.

5.2 The Universe of Potential Urban Conservation 
Programs

Tables 10 and 11 show, respectively, the potential changes in existing programs, 
and the new programs that were considered by the Strategic Plan. These lists were 
intended to be all-inclusive so that all possibilities could be assessed. For each 
technology for which the District currently has one or more programs, Table 10 
shows potential enhanced programming that was considered by the evaluation. 
For those technologies for which the District does not currently have a program, 
Table 11 suggests potential new programs.

A total of 61 different measures were identified, including:

•	 13 measures affecting water use by single-family residences
•	 17 measures affecting water use by multi-family residences
•	 29 measures affecting commercial, industrial, and institutional water uses
•	 2 measures affecting system efficiency and retailer rates

5.2.1 Ordinances and Regulatory Codes
It should be noted that the evaluation did not address the many potential 
conservation ordinances that might be implemented in Santa Clara County. This 
includes ordinances requiring particular conservation measures both for new 
construction and upon resale of existing construction. As a wholesale supplier, the 
District does not have the authority to enact such ordinances. Rather, they would 
have to be legislated by cities or the county. The exclusion of these measures 
therefore does not indicate their lack of importance but, rather, the legal and 
institutional constraints faced by the District. The District and its retail agencies 
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may want to consider working with cities and the county to add such ordinances 
to the county’s menu of conservation programs.

Table 10. Universe of Potential Changes to Current Urban Conservation Programs

Category Technology
Current or Past 

Programs
Potential Program Changes

SF Interior 
Existing 

Construction 

Clothes 
Washers

Rebates

Add salesperson incentives

Limited-term higher rebates *

Retrofit on Resale (ROR) 
ordinance

Toilets HET Rebates

Limited-term higher rebates *

Potential joint direct install 
program with PG&E. 

Direct Distribution Program 
(schools, special events, etc.)

SF Exterior 
Existing 

Construction

Landscape 
Design

Rebates

Broader set of efficient design 
rebates (not just cash-for-grass)

Enhanced enforcement of 
Model Efficient Landscape 

Ordinance.

Irrigation 
hardware

ITAP surveys
Irrig. Hardware 

rebates
WBIC rebates

Integrate two rebates

MF Interior 
Existing 

Construction

Clothes 
Washers

Rebates
Add salesperson incentives

Limited-term higher rebates *

Water 
softeners

Rebate
Operating restrictions, 
replacement incentives

Toilets
HET Rebates
HET Install

Direct Distribution Program 
(schools, special events, etc.)

Limited-term higher rebates *

MF Interior 
Existing 

Construction

Clothes 
Washers

Rebates
Add salesperson incentives

Limited-term higher rebates *

Water 
softeners

Rebate
Operating restrictions, 
replacement incentives

Toilets
HET Rebates
HET Install

Direct Distribution Program 
(schools, special events, etc.)

Limited-term higher rebates *
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Category Technology
Current or Past 

Programs
Potential Program Changes

MF Exterior 
Existing 

Construction

Landscape 
Design

Rebates

Broader set of efficient design 
rebates (not just cash-for-grass)

Enhanced enforcement of 
Model Efficient Landscape 

Ordinance.

Irrigation 
hardware

ITAP surveys
Irrig. Hardware 

rebates
WBIC rebates

Integrate two rebates

CII Interior 
Existing 

Construction

Toilets HET Install Target high-use industries *

Urinals Valve Retrofit Direct installs 

Cooling 
towers

Rebates
Technical support & site 
inspections. Mandatory 

standards

Clothes 
washers

Rebates

Re-examine rebate structure 

Piggyback onto existing energy 
utility program(s). 

Focus on industrial laundries

Process WET Rebates

Increase rebates

Tie to CII surveys

Enhanced marketing

Various Surveys

Target industries with high 
savings potential.

Tie to WET

CII Exterior 
Existing 

Construction

Irrigation 
hardware

ITAP surveys
Irrig. Hardware 

rebates
WBIC rebates

Integrate two rebates

Make available to smaller 
acreage (< 1 acre) w/o ITAP 

requirement

LAMS Water budgets
Link water budgets to financial 

incentives

* May be most appropriate for short-term use.
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Table 11. Universe of Potential New Urban Conservation Programs

Category Technology Delivery Mechanism

SF Interior Existing 
Construction 

Hot water recirculation Rebate

SF Interior New 
Construction

Hot water recirculation Rebate

Clotheswashers Rebate

HET Rebate

SF Exterior Existing 
Construction

Pool covers
Education Campaign

Rebate

Grey water Rebate

SF Exterior New 
Construction

Irrigation Rebate

Design Rebate

Grey water Rebate

MF Interior Existing 
Construction

Hot water recirculation Rebate

Submetering Rebate

MF Interior New 
Construction

Water softeners Rebate

Hot water recirculation Rebate

Clotheswashers Rebate

Submetering Rebate

HET Rebate

MF Exterior Existing 
Construction

Pool covers
Education Campaign

Rebate

Grey water Rebate

MF Exterior New 
Construction

Irrigation Rebate

Design Rebate

Grey water Rebate
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Category Technology Delivery Mechanism

CII Interior Existing 
Construction

Hot water recirculation Rebate

Car wash recirculation Rebate

Dishwashers Rebate

Medical sterilizers Rebate

Food steamers Rebate

Cooling, refrigeration, ice 
makers

Rebate

CII Interior New 
Construction

Water softeners Rebate

Hot water recirculation Rebate

Clotheswashers Rebate

HET Rebate

Dishwashers Rebate

Medical sterilizers Rebate

Food steamers Rebate

Faucets (IR, spring-loaded) Rebate

CII Exterior Existing 
Construction

Landscape design Rebate

Pool covers
Education Campaign

Rebate

Grey water Rebate

CII Exterior New 
Construction

Irrigation Rebate

Design Rebate

Grey water Rebate

Metering
Financial incentive 
to install dedicated 
irrigation meters..

Miscellaneous

Distribution System
Retailer incentives for 

leak detection & repair

Rates
Advice & tech assistance 

to retailers
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5.3 Qualitative Screen of Potential Urban 
Conservation Programs

The programs listed in Tables 10 and 11 were subjected to a multi-criteria 
qualitative screen. The screening process was designed to identify those programs 
that were most appropriate for the District, which would then be analyzed in 
detail. For this purpose, six criteria were identified:

1. Implementation feasibility .  Are the administrative, staffing, billing, 
institutional, legal, and/or political difficulties associated with implementing 
the program acceptable?

2. Ability to quantify savings .  Can future program savings be forecast with a 
sufficient degree of certainty? Is the savings forecast sufficiently reliable?

3. Customer/stakeholder acceptability .  Will the program be acceptable to 
District customers and/or other key program stakeholders?

4. Utility match .  Is the technology well matched to the customers, appliance 
stocks, climate, building stock, and/or other characteristics of the service 
territory? (This criterion is only applicable to potential new programs.)

5. Relationship to other programs .  Does the program duplicate, conflict 
with, and/or break continuity with other existing or proposed conservation 
programs?

6. Anticipated water savings and costs .  Are the expected water savings from 
the program too small and/or the costs too large to make the program viable?

District staff evaluated each potential program against all of these criteria on 
a five-point scale (where 5 was the most favorable rating). A program was 
eliminated if at least two criteria were rated a ‘2’ or at least one criterion had a 
rating of ‘1’.  Staff then carefully examined the programs that passed the screen, 
and modified some of them to better conform to District experience. 

The programs that emerged from this process are those whose potential savings 
and costs were examined in detail to determine how best to achieve the District’s 
long-term conservation targets. The qualitative screen reduced the universe of 
conservation programs from 61 to 26.  Table 12 summarizes the programs passing 
the qualitative screen. The detailed analysis of these programs and its results are 
described in the next section.

The results of the qualitative screen are presented in Appendix A.
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Table 12. Conservation Programs Passing Qualitative Screen

Category Technology Program to be Evaluated 

SF Interior
Clothes Washers Rebates

High-Efficiency Toilets Rebates

SF Exterior: Large 
Landscapes 

Landscape Design Rebates
Irrigation Equipment  Surveys and Rebates

Weather-Based Irrigation 
Controllers

Rebates for Large Landscapes

SF Exterior: Small 
Landscapes

Irrigation Equipment and 
WBICs

Rebates

SF Exterior: New 
Construction

Irrigation Equipment Rebates

MF Interior 

Clothes Washers: In-Unit Rebates
Clothes Washers: Common 

Area
Rebates

High-Efficiency Toilets Direct Installation

Submetering
Rebates for Existing and New 

Construction and Mobile Homes

MF Exterior 
Landscape Design Rebates

Irrigation Equipment Rebates for New Construction

CII Interior

High Efficiency Toilets Direct Installation
Clothes Washers Rebates
Industrial Process Rebates
Medical Sterilizers Rebates

Various Surveys
Food steamers Rebates

CII Exterior

Landscape Design Rebates

Irrigation Equipment
Surveys and Rebates for Large 

Landscapes
WBICs Rebates for Large Landscapes

Irrigation Equipment Rebates for Small Landscapes
WBICs Rebates for Small Landscapes

Various
Informational Budgets for Large 
Landscapes with Mixed Use and 

Dedicated Meters

Distribution System Leak Detection & Repair Incentives to Retail Agencies

5.4 Detailed Program Evaluation
Based on a search of the literature, studies by other water agencies, and 
the experience of the District, assumptions were developed for the following 
parameters for each program:
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•	 The savings per unit (e.g. fixture, survey, participating customer, etc.) of 
program implementation, and the projected duration of those savings.

•	 The costs per unit that are incurred at the time of program entry (including 
administrative costs as well as customer rebates or other financial incentives), 
as well as ongoing per-unit and fixed annual costs that are expected to be 
incurred.

•	 Projected participation rates, that is, the number of units that are expected to 
enter the program each year.

•	 Expected rates of natural replacement and free-ridership.1

The resulting program assumptions are presented in Appendix B.  These 
assumptions were used with the American Water Works Association Research 
Foundation’s (AwwaRF) Benefit-Cost Model to forecast the annual savings and 
costs of each program. The projected savings and costs for each program were 
combined to calculate the unit cost associated with that program.

The unit cost measures how much the utility pays for each acre-foot of savings 
generated by the program over its life cycle. It is calculated by dividing the present 
value of the program costs by the present value of programmatic savings (i.e. 
savings which exclude expected natural replacement and free riders). Basing the 
unit cost on present values of costs and savings ensures that timing differences are 
properly accounted for and economic comparisons among programs are made 
appropriately.

Table 13 shows the unit costs benefit-cost ratios, and projected 2030 savings for 
the 26 programs passing the qualitative screen.

Unit costs shown in Table 13 do not account for possible cost-sharing or future 
grant funding the District may secure to help defray conservation program costs.  
Because future cost-sharing and grants are highly uncertain, they were excluded 
from the analysis.  It is important to recognize, however, that future cost-sharing 
or grant funding could alter the cost ranking shown in Table 13.

1 Natural replacement reflects the effects of code requirements and/or market forces which results in a certain 
fraction of plumbing fixtures being replaced with water-conserving fixtures each year without utility intervention. 
Free riders are those customers who would have taken the conservation action targeted by the program without 
the program, but take advantage of the program’s financial incentives. Both of these phenomena reduce the 
savings that can be attributed to the utility’s active conservation program, but not to the overall physical water 
savings achieved.
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Table 13. Conservation Program Units Costs, Benefit-Cost Ratios, and 2030 Water Savings

Class of 
Service

Program
Unit Cost

($/AF)
B/C Ratio

2030 
Savings

(AF)

SFD HET Rebate $533 1.17 3,369

SFD Clotheswasher Rebate $1,220 0.48 1,061

SFD Landscape  Rebate $1,710 0.34 644

SFD (incl MFD) Lg Landscape Survey & Hardware Rebate (excluding WBICs) $263 2.19 302

SFD WBIC Rebates for Large Landscapes $157 3.65 1,233

SFD Small Landscape Survey & Hardware Rebate (including WBICs) $4,622 0.12 58

SFD Irrigation Hardware Rebate for New Construction $564 1.02 236

 SFD CLASS TOTAL $735 0.81 6,903

MFD HET Direct Install $381 1.63 2,165

MFD Clotheswasher Rebate: In-Unit $3,045 0.19 120

MFD Clotheswasher Rebate: Common Area $1,083 0.54 83

MFD Landscape Rebate $1,328 0.43 339

MFD Irrigation Hardware Rebate for New Construction $236 2.45 52

MFD Submetering: Existing Construction $398 1.61 1,292

MFD Submetering: New Construction $285 2.23 94

MFD Submetering: Mobile Homes $124 4.53 140

 MFD CLASS TOTAL $547 1.13 4,285

CII HET Direct Install (high-use sectors) $439 1.40 450

CII HET Direct Install (low-use sectors) $933 0.66 582

CII Clotheswasher Rebate $508 1.16 607

CII Industrial Process $272 2.04 442

CII Medical Sterilizers - Condensate $134 4.59 140

CII Medical Sterilizers - Ejector $301 2.05 195

CII Food Steamers $1,003 0.59 76

CII Landscape Rebate $1,326 0.43 95

CII Lg Landscape Survey & Hardware Rebate (excluding WBICs) $259 2.22 603

CII WBIC Rebates for Large Landscapes $158 3.63 1,409

CII Small Landscape Hardware Rebate (excluding WBICs) $1,015 0.57 66

CII WBIC Rebates for Small Landscapes $1,059 0.54 48

CII
Lg Lndscp Budget -- Mixed Meter $9 71.14 5,121

Lg Lndscp Budget -- Dedicated Meter $14 46.75 4,843

CII Leak Det & Repair Incentives $238 2.58 1,731

 CII CLASS TOTAL $131 4.76 16,410

 GRAND TOTAL $369 1.66 27,598
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6 Long-Term Conservation Plan

6.1 Section Introduction
A key objective of the Strategic Plan is to determine how the District can achieve 
its long-term conservation target in as economical a manner as possible. This 
section evaluates how the programs passing the qualitative screen described 
in Section 5 can be combined into a least-cost conservation plan capable of 
achieving the long-term savings target.

6.2 Least-Cost Conservation Programs
The least-cost conservation plan can be determined by ranking the conservation 
measures from low to high cost and, starting with the lowest cost programs, 
adding additional programs until the conservation target is reached.  This process 
is depicted in Table 14, where programs above the shaded region of the table 
represent the set of least-cost measures capable of achieving the long-term 
conservation target.  Figure 6, depicts this information graphically in the form of 
a conservation water supply curve.  This supply curve shows the marginal cost of 
the set of conservation programs needed to reach the District’s long-term target.  
This marginal cost is just over $530/AF. The average unit cost across all programs 
included in the plan is $210/AF.

6.2.1 Impact of Cost-Sharing on Recommended 
Programs

The unit costs shown in Table 14 and used to generate Figure 6 include all 
expected program administration and financial incentive outlays, but ignore the 
impacts of potential cost sharing arrangements. Because current grant funding 
and cost-sharing arrangements will expire over the next few years, and because 
future cost-sharing and grant funding is unpredictable, this source of program 
funding was excluded from the analysis.  As a result, some current District 
programs, which are being funded in part by cost-sharing partners, are not part 
of the least-cost set of conservation measures listed in Table 14.1 These programs 
should be continued as long as cost-sharing continues.

In general, programs that secure cost sharing will become part of the least-cost 
set of “No Regrets” conservation programs provided they have a unit cost after 
accounting for cost-sharing that is below about $530/AF.2  For the conservation 
programs in the gray region of Table 14, Table 15 shows the amount of cost-
sharing required to make a program break even (B/C ratio = 1) and the amount 
required to include it in the set of least-cost “No Regrets” programs (Unit Cost 

1  These programs include landscape rebates for SFD, MFD, and CII customers, small landscape surveys and 
hardware rebates, and MFD common-area clothes washer rebates.

2  While this is true in general, it should be noted that if the marginal program in the least-cost “No Regrets” 
set of programs, which currently is the SFD HET Rebates program, also is partially paid for with grant funding, 
this would lower the marginal cost of the plan to below $530/AF.
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= $530/AF).  For example, single-family irrigation hardware rebates for new 
construction are estimated to cost, on average, $168/site.  This measure already 
has a B/C ratio greater that 1.0, thus no cost-share is required to make the 
measure break-even.  In order for the measure to qualify as a member of the 
least-cost set of conservation programs capable of achieving the District’s long-
term target, however, a cost-share of at least $10/site is required.  This cost-share 
would reduce the unit cost of water to $530/AF.  Similarly, the HET direct install 
program for low water use CII sectors would require a cost-share of $89/toilet to 
make the program break-even and a cost-share of at least $113/toilet to make 
the program part of the least-cost set of “No Regrets” conservation programs.

Table 14.  “No Regret” Urban Conservation Programs, Sorted from Low to High Cost*

Class of 
Service

Program
Unit Cost

($/AF)
B/C 
Ratio

2030 
Savings

(AF)

Cumulative 
Savings

(AF)

CII Lndscp Budget - Mixed Meter** $9 71.14 5,121 5,121

CII Lndscp Budget – Ded. Meter** $14 46.75 4,843 9,963

MFD Submetering: Mobile Homes $124 4.53 140 10,103

CII Medical Sterilizers - Condensate $134 4.59 140 10,244

SFD WBIC Rebates for Lrg Lndscp $157 3.65 1,233 11,477

CII WBIC Rebates for Lrg Lndscp $158 3.63 1,409 12,886

MFD Irr. Equip. Rebate for New Constr. $236 2.45 52 12,938

CII Leak Det & Repair Incentives $238 2.58 1,731 14,669

CII Lg Lndscp Srvy & Equip. Rebate $259 2.22 603 15,272

SFD/MFD Lg Lndscp Srvy & Equip. Rebate $263 2.19 302 15,574

CII Industrial Process $272 2.04 442 16,016

MFD Submetering: New Construction $285 2.23 94 16,110

CII Medical Sterilizers - Ejector $301 2.05 195 16,305

MFD HET Direct Install $381 1.63 2,165 18,470

MFD Submetering: Existing Constr. $398 1.61 1,292 19,762

CII HET Install (high-use sectors) $439 1.40 450 20,212

CII Clotheswasher Rebate $508 1.16 607 20,819

SFD HET Rebate $533 1.17 3,369 24,188

SFD Irr. Equip. Rebate for New Constr. $564 1.02 236 24,425

CII HET Install (low-use sectors) $933 0.66 582 25,007

CII Food Steamers $1,003 0.59 76 25,084

CII
Small Lndscp Equip. Rebate 

(excluding WBICs)
$1,015 0.57 66 25,149

CII WBIC Rebates for Small Lndscp $1,059 0.54 48 25,198
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Class of 
Service

Program
Unit Cost

($/AF)
B/C 
Ratio

2030 
Savings

(AF)

Cumulative 
Savings

(AF)

MFD Washer Rebate: Common Area $1,083 0.54 83 25,281

SFD Washer Rebate $1,220 0.48 1,061 26,342

CII Landscape Rebate $1,326 0.43 95 26,437

MFD Landscape Rebate $1,328 0.43 339 26,776

SFD Landscape  Rebate $1,710 0.34 644 27,420

MFD Washer Rebate: In-Unit $3,045 0.19 120 27,540

SFD
Small Lndscp Srvy & Equip. 
Rebate (including WBICs)

$4,622 0.12 58 27,598

*Programs above the shaded region constitute the least-cost set of programs capable of achieving 
the District’s long-term conservation target. Unit costs in the table do not account for cost-sharing 
and grant funding, and thus some grant-funded programs currently operated by the District are 
not part of the least-cost set of “No Regrets” conservation programs. In general, programs that 
secure cost sharing will become part of the least-cost set of “No Regrets” conservation programs 
listed in this report provided the cost-sharing results in a unit cost of $530/AF or less.

**Unit costs for landscape budgets are based on assumptions about unit costs, acres/site, usage per 
acre, and savings percentages developed by District landscaping consultants and result in very low 
cost water savings potential.

Table 15. Cost-Sharing Needed to Be in List of Least-Cost “No Regrets” Programs

Class
Conservation 

Program
Units

District 
Avg. Cost Per 
Unit of Activity 

1/

Required Per 
Unit Cost-

Share for B/
C=1
2/

Required Per 
Unit Cost-

Share for Unit 
Cost=$530/AF

3/

SF
Irrigation Hardware 

Rebate for New 
Construction

Sites $168/Site $0/Site $10/Site

CII
HET Direct Install 
(low-use sectors)

Toilets $260/Toilet $89/Toilet $113/Toilet

CII Food Steamers Steamers
$3,095/
Steamer

$1,261/
Steamer

$1,458/
Steamer

CII
Small Landscape 
Hardware Rebate 
(excluding WBICs)

Sites $522/Site $237/Site $263/Site

CII
WBIC Rebates for 
Small Landscapes

Sites $752/Site $345/Site $376/Site

MFD
Clotheswasher 

Rebate: Common 
Area

Washers $484/washer $225/washer $247/washer

SFD Clotheswasher Rebate Washers $195/washer $101/washer $109/washer

CII Landscape Rebate
Rebate/

Sqft
$1.11/Sqft $0.63/Sqft $0.67/Sqft
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Class
Conservation 

Program
Units

District 
Avg. Cost Per 
Unit of Activity 

1/

Required Per 
Unit Cost-

Share for B/
C=1
2/

Required Per 
Unit Cost-

Share for Unit 
Cost=$530/AF

3/

MFD Landscape Rebate
Rebate/

Sqft
$1.11/Sqft $0.63/Sqft $0.67/Sqft

SFD Landscape  Rebate
Rebate/

Sqft.
$1.43/Sqft $0.95/Sqft $0.99/Sqft

MFD
Clotheswasher 
Rebate: In-Unit

Washers $194/washer $156/washer $159/washer

SFD

Small Landscape 
Survey & Hardware 
Rebate (including 

WBICs)

Sites $95/Site $83/Site $84/Site

Notes:
1. Avg. cost per unit of activity includes all expected District administration and financial incentive 
outlays.
2. Changes in administrative costs, level of incentive, program design and other factors can also 
impact the B/C ratio.
3. This column shows the level of cost-share per unit of activity required to lower the activity’s unit 
cost of water savings to the threshold cost of $530/AF.
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Figure 6.  “No Regrets” Urban Conservation Supply Curve:  2030
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6.3 Annual Activity Levels and District Costs
Average annual activity levels for each least-cost “No Regrets” program included 
in the long-term plan are shown in Table 16.3  Activity levels were based on a 
number of considerations, including:

•	 Amount of program savings required to reach the long-term target
•	 District staffing and outsourcing capability
•	 Market potential and level of market saturation
•	 Historical program experience

As the plan is implemented activity levels may require adjustment according to 
results.  If activity levels for some programs prove too aggressive they may need 
to be scaled down and other programs may need to be scaled up or additional 
programs may need to be added to the plan.  Similarly, if some programs exceed 
their projected activity level, this may allow other programs to be downsized.

Table 17 shows the expected annual District expenditure to implement the long-
term plan based on the activity levels shown in Table 16.  Annual program costs 
are shown for 2010, 2015, and 2020 and account for all program-specific 
administrative and financial incentive expenditure. Annual costs average 
approximately $4.2 million per year (2007 constant dollars).  Because these costs 

3  Actual activity levels for some programs ‘ramp up’ in the initial program years. Thereafter, the activity levels 
for many programs fluctuate from year to year. Except where otherwise noted, the figures in Table 16 represent 
the average annual activity level over the planning period.
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do not assume any grant funding or cost-sharing, they constitute an upper-bound 
annual cost estimate for the long-term plan.

Under the current set of least-cost “No Regrets” programs, approximately 
39 percent of annual District expenditure for urban conservation would go 
to single-family residential programs, 26 percent would go to multi-family 
residential programs, and 35 percent would go to CII conservation programs.  
About 16 percent of program expenditure would be for landscape conservation 
programs.  The remaining 84 percent of program expenditure would be for indoor 
conservation, submetering, and leak detection programs.  Landscape conservation 
programs’ relatively low share of total expenditure belies the contribution 
these programs make to total water savings.  The mixed- and dedicated-meter 
landscape budget programs are, by a wide margin, the most cost-effective 
programs in the long-term plan and account for 41 percent of 2030 projected 
water savings.  The low share of total annual expenditure going to landscape 
conservation is explained by the cost-effectiveness of these two programs.
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Table 16.  “No Regrets” Urban Conservation Plan Annual Activity Levels

Class of 
Service

Program Units
Avg. Annual 

Activity

SFD HET Rebate Rebates 8,360

SFD
Lg Landscape Survey & Hardware Rebate 
(excluding WBICs)

Rebates 40

SFD WBIC Rebates for Large Landscapes Rebates 175
    

MFD HET Direct Install Toilets 2,500

MFD
Irrigation Hardware Rebate for New 
Construction

Rebates 20

MFD Submetering: Existing Construction
MF dwelling 

Units
2,300

MFD Submetering: New Construction
MF dwelling 

Units
170

MFD Submetering: Mobile Homes Mobile homes 500*
    

CII
HET Direct Install (high-use sectors: 
schools, restaurants, retail-wholesale)

Toilets 600

CII Clotheswasher Rebate 1,000 lbs/yr 12,000

CII Industrial Process Sites 5

CII Medical Sterilizers - Condensate Rebates 5

CII Medical Sterilizers - Ejector Rebates 5

CII
Lg Landscape Survey & Hardware Rebate 
(excluding WBICs)

Surveys 80

CII WBIC Rebates for Large Landscapes Rebates 200

CII
Lg Lndscp Budget -- Mixed Use Budgets 242

Lg Lndscp Budget -- Dedicated Budgets 358

CII Leak Det & Repair Incentives AF/Yr 171

CII General Surveys Surveys 50

* Through 2012, zero thereafter.
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Table 17.  “No Regrets” Urban Conservation Plan Annual Cost (Million Dollars/Yr)*

Class of 
Service

Program
Annual 
Cost: 
2010

Annual 
Cost: 
2015

Annual 
Cost: 
2020

SFD HET Rebate 1.42 1.42 1.42

SFD
Lg Landscape Survey & Hardware 
Rebate (excluding WBICs)

0.06 0.06 0.06

SFD WBIC Rebates for Large Landscapes 0.17 0.17 0.17

 SFD CLASS TOTAL 1.65 1.65 1.65

MFD HET Direct Install 0.66 0.66 0.66

MFD
Irrigation Hardware Rebate for New 
Construction

0.01 0.01 0.01

MFD Submetering: Existing Construction 0.36 0.39 0.42

MFD Submetering: New Construction 0.02 0.02 0.02

MFD Submetering: Mobile Homes 0.06 0.00 0.00

 MFD CLASS TOTAL 1.12 1.08 1.11

CII
HET Direct Install (high-use sectors: 
schools, restaurants, retail-wholesale)

0.16 0.16 0.16

CII Clotheswasher Rebate 0.26 0.25 0.25

CII Industrial Process 0.11 0.11 0.11

CII Medical Sterilizers - Condensate 0.01 0.01 0.01

CII Medical Sterilizers - Ejector 0.04 0.04 0.04

CII
Lg Landscape Survey & Hardware 
Rebate (excluding WBICs)

0.12 0.12 0.12

CII WBIC Rebates for Large Landscapes 0.20 0.20 0.20

CII
Lg Lndscp Budget -- Mixed Use 0.04 0.04 0.04

Lg Lndscp Budget -- Dedicated 0.06 0.05 0.05

CII Leak Det & Repair Incentives 0.34 0.34 0.34

CII General Surveys 0.13 0.13 0.13

 CII CLASS TOTAL 1.47 1.46 1.46

 GRAND TOTAL $4.24 $4.19 $4.22

*Annual District costs include all program-specific overhead and administrative 
cost but exclude fixed District staff costs.  Costs also exclude consideration of 
future grant funding or cost sharing agreements with the state or other entities.
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6.4 2030 Estimated Water Savings
The recommended programs will enable the District to achieve its 2030 
conservation target.4 Table 18 shows the contribution of the active and passive 
savings of each program to the 2030 savings goals.

The least-cost set of “No-Regrets” urban conservation programs save 
approximately 24,200 AFY by 2030, about 1,700 AFY more than required 
assuming agricultural programs would save an additional 6,000 AFY.

Table 18. 2030 Active and Passive Conservation (AFY)

Customer
Class

Active Savings Passive Savings
Grand 
Total

Baseline
New 

Programs
Total

% of 
Target

Baseline
% of 

Target

Residential 11,693 8,647 20,340 21% 46,524 47% 66,865

CII 1,314 15,541 16,855 17% 9,485 10% 26,341

Agriculture 1,000 4,295* 5,295 5%  0% 5,295

Total 14,008 28,483 42,490 43% 56,010 57% 98,500

*Residual amount of water savings required to achieve conservation target by 
2030.

6.5 MOU Compliance
As discussed in Section 4.3, the District currently complies with the six BMPs 
that apply to wholesale water agencies.5 Additionally, the District’s regional 
conservation programs have resulted in a high level of retail BMP compliance 
when assessed on a countywide basis, with the exceptions of BMP 5 (Large 
Landscape Programs) and BMP 9 (CII Conservation Programs).  In addition to 
meeting the District’s own long-term conservation targets, this plan will allow the 
county to achieve full compliance with both of these BMPs by no later than 2020.

Table 19 shows expected compliance dates for each BMP based on the 
conservation program implementation levels of this plan.

4  The savings associated with the programs include both active (programmatic) and passive (natural 
replacement, free riders) savings. The active savings, which result from baseline programs as well as the 
programs being recommended in this Strategic Plan, comprise approximately 40% of the total projected 2030 
savings. The remaining 60% comes from passive savings.

5  The BMPs are currently undergoing revision.  The revision process may result in new or modified BMP 
requirements.  The District, a signatory to the MOU and an active CUWCC member, is actively participating the 
revision process.  The compliance analysis conducted for this Strategic Plan is based on the current set of BMPs.
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Table 19. Projected Countywide MOU Compliance by BMP

BMP 
No.

BMP Name Full Coverage Requirement1 Projected Year Full 
Coverage Attained2

1 Residential Surveys
SF: 52,000
MF: 24,000

2017

2
Residential Plumbing 

Retrofits
75% LF Showerhead Saturation 20103

3*
System Water Audits & Leak 

Repair

Annually complete pre-screen system audit; 
complete full audit whenever indicated by a 

pre-screening audit.
Already Attained

4* Metering with Volume Rates Meter all customer connections Already Attained

5 Large Landscape Programs

Surveys: 4,200

2010 if budget 
program for 

mixed-use meters 
implemented4

Water Budgets: 90% of dedicated irrigation 
meter accounts in County (approx. 4,600 

accts.)
2020

6 Clothes Washer Rebates 29,000 Rebate Points Already Attained

7* Public Information
Implement a public information program 
to promote water conservation and water 

conservation related benefits
Already Attained

8* School Education
Implement a school education program 

to promote water conservation and water 
conservation related benefits.

Already Attained

9 CII Conservation

CII Water Savings Target: 11,782 AFY 2015

CII Toilets: 3% of savings potential by 
2003/04

Already Attained

10*
Wholesale Agency 

Assistance
Provide financial and technical support to 

retail water agencies in service area
Already Attained

11 Conservation Pricing Applies only to Retail Water Suppliers NA

12* Conservation Coordinator
Maintain the position of conservation 

coordinator and provide support staff as 
necessary

Already Attained

13 Water Waste Ordinance
Adopt ordinances to prevent waste of water 

by retail water users
NA

14
Residential Toilet 

Replacement Programs
37,700 AF cumulative water savings by 

2008
Already Attained

* BMP applies to wholesale water agencies.
1. Coverage requirements determined using the CUWCC BMP Coverage Calculator Version 1.7.
2. Projected year of full coverage based on implementation data in Table 6, CUWCC BMP coverage 
compliance reports for SCVWD, and projected conservation program activity contained in this Strategic Plan.
3. Based on survey results and predicted year of 75% saturation reported in Santa Clara County Residential 
Water Use Baseline Survey: Final Report, 2004.
4. Per the MOU, a program that assigns landscape water budgets to mix-use CII sites automatically satisfies 
BMP 5’s landscape survey requirement.
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7 Shortage Management Responses, Savings, and 
Cost

7.1 Section Introduction
As discussed in Section 3.4, District shortage management response is linked to 
the end-of-year storage in regional groundwater basins.  Decreasing levels of 
end-of-year storage trigger increasing levels of shortage response.  The level 
of response is expressed in terms of the acre-feet of supplemental water supply 
or demand management required to address the shortage.  The indicated 
response is intended to be flexible and will be tailored to opportunities available 
at the time. Potential responses include: voluntary water use reduction/public 
outreach (including media campaigns, increased water conservation literature 
and conservation kit distribution), followed by demand reduction measures or 
increased supplies. The shortage response action guidelines do not specify the 
form of the drought response. Annual decisions, including whether to participate 
in the water market or call for demand cutbacks, are made through annual 
operations planning.

This section describes potential demand management responses available to the 
District, savings potential of these responses, and their expected cost.  Demand 
management responses would be incremental to the implementation of long-term 
conservation measures described in Section 6.  The Strategic Plan evaluated three 
types of demand management response.  These were:

•	 Public Information and Outreach
•	 Conservation Measures and Programs; and
•	 Mandatory Restrictions and Price-Induced Conservation

Shortage response potential is presented in the form of demand management 
shortage response curves for 2010, 2020, and 2030.  These curves show the 
relationship between the amount of demand management achievable and the 
cost of achieving it.  Response curves for the three periods were developed 
because the availability and cost of conservation measures change over the 
planning period as a consequence of implementation of measures to achieve the 
long-term conservation water savings target.  In essence, as one moves forward 
into the future, fewer conservation measures are available for management of 
emergency shortages because they have already been implemented as part of 
the long-term conservation plan.  This dynamic affects both the cost and savings 
potential of conservation measures for shortage management over time.

7.2 Public Information and Outreach
The District uses public information and outreach to inform the public on issues 
affecting the availability, reliability, quality and cost of Santa Clara County’s water 
supply.  Public information and outreach is a core part of the District’s long-term 
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water conservation program as well as a key policy instrument for managing 
temporary water shortages.

To help meet its long-term water conservation targets, the District operates an 
extensive public information program and associated schools program which 
provide materials, speakers and outreach activities to the general public. 
The District employs a professional staff to provide outreach related to water 
conservation, urban runoff pollution, water recycling, watershed and flood 
protection and water quality. Outreach activities include publications and Web 
site development, public meetings, District participation at community events, 
multi-media campaigns, inter-agency partnerships, corporate environmental 
fairs, professional trade shows, water conservation workshops and seminars and 
a speaker’s bureau. In the spring of each year (and extending through the fall), 
an extensive campaign emphasizing the importance of water conservation is 
conducted.

Public information and outreach is typically one of the first responses implemented 
by the District when confronting a pending or existing water shortage.  In the 
context of a water shortage, the District uses public information and outreach to 
alert the public to the need to reduce water use and to provide information and 
tips on how this can be accomplished at low cost and with minimal inconvenience.

7.2.1 Empirical Evidence of Water Savings Potential
The effectiveness of public information and outreach, both in promoting long-term 
conservation and addressing temporary shortages, has proven hard to measure.  
Partly this is because public information and outreach is typically run concurrently 
with other demand management programs making it difficult to disentangle the 
various policies and programs affecting water use.  Also, there is no one standard 
model for public information and outreach.  Public information programs can vary 
dramatically among water agencies in terms of structure, content, and funding.

Reviewed literature summarized in Appendix C suggests that public information 
campaigns, appeals for conservation, and voluntary measures are, in most 
cases, mildly to moderately effective at reducing water use, and in some cases, 
highly effective. A comprehensive review of the literature by Syme, et al. (2000) 
concluded that education campaigns could result in significant (up to 25 percent) 
water savings in short-term or crisis situations.  Estimates of the effectiveness 
of voluntary conservation measures during the 1987-92 California drought by 
Hanemann and Nauges (2005) and by Renwick and Green (2000), were more 
modest, clustering between 5 and 10 percent of average household demand.

This more moderate savings range also is supported by water use data from 
the 1987-92 California drought compiled by RAND (1996).  Table 20 shows the 
average change in water use relative to 1986 for the years 1987 through 1991 
for water agencies in the Bay Area, Southern California, and Rest of California.  
For most water agencies outside of the Bay Area, mandatory water use restrictions 
were not imposed until 1990 or 1991.  Prior to this time, water agencies 
implemented public information campaigns and called for voluntary conservation.  
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In the Bay Area, mandatory restrictions began earlier.  By 1989, many Bay Area 
water agencies had adopted mandatory or price-based restrictions on water 
use.  In 1987, however, most agencies in the Bay Area were still relying on public 
information campaigns and voluntary conservation.  As seen in the table, during 
the periods in which information campaigns and calls for voluntary conservation 
predominated, reductions in water use averaged between 5 and 10 percent in 
the Bay Area and Rest of California.  In Southern California, where supplies from 
the Colorado River, surface storage, and regional groundwater helped offset the 
effects of the drought, reductions in use did not begin in earnest until 1991.1

Table 20. Average Percentage Change in Per Capita Water Use Relative to 1986

Year
Bay Area
(N = 12)

So. California
(N = 28)

Rest of CA
(N = 13)

All Agencies
(N = 53)

1987 4% -1% -2% -4%

1988 -8% 0% -4% -8%

1989 -15% 2% -6% -8%

1990 -13% -1% -10% -10%

1991 -23% -17% -18% -22%

Notes:
N equals the number of water agencies in the sample
Percentage change in per capita water use relative to 1986 per capita water 
use.

7.2.2 Behavioral Response Analysis
The magnitude of water savings resulting from informational campaigns reported 
in the literature was compared to an estimate of water savings potential resulting 
from behavioral responses to calls for voluntary conservation.  The behavioral 
response analysis considered typical water use behavioral changes and resulting 
water savings for residential end uses of water.  Baseline residential end use 
estimates were taken from the AWWARF Residential End Uses of Water Study 
(REUWS).  The results are shown in Table 21.

1  By 1991 California and especially Southern California was in broad economic recession, which would also 
have contributed to the sharp reductions in water use observed in 1991.
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Table 21. Potential Residential Behavioral Responses to Calls for Voluntary 
Conservation

Residential 
End Use

Baseline 
GPCD 1/

Behavioral Response 
2/

Savings 
Potential 

3/

Revised 
GPCD

Share of 
Savings

Dishwasher 1.0 Only run full loads 10.0% 0.9 0.3%

Bath 1.2 None posited 0.0% 1.2 0.0%

Other 
Domestic

1.6 None posited 0.0% 1.6 0.0%

Leak 9.5
Repair most obvious 
leaks

25.0% 7.1 8.1%

Faucet 10.9
Don’t leave running 
during tasks

10.0% 9.8 3.7%

Shower 11.6 5 min showers 37.5% 7.3 14.9%

Clothes 
Washer

15.0 Only run full loads 10.0% 13.5 5.1%

Toilet 18.5
Reduce Flushing by 
1/4

25.0% 13.9 15.9%

Outdoor 100.8
Reduce watering 
frequency/duration

15.0% 85.7 51.9%

Unknown 1.7 None posited 0.0% 1.7 0.0%

Total 171.8 17.0% 142.6 100.0%

Notes:
Baseline GPCD estimates from AWWARF Residential End Uses of Water Study 
and are based on data logging of 1,188 single-family homes.
Behavioral responses based on common water savings actions taken by 
residential water users during periods of water shortage.
Savings potential based on professional judgment.

The water savings potentials for the residential end uses shown in Table 20 
assume only changes in water using behavior. They are not predicated on changes 
in water using hardware or appliances.2 Total savings potential from simple 
behavioral responses is 17 percent of baseline residential water use.  Outdoor 
water uses account for nearly 52 percent of estimated water savings potential.  
Other significant sources of water savings are (1) reduced toilet flushing, (2) 
shorter showers, and (3) leak repair.  Together, these three end uses account 
for about 39 percent of potential water savings, and comprise the greatest 
opportunities for temporarily reducing indoor water use.

The behavioral response analysis suggests the potential for significant water 
savings in the residential sector through behavioral changes alone.  Total potential 

2  As will be subsequently shown, this is important because as water using hardware and appliances become 
more efficient over time as a result of investment in long-term conservation, the savings potential from 
behavioral responses will decrease to some extent.
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in the residential sector is significantly above empirical estimates of water savings 
from voluntary conservation campaigns reviewed in the previous section. This 
is to be expected for two reasons.  First, the reviewed empirical data is based 
on all water uses, not just residential.  Commercial and industrial water uses, 
because of their linkages to business activity and production processes, may be 
less susceptible to behavioral modification.  Second, Table 21 does not account 
for non-responsive residential water users.  That is, not all residences can be 
expected to take these actions.  Once one averages over responsive and non-
responsive households, the expected level of savings would decrease.

The level of responsiveness by residential water users and other customer 
classes depends on many factors.  Two key considerations are the intensity of 
the informational campaign calling for voluntary conservation and the public 
perception regarding the water emergency.  The first can drive the second in the 
sense that increased calls for conservation can heighten public perception of 
a water emergency and also provide information on how to respond to it.  But 
other forces drive public perception as well, such as the duration of the shortage; 
whether the shortage is the result of easily observable phenomena, such as a 
prolonged dry period, versus less obvious causes, such as regulatory intervention 
or disruption to infrastructure; whether neighboring communities are also being 
affected; and whether the general media is reporting the story.  Generally, but not 
always, as the shortage lengthens and deepens, growing public awareness of the 
need to curtail water use increases the level of customer responsiveness to calls 
for water conservation.

In Table 22, savings potential from behavioral responses are hypothesized for 
each customer class, as well as a reasonable range of responsiveness to expect 
within each class.  End uses for non-residential customer classes, other than 
dedicated landscape, are too heterogeneous to analyze at the end use level, as 
was done for residential water uses in Table 21.  Instead, reasonably conservative 
estimates of savings potential and conservation responsiveness are posited for 
these sectors based on evidence from the 1987-92 drought compiled by RAND 
(1996).  Table 22 suggests that plausible levels of behavioral savings potential 
and customer responsiveness result in levels of water savings consistent with 
empirical estimates of voluntary water savings reviewed in the previous section.
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Table 22. Water Savings from Behavioral Potential and Customer Responsiveness

Customer Class
Behavioral 
Potential 1/

Customer 
Responsiveness 2/

% Water Savings

Lower Upper Lower Upper

SF Residential 17% 50% 70% 8.5% 11.9%

MF Residential 10% 40% 60% 4.0% 6.0%

Commercial 10% 40% 60% 4.0% 6.0%

Industrial 10% 40% 60% 4.0% 6.0%

Institutional 15% 50% 75% 7.5% 11.3%

Government 15% 50% 75% 7.5% 11.3%

Landscape 10% 50% 75% 5.0% 7.5%

Wtd. Average 3/ 6.0% 8.7%

Notes:
Behavioral potential for SF Residential from Table 20.  Behavioral potential for 
other customer classes based on professional judgment.
Customer responsiveness based on evidence from 1987-92 drought and 
professional judgment.
Customer class shares of total water use in Santa Clara County, as reported in 
the 2005 UWMP used to compute weighted average water savings.

7.2.3 Public Information Expenditure and Water 
Savings Potential

Water savings potential from public information and outreach depends to a 
significant degree on the level of investment.  Saturation messaging through mass 
media, especially television and radio, were shown to have the greatest impact 
on water use during shortages (Syme, et al. 2000).  Large-scale campaigns 
were generally more effective than smaller ones; repetitive messaging was more 
effective than infrequent messaging.  Mercer and Morgan (1980) reached similar 
conclusions and statistically estimated the relationship between the level of 
public information expenditure and water savings.  Using a time-series sample 
of water agency expenditure on information campaigns and water use records, 
they estimated that each one percent increase in public information expenditure 
decreased water use by 0.04 percent over the range of expenditure and water 
use evaluated.

This parameter estimate, which Mercer and Morgan referred to as the public 
information expenditure elasticity, if combined with public information 
expenditure data, can be used to estimate the amount of water savings potential 
for given levels of expenditure on public information campaigns aimed at 
reducing water use. To evaluate whether this approach would provide reasonable 
water savings estimates, data on public information expenditure per account 
during the 1987-92 drought were used to estimate the percentage increase 
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in expenditure required to increase the District’s current public information 
expenditure per account to a level comparable to the average expenditure per 
account by California water agencies during the 1987-92 drought.  The analysis 
considered the following:

•	 Over the period 1999-2006, District annual expenditures on public 
information and outreach, including school education programs, averaged 
$1.26 per retail water user account (2007 dollars).

•	 Annual expenditures on public information and outreach by California urban 
water agencies during the 1987-92 drought were estimated to average 
$3.40 per account (2007 dollars), or 170 percent more than what the District 
currently spends on public information and outreach as part of its long-term 
conservation program.3

•	 The findings by Mercer and Morgan suggest a similar level of spending on 
public information targeted at shortage management would be expected to 
reduce demand by approximately 7 percent, which corresponds well with the 
findings presented in the previous sections on expected water savings from 
public information campaigns.4

7.2.4 Public Information and Outreach Shortage 
Management Response

The public information expenditure elasticity parameter and data on District 
expenditure for public information and outreach for long-term conservation 
were used to estimate additional water savings potential and associated cost for 
shortage management.  Two adjustments were made to the elasticity parameter 
before using it in the analysis.  The first adjustment was to set the maximum 
water savings from public information and outreach to 10 percent of total water 
use.  This was done for two reasons.  First, the elasticity parameter is based on 
a limited range of expenditure and water conservation response.  The validity of 
the parameter estimate outside this range of response is untested.  Second, while 
case studies of voluntary conservation response have reported water savings from 
public information and outreach in excess of 10 percent, the statistically derived 
estimates reviewed for the Strategic Plan indicated that public information and 
outreach campaigns were most likely to result in water savings in the 5 to 10 
percent range.  While it is certainly possible that such campaigns can result in 
water savings in excess of 10 percent, limiting the response to 10 percent was 
viewed as an appropriately conservative assumption for planning purposes.

The second adjustment was to account for changes in water use efficiency over 
time that would impact water users’ ability to adjust their water use through 
behavioral responses.  To understand the need for this adjustment, consider 
three households.  The first household has a toilet that flushes 3.5 gallons.  In 
the second household, the toilet flushes 1.6 gallons, while in the third household 

3  Data and assumptions supporting these estimates are presented in Appendix B.

4  This is determined by multiplying the percentage increase in public information expenditure (170 percent) by 
the Mercer and Morgan elasticity estimate (0.04), which equals 6.8 percent, which is then rounded to 7 percent.
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the toilet flushes 1.1 gallons.  If all three households reduce their number of 
flushes by 25 percent in response to public information and outreach to manage 
a temporary shortage, each household would save a different amount of water.  
The household with the least efficient toilet would save the most water by flushing 
less, while the household with the most efficient toilet would save the least.  By 
the same logic, improvements over time in the efficiency of water using hardware 
and appliances as a result of investment in long-term conservation would be 
expected to reduce the savings potential from behavioral responses.  To account 
for this effect, the water end uses listed in Table 21 were adjusted for expected 
efficiencies in 2010, 2020 and 2030 as a result of long-term conservation.  The 
public information elasticity parameter was then adjusted downward in proportion 
to the indicated change in water savings potential relative to the baseline estimate 
shown in Table 21.  The resulting parameters used to estimate public information 
response curves for 2010, 2020, and 2030 are shown in Table 23.

Table 23. Public Information Elasticity Parameters Used to Estimate Public Information 
Response Curves

Baseline 2010 2020 2030

0.0400 0.0354 0.0328 0.0313

Notes:
Parameter estimates percentage decrease in water use given a one percent 
increase in public information expenditures.
Baseline parameter estimate from Mercer and Morgan (1980).

Table 24 provides estimated 2010, 2020, and 2030 shortage management 
response costs and water savings for public information and outreach.  Water 
savings are shown in thousands of acre-feet (TAF) while costs are expressed in 
millions of dollars per year.  Costs in Table 24 would be incremental to annual 
expenditures for public information related to long-term conservation.  Lost water 
sales revenues for the District and its retail water agencies would be in addition to 
the public information expenditures shown in Table 24.  These lost revenues, or at 
least the portion used to pay water system fixed costs, would need to be recovered 
from financial reserves or rate increases in subsequent years in order to preserve 
the financial integrity of the county’s water systems.
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Table 24. Public Information and Outreach Shortage Management Response Cost 
and Water Savings

% Demand 
Reduction

Shortage
Starts in

2010

Shortage
Starts in

2020

Shortage
Starts in

2030

Expenditure
(mil. $/yr)

TAF
Expenditure
 (mil. $/yr)

TAF
Expenditure
 (mil. $/yr)

TAF

2.0% 0.79 7.1 0.87 7.6 0.99 8.5 

4.0% 1.07 14.2 1.20 15.3 1.37 17.0 

6.0% 1.36 21.3 1.53 22.9 1.75 25.5 

8.0% 1.64 28.4 1.86 30.5 2.14 33.9 

10.0% 1.92 35.5 2.19 38.1 2.52 42.4 

7.3 Conservation Measures and Programs
In addition to investing more in public information/awareness campaigns, the 
District also can temporarily expand its long-term regional conservation programs 
during a water shortage.  This has the effect of shifting forward in time a portion 
of long-term water savings so they are available to help address the temporary 
water shortage.

The Strategic Plan evaluated the potential water savings over three years from 
temporarily expanding the conservation measures evaluated for the long-
term plan. Because the availability of conservation measures changes over the 
planning period in response to implementation of measures to achieve the long-
term conservation water savings target, the analysis considered potential savings 
for 2010, 2020, and 2030.  Table 25 shows the subset of long-term conservation 
measures that could be implemented or expanded to respond to a temporary 
water shortage.  Note that this table does not include all the conservation 
measures evaluated for the long-term plan, but rather just those that could be 
rapidly expanded in response to a temporary water shortage.  It is important 
to emphasize that the water savings from expanding implementation of these 
measures would be in addition to the water savings already being generated by 
the District’s long-term conservation programs.

Table 25 shows whether a measure is needed to achieve the long-term targets 
(column 3), the annual implementation required for achieving the long-term 
targets (column 4), and the maximum annual implementation (column 5).  The 
last two columns, shaded in gray, show the incremental amount of annual activity 
available for demand management during a shortage.  If a measure is part of 
the long-term plan, then the incremental amount of annual activity equals the 
difference between the long-term annual implementation and the maximum 
annual implementation for 2010 and 2020 (column 5), and zero for 2030 
(column 6).  Measures included in the long-term plan are zeroed out in 2030 
because most of their savings potential will already have been exhausted by long-
term program implementation.  If a measure is not part of the long-term plan, 
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then the incremental amount of annual activity for 2010, 2020, and 2030 is equal 
to the maximum annual implementation level.

The analysis adopted the following cost assumptions for implementing measures 
for demand management during a shortage:

•	 The unit cost for measures included in the long-term plan was assumed to 
increase to reflect the additional costs of marketing, administration, and 
potentially higher financial incentive costs required to expand participation 
beyond the annual implementation required for achieving the long-term 
targets.  Unit costs for toilet rebates were assumed to increase by 50% 
because these measures would already be running at a high level.  The unit 
cost markup for toilet direct install measures was assumed to be less that for 
toilet rebates (30% versus 50%) since this measure would entail an increase in 
marketing but not financial incentive costs.  A 25% markup was assumed for 
all other measures.  

•	 The unit cost for measures not included in the long-term plan was assumed to 
equal what these measures would cost if they were part of the long-term plan.  
This assumption reflect the fact that the maximum annual implementation 
levels for these measures are similar to what their implementation levels 
would have been were they part of the long-term plan.

Table 26 shows the unit cost ($/AF) of each measure, sorted from lowest to 
highest cost. Next to these unit costs, the table shows the percentage markup over 
the estimated long-term unit cost.  Note these unit costs do not account for District 
cost sharing or grant funding arrangements that might be in place at the time of 
implementation. Also shown in the table are the annual water savings that could 
be generated over a three-year period by each measure. These water savings 
would persist after the end of the three-year period, providing long-term water 
savings benefits to the District.  Only the water savings accruing over the assumed 
three-year shortage are shown in the table, however.
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Table 25. Conservation Measure Implementation Available for Shortage Management

Conservation Measure (customer 
class)

Units
Long-
term 
Plan

Long-
term 

Activity

Max 
Annual
Activity

Shortage
Activity

2010/2020

Shortage
Activity
20301

HET Rebate (SF) Rebates Y 8,360 12,000  3,600 0

Clotheswasher Rebate (SF) Rebates N 10,000  10,000  10,000 

Landscape Rebate (SF) Sites N 450  450  450 

Lg Landscape Survey & Hardware 
Rebate (excluding WBICs) (SF,MF)

Sites Y 40 50  10 0

WBIC Rebates for Large Landscapes 
(SF)

Sites Y 175 200  25 0

Small Landscape Survey & Hardware 
Rebate (including WBICs) (SF)

Sites N 3,000  3,000  3,000 

Irrigation Hardware Rebate for New 
Construction (SF)

Rebates N 700  700  700 

HET Direct Install (MF) Toilets Y 2,587 3,500  1,000 0

Clotheswasher Rebate: In-Unit (MF) Rebates N 1,700  1,700  1,700 

Clotheswasher Rebate: Common 
Area (MF)

Rebates N 175  175  175 

Landscape Rebate (MF) Sites N 50  50  50 

Irrigation Hardware Rebate for New 
Construction (MF)

Sites Y 20 30  10 0

HET Direct Install (Hi Use) (CII) Toilets Y 598 791  193 0

HET Direct Install (Lo Use) (CII) Toilets N 2,210  2,210  2,210 

Clotheswasher Rebate (CII)
1,000 
lbs/yr

N 12,000  12,000  12,000 

Industrial Process (CII) Sites Y 5 10  5 0

Medical Sterilizers – Condensate 
(CII)

Rebates Y 5 10  5 0

Medical Sterilizers – Ejector (CII) Rebates Y 5 10  5 0

Food Steamers (CII) Rebates N 30  30  30 

Landscape Rebate (CII) Sites N 20  20  20 

Lg Landscape Survey & Hardware 
Rebate (excluding WBICs) (CII)

Surveys Y 80 100  20 0

WBIC Rebates for Large Landscapes 
(CII)

Rebates Y 200 250  50 0

Small Landscape Hardware Rebate 
(excluding WBICs) (CII)

Surveys N 120  120  120 

WBIC Rebates for Small Landscapes 
(CII)

Rebates N 75  75  75 

Notes:
1. Zero activity in 2030 indicates savings potential has been exhausted by long-term implementation.
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Table 26. Unit Cost and Water Savings of Short-Term Conservation Measures 

Conservation Measure
(customer class)

Short-
term 
Unit 
Cost

($/AF)1

% Markup 
Over Long-
term Unit 

Cost2

3-Year Total 
Water Savings
2010/2020

(AF)3

3-Year Total 
Water Savings

2030
(AF)4

Medical Sterilizers - Condensate (CII) $168 25% 42 0

WBIC Rebates for Large Landscapes (SF) $197 25% 106 0

WBIC Rebates for Large Landscapes (CII) $197 25% 211 0

Irrigation Hardware Rebate for New 
Construction (MF)

$294 25% 14 0

Lg Landscape Survey & Hardware Rebate 
(excluding WBICs) (CII)

$325 25% 84 0

Lg Landscape Survey & Hardware Rebate 
(excluding WBICs) (SF,MF)

$329 25% 42 0

Industrial Process (CII) $340 25% 531 0

Medical Sterilizers - Ejector (CII) $376 25% 58 0

HET Direct Install (MF) $494 30% 309 0

Clotheswasher Rebate (CII) $508 0% 333 333

Irrigation Hardware Rebate for New 
Construction (SF)

$564 0% 142 142

HET Direct Install (Hi Use) (CII) $572 30% 56 0

HET Rebate (SF) $799 50% 525 0

HET Direct Install (Lo Use) (CII) $933 0% 300 300

Food Steamers (CII) $1,003 0% 45 45

Small Landscape Hardware Rebate 
(excluding WBICs) (CII)

$1,015 0% 43 43

WBIC Rebates for Small Landscapes (CII) $1,059 0% 36 36

Clothes washer Rebate: Common Area (MF) $1,083 0% 46 46

Clothes washer Rebate (SF) $1,220 0% 939 939

Landscape Rebate (CII) $1,326 0% 11 11

Landscape Rebate (MF) $1,328 0% 288 288

Landscape Rebate (SF) $1,710 0% 473 473

Clothes washer Rebate: In-Unit (MF) $3,045 0% 64 64

Small Landscape Survey & Hardware Rebate 
(including WBICs) (Surveys)

$4,622 0% 42 42

3-Year Total Water Savings (AF) 4,739 2,762 

Notes:
1. Unit costs do not account for District cost sharing or grant funding arrangements that might be in place at 
the time of implementation.
2. Unit costs for toilet rebates assumed to increase by 50% to cover higher incentive and marketing costs to 
increase participation rates; direct install toilet costs assumed to increase by 30% for similar reasons. Unit 
costs for all other measures assumed to increase by 25% if measure already being implemented as part of the 
long-term plan.  Unit costs for measures not part of the long-term plan assumed to equal their long-term unit 
cost.
3. Cumulative water savings over three-year period in acre-feet.
4. Zero measure savings in 2030 indicates the measures savings potential has been captured by the long-
term program.
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The information in Tables 25 and 26 was used to generate shortage management 
conservation measure supply curves.  These curves, shown in Figure 7, show the 
total amount of water savings attainable over three years at different levels of 
District expenditure.  The lower curve shows the saving potential for shortages in 
2010 and 2020 while the upper curve shows the potential for 2030.  For example, 
District expenditures of $3.33 million per year ($10 million over 3 years) would 
save approximately 3,100 AF over three years during shortages in 2010 or 2020.  
However, the same level of expenditure in 2030 would only yield approximately 
1,900 AF.  Savings potential in 2030 is much lower than in 2010 and 2020 
because long-term conservation activity has absorbed most of the potential of the 
lower cost measures by 2030.  

Tables 27 and 28 show cumulative District expenditures and water savings for 
2010/2020 and 2030 assuming investment in measures costing up to $500, 
$1,000, $1,500, and $2,000 per acre-foot. Table 27, for example, shows that 
investing in 2010 or 2020 in short-term measures with unit costs of up to $1,000/
AF would involve a three-year cumulative expenditure of about $8.5 million and 
would yield 1,370 AFY by the third year of the shortage.

Table 28 shows significantly less savings potential in 2030 than in 2010 or 2020.  
There is no savings potential from measures costing up to $500/AF and only 
limited potential for measures costing up to $1,000/AF.  Most of the remaining 
potential involves measures costing more than $1,000/AF.  This is due to the fact 
that activity under the long-term plan has absorbed most of the savings potential 
of lower cost measures by 2030.
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Figure 7. Conservation Measure Water Shortage Supply Curves:  2010/2020 and 
2030

500
1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

0

$5

$10

$15

$20

$25

D
is

tr
ic

t 
Ex

p
e
n

d
it

u
re

 o
ve

r 
3
 y

e
a

rs

y= 0.8309x  + 3793.2x - 391661
R  = 0.9984

M
ill

io
ns

y= 0.8375x  + 722.65x - 189318
R  = .9977

2

2

2

2

Cumulative  Water Savings over 3 Years (AF)

2010/2020

2030



65P H A S E  O N E

Water Use Efficiency Strategic Plan| SEPTEMBER 2008  

Table 27. District Outlays and Savings Potential of Short-term Measures: 2010/2020

Unit Cost of
Conservation 

Measures

Shortage
Year

Water
Savings
(AF/Yr)1

District
Annual
Expense
(Mil. $)

District
Cumulative

Expense
(Mil. $)

Up to $500/AF

Year 1  230  $0.69  $0.69 

Year 2  470  $0.69  $1.39 

Year 3  700  $0.69  $2.08 

Up to $1000/AF

Year 1  460  $2.85  $2.85 

Year 2  920  $2.85  $5.69 

Year 3  1,370  $2.85  $8.54 

Up to $1500/AF

Year 1  700  $5.66  $5.66 

Year 2  1,390  $5.66  $11.32 

Year 3  2,070  $5.66  $16.98 

Up to $2,000/AF

Year 1  780  $6.85  $6.85 

Year 2  1,550  $6.85  $13.69 

Year 3  2,310  $6.85  $20.54 

Notes:
1. Water savings from measures would persist beyond three years, providing 
water conservation benefits for many years after the end of the water shortage.
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Table 28. District Outlays and Savings Potential of Short-term Measures: 2030

Unit Cost of
Conservation 

Measures

Shortage
Year

Water
Savings
(AF/Yr)1

District
Annual
Expense
(Mil. $)

District
Cumulative

Expense
(Mil. $)

Up to $500/AF

Year 1  -    $-    $-   

Year 2  -    $-    $-   

Year 3  -    $-    $-   

Up to $1000/AF

Year 1  130  $1.03  $1.03 

Year 2  260  $1.03  $2.07 

Year 3  390  $1.03  $3.10 

Up to $1500/AF

Year 1  370  $3.85  $3.85 

Year 2  730  $3.85  $7.69 

Year 3  1,090  $3.85  $11.54 

Up to $2,000/AF

Year 1  440  $5.03  $5.03 

Year 2  890  $5.03  $10.06 

Year 3  1,330  $5.03  $15.10 

Notes:
1. Water savings from measures would persist beyond three years, providing 
water conservation benefits for many years after the end of the water shortage.

7.4 Mandatory Restrictions and Pricing
As the region’s wholesale water supplier, the District does not have the authority 
to adopt ordinances or impose mandatory provisions restricting the wasteful use 
of water nor does the District have authority to set or enforce consumption limits 
at the retail level. As a result, this Strategic Plan does not include per capita 
allotments, inclining-block rates, penalties, or incentives for demand reduction for 
any customer class. The development of such mechanisms is within the purview 
of cities, the County and the local retail water agencies. Instead, in the event 
of severe water shortage, the District will work with local retail water suppliers 
to establish water use reduction targets. By working closely with its retail water 
agencies, the District has effectively set and achieved up to 25 percent mandatory 
water use reduction levels in the past.  This level of water savings from mandatory 
water use restrictions and pricing is consistent with savings from mandatory 
measures estimated by Hanemann and Nauges (2005), Renwick and Green 
(2000), and RAND (1996).
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7.5 Summary of Shortage Response Water Savings 
and Costs

The demand management responses described in this section would be 
incremental to the implementation of long-term conservation measures described 
in Section 6.  Three types of demand management response were evaluated:

•	 Public Information and Outreach
•	 Conservation Measures and Programs; and
•	 Mandatory Restrictions and Price-Induced Conservation

Public information and outreach campaigns were found to be the most effective 
immediate demand management response to temporary water shortages in 
terms of both water savings potential and cost-effectiveness.  Public information 
and outreach emphasizes changes in behavior to reduce water use.  Effective 
messaging coupled with outreach programs (such as the Housecalls survey 
program) can generate significant short-term reductions in demand at relatively 
low cost to the District.  Because the demand reductions are driven primarily by 
changes in behavior, most of which may involve added inconvenience and cost 
to water users, demand is likely to rebound following the shortage.  Most of the 
water savings will not be permanent.

While accelerating water savings from long-term conservation measures to 
produce short-term water savings for shortage management is feasible, the 
water savings potential is not very great and the cost is high. These measures are 
primarily designed to improve the efficiency of water using fixtures, appliances, 
processes, and landscapes over a long period.  Unlike behavioral responses, 
water savings from these measures are persistent and accrete to produce 
significant efficiency gains over the long run.  However, a rapid expansion of 
these programs in response to a temporary shortage would require considerable 
District expenditure and would generate a limited amount of short-term water 
savings.  For this reason, investment in these measures for shortage management 
should be given lower priority than investment in public information and 
outreach.

The District is currently reviewing its authority to adopt ordinances, impose 
mandatory provisions restricting the wasteful use of water, or set or enforce 
consumption limits at the retail level. Because of uncertainty regarding the 
District’s ability to pursue these types of measures, the Strategic Plan did not 
consider per capita allotments, inclining-block rates, penalties, or incentives for 
demand reduction for any customer class.  Clarification of the District’s authority 
and jurisdiction with respect to water use ordinances and restrictions will allow 
future updates of the Strategic Plan to consider incorporation of these strategies.

Tables 29 and 30 summarize the costs to the District of achieving increasing 
amounts of demand management water savings over a 3-year water shortage 
through a combination of public information and outreach and acceleration of 
long-term conservation measures.
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Lost water sales revenues for the District and its retail water agencies would be in 
addition to the public information and conservation measure expenditures shown 
in these two tables.  Any lost revenues would need to be recovered from financial 
reserves or rate increases in subsequent years in order to preserve the financial 
integrity of the county’s water systems.

Table 29. Public Information/Outreach Shortage Response Water Savings and Costs

Cumulative Water 
Savings Over 3 

Years

3-Yr Cost to Achieve Cumulative Savings

Shortage Starts in
2010

Shortage Starts in
2020

Shortage Starts in
2030

(TAF) (Mil $) (Mil $) (Mil $)

15 2.1 2.3 2.5

30 2.7 2.9 3.2

45 3.3 3.6 3.8

60 3.9 4.2 4.5

75 4.5 4.9 5.2

90 5.1 5.5 5.9

105 5.7 6.2 6.6

120 * 6.8 7.2

135 * * 7.9

* Cumulative savings from public information/outreach capped at 10 percent of 
projected demand.
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Table 30. Accelerated Long-Term Conservation Shortage Response Water Savings 
and Costs

Cumulative Water 
Savings Over 3 

Years

3-Yr Cost to Achieve Cumulative Savings

Shortage Starts in
2010

Shortage Starts in
2020

Shortage Starts in
2030

(TAF) (Mil $) (Mil $) (Mil $)

0.5 0.4 0.4 1.5

1.0 1.4 1.4 3.7

1.5 2.8 2.8 6.4

2.0 4.6 4.6 9.5

2.5 6.9 6.9 13.0

3.0 9.5 9.5 17.0

3.5 12.6 12.6 21.3

4.0 16.1 16.1 26.1

4.5 20.0 20.0 31.3

5.0 24.4 24.4 36.8
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8 Monitoring and Evaluation

8.1 Section Introduction
In order to make informed decisions regarding immediate and long-term water 
supply challenges, it is imperative that water conservation staff continue to 
monitor and evaluate water conservation program activity and water supply 
outlook.  

8.2 Monitoring
As a wholesale supplier of water to Santa Clara County, end use water 
consumption of Santa Clara County’s residential, CII, and agriculture sectors 
is difficult to track.  Since the District implements water conservation programs 
and supplies water for the entire county, District water savings and demand 
requirements will be documented through water conservation program activity 
levels, updating of passive savings tables, and coordinating with the District’s 
water supply management units.

8.2.1 Long-Term Conservation Plan Monitoring 
To verify that water conservation efforts meet the 2003 IWRP and 2005 UWMP 
2030 goals of 98,500 acre-feet per year of water savings, water conservation 
staff will collect and document program activity levels for residential, commercial, 
industrial, institutional and agriculture sectors and update the Strategic Plan Active 
Water Savings Tables quarterly.

In addition to monitoring active savings resulting from program activity levels, it 
is also necessary to continue to document passive savings in order to fully assess 
total water savings in Santa Clara County.  District staff will collect and document 
annual passive water savings garnered by natural replacement, legislation, and 
municipal or county ordinances and update the Strategic Plan Passive Water 
Savings Tables.

8.2.2 Shortage Management Response Monitoring 
To properly monitor water supply in order to gauge an accurate shortage 
management response, water conservation staff will coordinate with the district’s 
water supply management units regarding water deliveries and water supply 
outlook.  Staff will remain current on projected water supply and deliveries from 
import (CVP and SWP), surface, and groundwater supplies and evaluate the data 
with estimations made in this report on an annual and 5-year cycle.

8.3 Evaluation
In order to ensure program goals are met, water conservation staff will evaluate 
Strategic Plan Water Savings Tables annually.  These tables along with annual 
water supply data will allow staff to make mid stream changes in program 
implementation, update budget/savings forecasts and to prepare the correct level 
of water shortage management response.
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9 Program Plan Updating

9.1 Conservation Plan Updates
To ensure that the District cost effectively meets the 2003 IWRP identified 
conservation water savings goal of 98,500 acre-feet by 2030, it is necessary for 
water conservation staff to review and update the least-cost plan for achieving 
long term targets, level of program implementation, program schedule, 
estimated costs of proposed programs and compliance with the Memorandum of 
Understanding Regarding Urban Water Conservation in California.

9.1.1 Least-cost Plan for Achieving Long Term Targets
Water conservation staff will update the least cost program implementation 
plan on a five year cycle.  This update will include the introduction of new water 
saving technologies and their associated costs and savings.  The update will also 
include program activity data that may verify or alter assumptions made regarding 
selected least-cost plan programs water savings or costs.

9.1.2 Program Implementation Levels
Data from the Strategic Plan Water Savings Tables will be used to update 
forecasted savings projections on a quarterly and annual basis, as well as provide 
water conservation staff with the necessary information to update the strategic 
plan on a five year cycle.

In addition to program activity level data, updates to the plan will include analysis 
of passive water savings using the Strategic Plan Passive Water Savings Tables 
and updates to passive savings assumptions including any new studies, codes, 
ordinances or laws that may impact projected passive water savings detailed or 
anticipated in this report.

9.1.3 Program Schedule
Updates to the program schedule will be based on program implementation 
level analysis.  Water conservation staff will compare projected program activity 
with actual program activity levels and make necessary updates to the program 
schedule to achieve the IWRP and UWMP 2030 water savings goals.  Program 
activity data will be collected on a quarterly and annual basis and updates to the 
strategic report will be made on a five year cycle.  

9.1.4 Estimated Costs of Proposed Programs
Based on program activity and industry consultation, District staff will verify that 
program costs and cost escalation are in line with estimations made in this report.  
Updates will be provided on five-year cycle.
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9.1.5 MOU Compliance
Water conservation staff will continue to work with the California Water 
Urban Water Conservation Council to remain in compliance with the council’s 
Memorandum of Understanding regarding urban water conservation. When 
cost effective, program activity levels will be modified to ensure compliance and 
maximize water savings.

As a plan update measurement, adoption of new best management practices 
(BMPs) or modifications of existing BMPs will be documented in this plan on a five-
year cycle.
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Appendix A
Conservation Program Qualitative Screen Results

Category Technology Current Programs Potential Program Changes
Implementation

Feasibility
(A-1)

Savings
Quantification

(A-2)

Acceptance
(A-3)

Relation to 
Other

Programs
(A-5)

Savings, Costs
(A-6)

Add salesperson incentives 1 2 3 4 3
 Limited-term higher rebates 5 3 5 4 5
ROR ordinance 1 3 2 4 5
 Limited-term higher rebates 5 3 5 4 5
Potential joint direct install program 
with PG&E. 2 2 3 3 4

Direct Distribution Program 
(schools, special events, etc.) 2 4 4 2 3

ROR ordinance 1 3 2 4 5
Showerheads Distribution ROR ordinance 1 3 2 4 5

Aerators Distribution ROR ordinance 1 3 2 4 5

Broader set of efficient design 
rebates (not just cash-for-grass) 3 2 4 4 3

Enhanced enforcement of Model 
Efficient Landscape Ordinance. 1 2 3 4 2

ROR ordinance 1 3 2 4 5
Integrate two rebates 3 3 4 3 4

ROR ordinance 1 3 2 4 5

Add salesperson incentives 1 2 2 4 3
Limited-term higher rebates 5 3 5 4 5
ROR ordinance 1 3 2 4 5

Water softeners Rebate Operating restrictions, replacement 
incentives 1 3 2 3 3

Direct Distribution Program 
(schools, special events, etc.) 2 4 3 2 3

Limited-term higher rebates 5 3 5 4 5
ROR ordinance 1 3 2 4 5

Showerheads Distribution ROR ordinance 1 3 2 4 5
Aerators Distribution ROR ordinance 1 3 2 4 5

Broader set of efficient design 
rebates (not just cash-for-grass) 3 2 4 4 3

Enhanced enforcement of Model 
Efficient Landscape Ordinance. 1 2 3 4 2

ROR ordinance 1 3 2 4 5
Integrate two rebates 3 3 4 3 4

ROR ordinance 1 3 2 4 5

Target high-use industries 4 5 4 4 5

ROR ordinance 1 3 2 4 5
Direct installs 5 4 5 4 4
ROR ordinance 1 3 2 4 5

Technical support & site

Qualitative Screen of Potential Program Changes

MF Exterior Existing 
Construction

Toilets

Landscape Design Rebates

ITAP surveys
Irrig. Hardware rebates
WBIC rebates

Irrigation hardware

HET Rebates
HET Install

Toilets HET Install

Valve RetrofitUrinals

QUALITATIVE SCREENING CRITERIA AND RATINGS
1 (Worst) => 5 (Best) 

Rebates

MF Interior Existing 
Construction

Clothes Washers Rebates

Toilets

Clothes Washers

HET Rebates
SF Interior Existing 

Construction

Landscape Design Rebates
SF Exterior Existing 

Construction

Irrigation hardware
ITAP surveys
Irrig. Hardware rebates
WBIC rebates

Cooling towers Rebates Technical support & site
inspections. Mandatory standards 2 3 2 3 2

Re-examine rebate structure 4 2 3 3 3
Piggyback onto existing energy 
utility program(s). 2 3 4 4 3

Focus on industrial laundries 2 3 2 3 4
Increase rebates 4 4 5 4 4
Tie to CII surveys 2 2 2 3 3
Enhanced marketing 5 4 5 5 5
Target industries with high savings 
potential. 3 3 3 4 3

Tie to WET 2 2 2 3 3

Integrate two rebates 3 3 4 3 4

Make available to smaller acreage 
(< 1 acre) w/o ITAP requirement 4 3 5 4 4

ROR ordinance 1 3 2 4 5

LAMS Water budgets Link water budgets to financial 
incentives 3 3 4 5 4

ITAP surveys
Irrig. Hardware rebates
WBIC rebates

Irrigation hardware

Various Surveys

CII Interior Existing 
Construction

Clotheswashers Rebates

Process WET Rebates

CII Exterior Existing 
Construction
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Qualitative Screen of Potential New Programs: Step 1

Category Technology Delivery Mechanism
Implementation 

Feasibility
(A-1)

Savings 
Quantification

(A-2)

Acceptance
(A-3)

Utility 
Match
(A-4)

Relation to 
Other

Programs
(A-5)

Savings, 
Costs
(A-6)

SF Interior Existing 
Construction Hot water recirculation 233321etabeR

Hot water recirculation 342313etabeR

Clotheswashers 342444etabeR

HET 344544etabeR

243322noitomorP

243322etabeR

Grey water 342122etabeR

Irrigation 444423etabeR

Rebate

444323ecnanidrO

Grey water 342122etabeR

Hot water recirculation 233321etabeR

Submetering 343332etabeR

Water softeners Rebate

Hot water recirculation 342313etabeR

SF Interior New 
Construction

SF Exterior Existing 
Construction

Pool covers

SF Exterior New 
Construction

Design

MF Interior Existing 
Construction

MF I t i N

QUALITATIVE SCREENING CRITERIA

1 (Worst) => 5 (Best) 

Clotheswashers 343333etabeR

Submetering 343332etabeR

HET 344544etabeR

243322noitomorP

243322etabeR

Grey water 342122etabeR

444423etabeR

444323ecnanidrO

Rebate

444323ecnanidrO

Grey water 342122etabeR

MF Interior New 
Construction

MF Exterior Existing 
Construction

Pool covers

MF Exterior New 
Construction

Irrigation

Design
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Qualitative Screen of Potential New Programs: Step 1

Category Technology Delivery Mechanism
Implementation 

Feasibility
(A-1)

Savings 
Quantification

(A-2)

Acceptance
(A-3)

Utility 
Match
(A-4)

Relation to 
Other

Programs
(A-5)

Savings, 
Costs
(A-6)

QUALITATIVE SCREENING CRITERIA

1 (Worst) => 5 (Best) 

Hot water recirculation 133322etabeR

Car wash recirculation 232221sdradnatS

232323setabeR

Water Softeners 243323sdradnatS

Dishwashers 233324setabeR

Medical sterilizers 333334setabeR

Food steamers 333334setabeR
Cooling, refrigeration, ice 

makers 333332setabeR

Water softeners Rebate

Hot water recirculation 333333etabeR

Clotheswashers 343333etabeR

HET 444543etabeR

Dishwashers 243323etabeR

Medical sterilizers 343333etabeR

Food steamers 343333etabeR

Faucets (IR, spring-loaded) 123322etabeR

Landscape design Rebate

243322noitomorP

243322etabeR

Grey water 342122etabeR

444423etabeR

444323ecnanidrO

CII Interior Existing 
Construction

CII Interior New 
Construction

CII Exterior Existing 
Construction

Pool covers

Irrigation

Rebate

444323ecnanidrO

Grey water 342122etabeR

Financial incentive to install 
dedicated irrigation meters.. 1 3 2 3 3 1

Ordinance to require installation 
of dedicated irrigation meters.. 3 3 3 4 4 4

Distribution System Retailer incentives for leak 
detection & repair 3 3 4 4 4 4

Rates Advice & tech assistance to 
retailers 2 2 2 3 4 3

Design

Metering

Miscellaneous

CII Exterior New 
Construction
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Appendix B
Detailed Program Analysis Savings and Cost Parameter 
Values
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Program Savings and Cost AssumptionsProgram Savings and Cost Assumptions
Si l  F ilSingle FamilySingle Family

Per

P

Per-

P i i  S i  Lif
Natural Free Annual

P P ti i t C tProgram Participant Savings Life
Natural

Replacement

Free

Ridership

Annual

Fixed Cost
Per-Participant Costg p

Savings

g
Replacement Ridership Fixed Cost

p

Savings

(gpd) * (Years) (%) (%) Admin Rebate(gpd) (Years) (%) (%) Admin Rebate

*(Unless(Unless

indicatedindicated

otherwise)otherwise)

HET R b t 29 70 25 4 0% 25 0% $40 $125 $39 646HET Rebate 29.70 25 4.0% 25.0% $40 $125 $39,646$ $ $ ,

Clothes Washer Clothes Washer 

Rebate (Existing 17 50 12 0 36% 20 0% $40 $150 $28 080Rebate (Existing 

& N  C )

17.50 12 0.36% 20.0% $40 $150 $28,080

& New Const))

LandscapeLandscape

Rebates (units 0.085 10 n/a n/a $0.40 $1.00 $20,513Rebates (units 

are sq ft) 

0.085 10 n/a n/a $0.40 $1.00 $20,513

are sq ft) 

Lg Lndscp Survey Lg Lndscp Survey 

& Hardware $1 000 $2 150& Hardware 

Rebates

$1,000 $2,150

Rebates

Survey 555 10 n/a n/aSurvey 555 10 n/a n/a

E i t Equipment
555 10 n/a n/a $4 000

q p
Rebates

555 10 n/a n/a $4,000
Rebates

WBIC R b t  f  WBIC Rebates for 
629 10 n/a n/a $229 $700 $8 286

Large Landscapes
629 10 n/a n/a $229 $700 $8,286

Large Landscapes

S ll L d  Small Lndscp p

Hardware $75 $2,150Hardware

Rebates

$75 $2,150

Rebates

Survey 30 00 10 n/a n/aSurvey 30.00 10 n/a n/a

ET Controller ET Controller 
R b t

37.00 10 n/a n/a $350
Rebates

37.00 10 n/a n/a $350

Oth  R b t 30 00 10 / / $250Other Rebates 30.00 10 n/a n/a $250

Irrigation Hdwr Irrigation Hdwr 

R b  f  N  $45 $2 150Rebate for New $45 $2,150

Construction

$ $ ,

Construction

C ll 3 00 0 / / $ 00ET Controller 37.00 10 n/a n/a $100/ / $

Oth  R b t 30 32 10 / 25 0% $100Other Rebates 30.32 10 n/a 25.0% $100
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Program Savings and Cost AssumptionsProgram Savings and Cost Assumptions
M lti F ilMulti-FamilyMulti Family

PerPer-
Natural Free Annual

Program Participant Savings Life
Natural

R l t

Free

Rid hi

Annual

Fi d C t
Per-Participant CostProgram Participant

Savings

Savings Life
Replacement Ridership Fixed Cost

Per Participant Cost

Savings

( d) * (Y ) (%) (%) Ad i R b t(gpd) * (Years) (%) (%) Admin Rebate(gp ) ( ) ( ) ( )

*(Unless(Unless

indicatedindicated

otherwise)otherwise)

HET Install 52 44 25 4 0% 10 0% $255 $0 $2 854HET Install 52.44 25 4.0% 10.0% $255 $0 $2,854

Clothes Washer Clothes Washer 

Rebate In-Unit 
7 00 12 0 4% 20 0% $40 $150 $7 020

Rebate In Unit 

(Existing & New 
7.00 12 0.4% 20.0% $40 $150 $7,020

(Existing & New 

Const)Const)

Clothes Washer Clothes Washer 

Rebate Common Rebate Common 

(E i ti  & N  
49.41 12 0.4% 20.0% $40 $400 $7,020

(Existing & New 
49.41 12 0.4% 20.0% $40 $400 $7,020

( g

Const)Const)

LandscapeLandscape

R b t  (U it  0 085 10 / / $0 07 $1 00 $13 675Rebates (Units 0.085 10 n/a n/a $0.07 $1.00 $13,675

are sq ft)are sq ft)

Irrigation Hdwr Irrigation Hdwr 

Rebate for New $89 $0Rebate for New 

Conltruction

$89 $0

Conltruction

ET C t ll 260 05 10 / / $250ET Controller 260.05 10 n/a n/a $250/ / $

Oth  R b t 213 07 10 / 25 0% $250Other Rebates 213.07 10 n/a 25.0% $250

SubmeteringSubmetering

R b t  E i ti  21 80 25 / / $25 $150Rebate: Existing 21.80 25 n/a n/a $25 $150g

Construction

$ $

Construction

SubmeteringSubmetering

b b l 0 00 2 / / $2 $ 00Rebate: Mobile 50.00 25 n/a n/a $25 $100

Homes

/ / $ $

Homes

SubmeteringSubmetering

Rebate: New 21.80 25 n/a n/a $25 $100Rebate: New 

Construction

21.80 25 n/a n/a $25 $100

Construction
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Program Savings and Cost AssumptionsProgram Savings and Cost Assumptions
CII HET Di t I t ll tiCII HET Direct InstallationsCII HET Direct Installations

PPer-
Natural Free Annual

Sector Participant Savings Life
Natural

R l t

Free

Rid hi

Annual

Fi d C t
Per-Participant CostSector Participant

Savings

Savings Life
Replacement Ridership Fixed Cost

Per Participant Cost

Savings
p p

( d) * (Y ) (%) (%) Ad i R b t(gpd) * (Years) (%) (%) Admin Rebate(gp ) ( ) ( ) ( )

*(Unless*(Unless

indicatedindicated

otherwise)otherwise)

Hotels 20 00 25 4 0% 20 0% $265 $0 $2 000Hotels 20.00 25 4.0% 20.0% $265 $0 $2,000

Offices 25 00 25 4 0% 20 0% $265 $0 $2 000Offices 25.00 25 4.0% 20.0% $265 $0 $2,000

Schools 67 50 25 4 0% 20 0% $265 $0 $2 000Schools 67.50 25 4.0% 20.0% $265 $0 $2,000

Restaurants 58 75 25 4 0% 20 0% $265 $0 $2 000Restaurants 58.75 25 4.0% 20.0% $265 $0 $2,000

Health Facilities 26 25 25 4 0% 20 0% $265 $0 $2 000Health Facilities 26.25 25 4.0% 20.0% $265 $0 $2,000

Retail Wholesale 52 50 25 4 0% 20 0% $265 $0 $2 000Retail-Wholesale 52.50 25 4.0% 20.0% $265 $0 $2,000

Industrial 28 75 25 4 0% 20 0% $265 $0 $2 000Industrial 28.75 25 4.0% 20.0% $265 $0 $2,000

Other 27 08 25 4 0% 20 0% $265 $0 $2 000Other 27.08 25 4.0% 20.0% $265 $0 $2,000
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Program Savings and Cost AssumptionsProgram Savings and Cost AssumptionsProgram Savings and Cost Assumptions
CII Oth  CII Other CII Other 

Per- Natural Annual Per-Per- Natural
Free Annual

Annual Per-

Program Participant Savings Life Replacemen
Free Annual

ParticipantPer-Participant CostProgram Participant Savings Life Replacemen
Ridership Fixed Cost

ParticipantPer-Participant Costg p

Savings

g p

t
Ridership Fixed Cost

p

Cost

p

Savings t
p

Costg

(gpd) * (Years) (%) (%) Admin Rebate(gpd) * (Years) (%) (%) Admin Rebate(gp ) ( ) ( ) ( )

*(Unless(Unless

indicatedindicatedd a d

otherwise)otherwise)

Clothes Washer Clothes Washer 

Rebate LongRebate Long-
1 508 14 n/a n/a $1 48 $22 $35 100

g

Term (Existing & 
1,508 14 n/a n/a $1.48 $22 $35,100

Term (Existing & 
, / / $ $ $ ,

e ( st g &

New Const)New Const)New Const)

Industrial Process Industrial Process 
40% 5 n/a n/a $10 000 $1 000

Rebates
40% 5 n/a n/a $10,000 $1,000

Rebates
/ / $ , $ ,

M di l MedicalMedical

S ili 1 2 2 20 / / $100 $1 2 0 $ 00Sterilizers: 1,242 20 n/a n/a $100 $1,250 $7,500Sterilizers: 1,242 20 n/a n/a $100 $1,250 $7,500

Condensate TypeCondensate Type

MedicalMedical

Sterilizers: 1729 20 n/a n/a $7 450 $7 350 $7 500Sterilizers: 1729 20 n/a n/a $7,450 $7,350 $7,500

Ejector Type

$ , $ , $ ,

Ejector Typej yp

Food Steamers 223 15 n/a n/a $100 $2 500 $10 000Food Steamers 223 15 n/a n/a $100 $2,500 $10,000

Lg Lndscp Survey Lg Lndscp Survey 
$1 000 $2 150

g p y

& Hdwr Rebate
$1,000 $2,150

& Hdwr Rebate
$ , $ ,

Survey 555 10 n/a n/a $0Survey 555 10 n/a n/a $0y / / $

EquipmentEquipment
555 10 n/a n/a $4 000

q p
Rebates

555 10 n/a n/a $4,000
Rebates

/ / $ ,

ll dSmall Lndscp Small Lndscp 

Hardware $400 $2 150Hardware $400 $2,150

RebatesRebates

Survey 47 10 n/a n/a $0Survey 47 10 n/a n/a $0y $

EquipmentEquipment
64 10 n/a n/a $400 $1 000

Rebates
64 10 n/a n/a $400 $1,000

Rebates

L  L d  B d t Lg Lndscp Budget Lg Lndscp Budget 

(D di t d 1 394 25 / / $142 / $3 000(Dedicated 1,394 25 n/a n/a $142 n/a $3,000(Dedicated

M t )

1,394 25 n/a n/a $142 n/a $3,000

Meters)Meters)

L  L d  B d t Lg Lndscp Budget 
548 25 / / $142 / $3 000 $100

Lg Lndscp Budget 

(Mi d M t )
548 25 n/a n/a $142 n/a $3,000 $100

(Mixed Meters)
548 25 n/a n/a $142 n/a $3,000 $100

(Mixed Meters)

LandscapeLandscapeLandscape

Rebates (units 0 085 10 n/a n/a $0 074 $1 00 $3 846Rebates (units 0.085 10 n/a n/a $0.074 $1.00 $3,846Rebates (units 

a e sq ft)

0.085 10 n/a n/a $0.074 $1.00 $3,846

are sq ft)are sq ft)

WBIC Rebates for WBIC Rebates for 
629 10 n/a n/a $240 $700 $8 286

Large Sites
629 10 n/a n/a $240 $700 $8,286

Large Sites
/ / $ $ $ ,

a ge S tes

WBIC Rebates for WBIC Rebates for 
72 10 n/a n/a $333 $350 $4 143

WBIC Rebates for 

Small Sites
72 10 n/a n/a $333 $350 $4,143

Small Sites
72 10 n/a n/a $333 $350 $4,143

Small Sites

CII Surveys (Cost CII Surveys (Cost 
$125 000

y (

only)
$125,000

only)
$ ,

y)
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Program Savings and Cost AssumptionsProgram Savings and Cost Assumptions
Miscellaneous ProgramsMiscellaneous Programs

Per-

P

Per-

P ti i t S i  Lif
Natural Free

Per Participant CostProgram Participant Savings Life
Natural

Replacement

Free

Ridership
Per-Participant Costg p

Savings

g
Replacement Ridership

p

Savings

(gpd) * (Years) (%) (%) Admin Rebate(gpd) * (Years) (%) (%) Admin Rebate

*(Unless*(Unless

i di t d indicated

otherwise)otherwise)

Retailer 1% ofRetailer

Incentives for 

1% of

county wide Incentives for county-wide
25 5 0% 25 0% $2 000

Leak Detection & 

y

demand by 
25 5.0% 25.0% $2,000

Leak Detection & 

Repair

demand by 

2020Repair 2020p
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Appendix C
Review of Literature on Voluntary Conservation 
Programs and Information Campaigns

Summary of Findings
The literature on effectiveness of voluntary, mandatory, and price-based urban 
water conservation policy instruments was reviewed to determine reasonable 
ranges of water savings to expect from the implementation of conservation 
campaigns in response to drought-induced water shortages.

Finding 1: Public Information Programs and Voluntary Conservation Measures
Reviewed literature suggests that public information campaigns, appeals for 
conservation, and voluntary measures are mildly to moderately effective at 
reducing water use.  Estimates of effectiveness typically range from 0% to 30% 
of average household water use. Syme, et al. (2000) concluded that education 
campaigns could result in significant (up to 25%) water savings in short-term 
or crisis situations, but that the effectiveness of such campaigns in the longer 
term has yet   to be demonstrated.  Estimates of the effectiveness of voluntary 
conservation measures during the 1987-92 California drought by Hanemann and 
Nauges (2005) and by Renwick and Green (2000) cluster around 10% of average 
household demand.

For strategic planning, we recommend the following savings range for short-term 
response to public information programs and voluntary conservation measures:

Lower-bound – 5% of average household demand

Best Estimate – 10% of average household demand

Upper-bound – 15% of average household demand

Finding 2: Mandatory or Price-Based Measures
Reviewed literature suggests that mandatory usage restrictions and programs 
backed by financial or rate-based penalties are moderately to very effective at 
reducing water use.  Estimates of effectiveness range between 15% and 30%, with 
a central tendency between 25% and 30%.  During California’s last major drought 
(1987-1992), mandatory conservation measures were estimated to reduce 
average household demand by 20% to 30%.  During the 1977 drought, Bruvold 
(1979) estimated that rigorously enforced conservation restrictions implemented 
by eight Bay Area water agencies reduced per capita household water use by 30% 
to 60%.
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For strategic planning, we recommend the following savings range for short-
term response to mandatory conservation and water use restrictions backed by 
financial or rate-based penalties:

Lower-bound – 15% of average household demand

Best Estimate – 25% of average household demand

Upper-bound – 30% of average household demand

Reviewed Literature
Syme et al. (2000)
Syme, et al. (2000) reviewed the literature addressing effectiveness of publicity 
and information campaigns to conserve water.  They consider both narrative and 
statistical evaluation studies.  They describe the narrative evaluation approach 
as one that employs information from case studies to assess the outcomes 
and effectiveness of an information campaign.  This contrasts with statistical 
approaches, which attempt to use regression models and other statistical 
techniques to control for extraneous factors impacting water use in the presence 
of information campaigns.  They summarized findings from several narrative 
evaluations, as follows:

Century Research Corporation (1972): Evaluated effectiveness of winter 
conservation campaigns throughout 17 communities in the United States during 
droughts.  Towns and cities reviewed ranged from small communities to large 
cities (e.g. Miami).  Study concluded that information campaigns should produce 
an overall reduction of between 15% and 30% if started early in the developing 
drought situation.

Blackburn (1978): This study estimated that publicity resulted in approximately 
20% savings during the 1976 drought in Britain.

Gilbert (1978): This study estimated that information campaigns reduced water 
use by 15% to 20% during droughts in the mid- to late 1970s over much of the 
United States.

Berk et al. (1993): This study reported that voluntary campaigns produced water 
savings as high as 28% in the late 1980s in California. 

Syme et al. (2000) also reviewed several statistical studies examining the 
outcomes of information campaigns and other measures on water use.  The 
authors noted numerous statistical problems associated with these studies, most 
notably multicollinearity of dependent variables.  Based on their review, the 
authors concluded that “regression-based time-series analyses seem too blunt an 
instrument to define the effectiveness of information campaigns.  For short-term, 
drought-motivated campaigns, multicollinearity with other variables seems to be 
an ongoing problem.  For longer term campaigns, adequate precision in terms of 
what should represent publicity and how much differing aspects of the information 
should be disaggregated still remain problems to be resolved.”
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With regard to the overall effectiveness of information and public awareness 
campaigns, Syme, et al. (2000) concluded:

it seems from our summative evaluations that education campaigns 
can result in significant (up to 25%) water savings in short-term or 
crisis situations. The effectiveness of such campaigns in the longer 
term has yet   to be demonstrated. The appropriate content, format, 
and mix of media have yet to be established, although written 
material on its own is unlikely to be effective. It seems that creating 
an appropriate motivation is important, and there is a need to 
understand how people’s attitudes and behaviors are modified by 
information campaigns.

Bruvold (1979)
Bruvold (1979) incorporated household-level attitudinal and behavioral variables 
into a cross-sectional model of nine Bay Area water districts.  The Bruvold study 
classified conservation campaigns as “mild,” “moderate,” and “rigorous.”  Districts 
with mild campaigns sought savings of 0% to 25% with few or no regulations 
or penalties.  Moderate and rigorous programs adopted a variety and varying 
levels of penalties and regulations.  Program effectiveness was measured as the 
percentage change in summer per capita use between 1976 and 1977.  For the 
households involved in the study, the estimate of change for mild, moderate, and 
rigorous programs was 33%, 53%, and 63%, respectively.  Water district estimates 
of the effectiveness of mild programs were lower, about 14%.

Hanemann and Nauges (2005)
Hanemann and Nauges (2005) examined household responses to voluntary, 
mandatory, and price-induced water conservation programs in Los Angeles during 
the 1988-1992 drought.  According to the authors, study results suggest that 
the voluntary conservation program induced a reduction in water use that varied 
between 1% and 13%, depending on household characteristics and temperature 
zone.  The mandatory conservation program induced a reduction in water use 
that varied between 21% and 29%.  Price responsiveness was estimated between 
-0.29 and -0.47 during the summer season and between 0.0 and -0.19 during 
the winter season.  Responsiveness to voluntary and mandatory programs 
was also found to vary by season.  Small lot customers were more responsive 
to voluntary programs than large lot customers.  This was generally true for 
mandatory programs as well, but to a much lesser degree.  Small lot customers 
were also found to be more price responsive than large lot customers during the 
winter season, but not so much during the summer season.

Renwick and Green (2000)
Renwick and Green (2000) assessed the effectiveness of price and demand side 
management (DSM) policies for reducing urban residential demand for water.  
The analysis relied on cross-sectional monthly time-series data for eight water 
agencies in California representing 24% of the state’s population.  Results suggest 
that both price and alternative DSM policies were effective in reducing demand, 
though the magnitude of reduction varied among policies.
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In addition to price, the study evaluated six non-price DSM policy instruments.  
These were: (1) public information campaigns, (2) financial incentives to adopt 
water efficient technologies, (3) distribution of free plumbing retrofit kits, (4) 
water rationing/allocation policies, (5) restrictions on certain water uses, and 
(6) an affidavit compliance policy.  With one exception, each of the policies was 
implemented by at least two of the eight water districts in the study.  Only San 
Francisco implemented the affidavit compliance policy.

Public information campaigns were found to have reduced average residential 
water demands by 8%.  Rebates and financial incentives were found to have a 
similar impact, reducing average residential water demands by 9%.  Rationing 
and restricting DSM policies were found to be significantly more effective, 
reducing average residential water demands by 19% and 29%, respectively.  The 
effect on average household water use of the affidavit compliance policy was not 
found to be significantly different from zero.

Renwick and Archibald (1998)
Renwick and Archibald (1998) assessed the effectiveness of price and DSM 
policies for reducing residential demand for water in Santa Barbara and Goleta, 
California.  Two DSM policy instruments were evaluated: (1) mandatory reduction 
in use, enforced with penalty rates (Goleta), and (2) banning use landscape 
irrigation systems other than hand watering and drip (Santa Barbara).  Goleta’s 
allocation policy was estimated to reduce average household water use by 28% 
while Santa Barbara’s irrigation system restrictions were estimated to reduce 
water use by 16%.
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Water use efficiency is using the least amount of water possible to successfully accomplish tasks. Over 
the past few decades Californians have made great progress in urban water use efficiency. Once viewed 
and invoked primarily as a temporary strategy in response to drought or emergency water shortage 
situation, water use efficiency has become a permanent part of the long-term management of California’s 
water supply. At the individual level, the benefits of water use efficiency may appear small, incremental, 
or difficult to see; but when Californians act together as a community to conserve water, the cumulative 
effect is significant and the benefits are widespread.  

There are several factors that have contributed to increased water use efficiency; outreach efforts that 
have increased awareness and changed behaviors, urban water suppliers’ implementation of Best 
Management Practices, plumbing codes requiring more efficient fixtures, the model water efficient 
landscape ordinance, new technologies in the commercial/industrial sector, and mandates for converting 
unmetered connections to metered. 

However, with tighter environmental constraints on the delta, increasing population, and the necessity of 
adapting to climate change, even greater efficiencies will be needed, and are achievable. When faced with 
an increasing demand for water, water agencies can consider options for increasing supplies or reducing 
demand, or a combination of both, to meet this need. Increasing water supply can be expensive, and can 
include possible costs of purchasing additional water, capital cost of production and distribution systems, 
water supply treatment facilities, energy costs, and wastewater treatment facilities. Reducing demand 
through increased water use efficiency is generally lower cost and quicker to implement. 

Because of the importance of water use efficiency, the state legislature has directed urban retail water 
suppliers to reduce urban per capita water use by 20% by the year 2020. This legislation, The Water 
Conservation Act of 2009, Senate Bill Number 7 of the 7th Extraordinary session (SBX 7-7), was enacted 
as part of a five bill package aimed at improving the reliability of California’s water supply and restoring 
the ecological health of the Delta. SBX7-7 had multiple urban and agricultural water use efficiency 
provisions. The key urban conservation measure established a statewide goal of reducing urban per capita 
water use 20% by 2020. Meeting this statewide goal of a 20% decrease in demand will result in almost 2 
Million Acre Feet (MAF) reduction in urban water use in 2020.  

This chapter will present the practices already employed in urban water conservation, as well as 
describing how further efficiencies can be achieved, and how the goal of 20% reduction by 2020 can be 
met. 

Benefits of Urban Water Use Efficiency 
Using water efficiently yields multiple benefits, including: 

 Increased reliability of water supplies  
 Improved capacity to meet the increasing water demand of California’s growing population 
 Delayed capital costs for new infrastructure to treat and deliver water 
 Reduction in contaminated irrigation runoff to surface waters  
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 Reduced volume of wastewater, thus reducing capital costs and ongoing treatment costs 
 Increased availability of water for surface or groundwater storage in wet years  
 Reduced water-related energy demands and associated greenhouse gas emissions 
 Reduced diversions from the Bay-Delta.  

 

PLACEHOLDER Box 3-1 Reducing Irrigation Runoff Helps Local Waterways 
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

PLACEHOLDER Box 3-2 Climate Change and Water Use Efficiency: The Energy-Water Nexus 
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

Costs of Implementing Urban Water Use Efficiency  
Increasing the supply of water has the same effect on water availability as decreasing the demand for 
water (through increased efficiency). However, historically reliable methods for increasing supply, such 
as building new dams for surface storage, or increasing water exports from the Delta, are becoming less 
certain as California moves into the future. Many water suppliers are turning to other strategies, such as 
improving efficiency, to meet increasing demand. And as the costs for increasing water supply go up, 
even the more expensive conservation strategies may become economically viable in the future.  

Below are some examples of costs for water use efficiency practices. These costs will vary from supplier 
to supplier, but are provided here as an illustration of what can be reasonably expected.  

Sample Costs of Water Use Efficiency to Water Suppliers per Acre Foot of Water Saved:  

 Residential Programs 1, 2, 3, 5, 8 
o Toilet Rebates: $158 - $475/AF 
o Residential Audits: $236 - $1474/AF 
o Clothes Washer Rebates: $154 - $480/AF 

 CII Programs 2, 3, 9, 10 
o Toilet Rebates: $242 - $1018/AF 
o Urinal Replacement: $320 - $583/AF 
o Pre-Rinse Spray Valves: $78/AF 

 Landscape Programs 1, 2, 5, 8 
o Landscape Audits: $58 - $896/AF 
o Equipment Rebates: $15 - $181/AF 
o Turf Removal: $274 - $717/AF 
o Water Budgets: $10 - $59/AF 

 Utility Operations Programs 4, 5 
o System Audits/Leak Detection: $203-$658/AF 
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It is conservatively estimated that a well-implemented set of water conservation programs would cost a 
water supplier an average of $333-$500 per Acre Foot6. 

There are other important water conservation programs that cannot be quantified as ―cost per acre foot of 
water saved‖. These include designating and supporting a water conservation coordinator, implementing 
education and outreach programs, and developing and implementing a water waste prohibition ordinance.  

Citations 

1 Urban Water Management Plan, Appendix B, City of Paso Robles, 2010 

2 Urban Water Management Plan, Los Angeles Dept of Water and Power, 2010 

3 Reports on Potential Best Management Practices, CUWCC, 2004, 2005, 2006, 2007 

4 BMP3 Cost Savings Study 

5Urban Water Management Plan, Marin Municipal Water District, 2010 

6Transforming Water: Water Efficiency as Stimulus and Long-term Investment, Alliance for Water 
Efficiency 

7 San Diego’s Water Sources: Assessing the Options, Equinox Center, 2010  

8 Urban Water Management Plan City of Sacramento, 2010 

9 http://www.ebmud.com/sites/default/files/pdfs/Pre-Rinse-Nozzle-Spray.pdf 

10 AllianceforWaterEfficiency.org/commercial_dishwash_intro 
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Legislature, DWR, 2012 

PLACEHOLDER Box 3-3 San Diego’s Water Sources: Assessing the Options 
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

Urban Water Use Efficiency Today in California 

Demand Management Measures (DMMs) and Best Management Practices 

(BMPs)  

DMMs and BMPs are practices that can be implemented by urban water suppliers to conserve water. 
They have been the major driving force behind urban water conservation in the State of California.  

The Urban Water Management Planning Act placed the DMMs in the water code and required urban 
water suppliers serving over 3000 connections or over 3000 acre feet of water per year to describe their 
DMM implementation in their Urban Water Management Plans, which are submitted every five years.  

These DMMs were included in the California Urban Water Conservation Council’s (CUWCC’s) 
Memorandum of Understanding (MOU), but labeled as Best Management Practices (BMPs). Water 
agencies that became signatories to the MOU pledged to implement the BMPs to specified levels and to 
report progress on their BMP implementation biannually to the CUWCC.  

Originally the CUWCC BMPs were the same as the Demand Management Measures (DMMs) listed in 
the Urban Water Management Planning Act. But in 2008 the CUWCC BMPS underwent a significant 
revision. The BMPs were reorganized as either ―Foundational‖ or ―Programmatic‖ BMPs and 
renumbered, as reflected in Table 3-1. More details on the revised BMPs can be found at 
www.cuwcc.org. 

The CUWCC BMP revision also provided member agencies three options for complying with the BMP 
water saving goals. The goals could be met through one of the following three measures:  

 performing the specific measures listed in each BMP;  
 performing a set of measures which achieves equal or greater water savings, referred to as the 

Flex Track Menu;  
 accomplishing set water savings goals as measured in gallons per capita per day consumption.  

In order to be eligible for grant or loan funding from the State of California, an urban water supplier, 
whether a signatory to the CUWCC MOU or not, must demonstrate that it’s efforts in implementing each 
DMM or BMP will be implemented at the coverage level determined by the CUWCC MOU.  

Some of the BMPs provide quantifiable water savings, and others do not. For example, within BMP 3 is 
the practice of toilet retrofits; replacing a 5 gallon per flush toilet with a 1.6 gallon per flush toilet yields 
water savings of 3.4 gallons per flush. Contrast that to BMP 2, Education and Information Programs. 

http://www.cuwcc.org/
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While education is critical to conservation and necessary to move people to new behaviors, it is not 
possible to correlate each educational effort with specific water savings. 

PLACEHOLDER Table 3-1 Best Management Practices 

[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

References 

CUWCC MOU 

Revised BMPs 

Urban Water Management Planning Act 

Met Appendices on Water Sense 

Save Our Water Campaign 

20 x 2020: A New Direction  

History  
In 2008 the Delta Vision Blue Ribbon Task Force called for improved water use efficiency and 
conservation in order to reduce exports from the Delta. The Task Force specifically recommended a 
statewide 20 percent per capita reduction in water use by the year 2020. In response to this 
recommendation, a 20 x 2020 State Agency Team on Water Conservation was formed. The Agency Team 
subsequently wrote the 20 x 2020 Water Conservation Plan1 outlining recommendations on how 
statewide per capita water use reduction, meeting the goal of 20% reduction by 2020, could be 
successfully implemented.  

In November 2009, The Water Conservation Act of 2009, Senate Bill Number 7 of the 7th Extraordinary 
session (SBX 7-7)2, was enacted by the California legislature. The urban water conservation provisions of 
SBX 7-7 reflect the approach taken in the 20 x 2020 Water Conservation Plan and set an overall goal of 
reducing per capita urban water use statewide by 20% by 2020.  

The SBX 7-7 legislation also directed DWR to address the following urban water use efficiency issues: 
 Convene a task force to investigate alternative best management practices for the commercial, 

industrial and institutional sectors (CII Task Force) 
 Establish a standardized water use reporting form  
 Promote regional water resource management through increased incentives and decreased 

barriers  
 Develop statewide targets for regional water management practices like recycled water, 

brackish groundwater, desalination and urban stormwater infiltration and direct use. 
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The 20 x 2020 Process  
Water suppliers play a fundamental role in carrying out the statewide water reduction goal of 20% by 
2020. Each supplier over a certain size is required to set water use targets based on their historical water 
use, the local climate, and locally implemented conservation programs. The statewide goal will be met by 
combining the water reductions from each water supplier.  

The legislation does not require a reduction in the total volume of water used in the urban sector. That  
is because other factors, such as changes in economics or population, will affect water use. Rather,  
the legislation requires a reduction in per capita water consumption and is calculated in gallons per  
capita per day.  

As set out in the SBX 7-7 legislation, and using the methodologies and criteria in ―Methodologies for 
Calculating Baseline and Compliance Urban Per Capita Water Use‖, DWR, October 2011, water 
suppliers:  

 must determine their baseline water use and target water uses for 2015 and 2020. Wholesale 
suppliers are not required to set targets, but are directed to assist their retail suppliers in meeting 
the targets.  

 must report their gross water use during the final year of the reporting period (years 2015 and 
2020). This is known as the ―Compliance Water Use‖.  

 may revise their baseline water use calculations and change the method used to set their targets 
after submitting their 2010 UWMPs.  

Impact of 20 x 2020 
Projecting forward to the year 2020, with statewide population expected to be in the range of 44 million 
people, a decrease in per capita water use of 20% will equate to an annual demand reduction of 2 million 
acre feet of water. 

The requirement that all urban retail water suppliers quantify per capita baseline water use, set water use 
targets, and then show actual reductions in 2015 and 2020 has caused suppliers across the state to pay 
particularly close attention to the effectiveness of their water conservation programs.  

Citations 

1 20x2020 Plan 

2 SBX 7-7 

3Methodologies for Calculation Baselines and Targets 

4 Delta Vision Strategic Plan, Strategy 4.1 October 2008 

Baseline Water Use  
The statewide average baseline water use is 198 gallons per capita per day (gpcd). This figure is derived 
from baselines reported in Urban Water Management Plans from 342 retail water agencies1. The time 
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period for the baseline water use is largely from 1996 to 2004, though suppliers could choose any 10 
consecutive years from between 1995 and 2010.  

Figure 3-1 shows how baseline water use differs regionally across the state. Generally lower water use is 
seen along the coast and increasing water use in the inland valleys, though low or high per capita water 
use is not necessarily an indicator of efficiency. Climate and land use factors can have a significant effect 
on water use. The coastal areas generally use less water in their landscapes because the marine climate 
provides a lower rate of evapotranspiration and the size of coastal residential landscapes tends to be 
smaller than inland areas. Increased efficiencies have also been needed on the coast because these 
communities were strongly impacted in the 1988-92 drought and a number of conservation programs 
were implemented to improve water supply reliability.  

PLACEHOLDER Figure 3-1 Average Regional Baseline Water 

[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

PLACEHOLDER Figure 3-2 Range of Baseline Water Use Reported by Urban Water Suppliers 

[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

Figures 3-1 and 3-2 display the range of per capita water use reported by the water agencies in their 2010 
UWMPs. 15 suppliers had water use below 100 gpcd while four suppliers had water use greater than 1000 
gpcd. The 15 suppliers below 100 gpcd were generally near the coast in dense urban environments with 
smaller landscape areas. The suppliers with higher water use are typically supplying water to homes or 
ranchettes in suburban or rural areas with large areas of irrigated landscape or pastures. 

Water Use by Sector  

The total volume of urban water use, statewide, as reported in the California Water Plan, is 8.8 million 
acre feet (MAF) per year. This is an eight year average for the time period of 1998-2005 2. There is some 
variation in water use reporting between the California Water Plan and 20 x 2020 calculations used in 
Urban Water Management Plans. When estimating urban water use, Water Plan calculations include the 
use of recycled water, self supplied industrial water, potable water supplied to agriculture, conveyance 
losses, and water used for ground water recharge. The 20 x 2020 calculations used in Urban Water 
Management Plans do not include these urban water uses.  

Table 3-2 and Figure 3-3 show the division of the 8.8 MAF of urban water use (as reported in the 
California Water Plan) into water use sectors. The percentages of water use for each sector are taken from 
the California Water Plan 20091. 

PLACEHOLDER Table 3-2 Statewide Urban Water Uses 

[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  
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PLACEHOLDER Figure 3-3 Urban Water Use Statewide Average  

[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

2010 Water Use in Gallons per Capita per Day (GPCD)  

The 2010 statewide average water use, as reported in 2010 UWMPs, was xxxx gpcd2 [still being 
calculated].  

Because of the economic downturn, the 2007-2009 drought, and a cool summer in 2010, many suppliers 
have reported significant drops in water use in the last few years and some have already met their 2020 
water use target. These suppliers are now focused on ways to keep water use low once the economy 
improves and a more typical weather pattern returns. 

Citations  

1 CA water Plan 2009 

2 DWR report to legislature 2010 UMWPs 

2015 and 2020 Water Use Targets  
Water suppliers reported their 2015 and 2020 per capita water use targets in their 2010 Urban Water 
Management Plans. The average 2020 target reported was 166 gpcd. This target is a 16.2% reduction 
from the statewide average baseline of 198 gpcd, which is less than the 20% goal. The legislation 
provided four methods for calculating the 2020 target and this allowed some suppliers to select targets 
lower than the 20% goal, but none of the methods require suppliers to select targets higher than 20%.  

After receiving the 2015 UWMPs, DWR is required to report to the legislature on progress towards the 
20% goal. Suppliers are expected to be half way between the baseline and the 2020 target by 2015. If the 
state, overall, is not on track to meet the 20% target, DWR is directed to provide recommendations to the 
legislature on how the goal can be achieved.  

A list of the individual water supplier’s baselines and targets and more information on statewide and 
hydrologic region averages is available in DWR’s report to the legislature on the 2010 Urban Water 
Management Plans1. 

Citations 

1 DWR Report to Legislature on 2010 UWMPs 
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Meeting the Targets – Potential Savings by Sector 
Since the early 1990’s voluntary implementation of BMPs and new codes and regulations have increased 
water use efficiency in California. However, abundant opportunities still exist to increase urban water use 
efficiency, and many of these opportunities will need to be tapped in order for California to achieve its 
20% reduction goal by 2020. Descriptions of actions that can be taken, and their potential for increased 
savings, are presented below. 

All water savings noted in the following sections are comparisons to the baseline water use reported by 
water suppliers in their 2010 Urban Water Management Plans. Because baselines and targets are reported 
in gallons per capita per day (gpcd) the descriptions presented below will state the current water use and 
potential savings in GPCD.  

These opportunities for savings are from a statewide perspective. The savings for an individual water 
agency will vary depending on their unique local conditions.  

Landscape Irrigation 

Annual water demand for urban landscape irrigation (residential and large landscapes) amounts to 
approximately 4 million acre feet, about 43% of urban demand (see Table 3-2 and Figure 3-3). However, 
water waste from landscapes is common and can often be seen as water running down street gutters, leaks 
and overspray from broken or misdirected sprinkler heads, and watering during a rainstorm.  

Improving landscape irrigation efficiency presents an opportunity for significant water conservation in the 
state and can be accomplished using a variety of tools, such as, proper irrigation system design, regular 
system maintenance, adjustments to the irrigation schedule, conducting irrigation audits, use of water 
budgets, and water efficient landscape design that includes water efficient plants and water retention 
features, such as swales or rain gardens. Each of these opportunities varies in degree depending on 
landscape size, local climate, maintenance budgets, and landscape function. 

PLACEHOLDER Box 3-4 Landscape Irrigation Runoff  
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

Landscape irrigation audits and landscape water budgets provide a means to measure irrigation efficiency 
and indicate where improvements can be made. Monitoring water use and comparing it to a water budget 
based on landscape area, plant water needs, and local climate is the easiest way to determine if a site is 
irrigating efficiently. The United States Environmental Protection Agency (EPA) WaterSense1 program 
has labeled several certification programs offered in California that instruct and certify landscape 
professionals in advanced water management and irrigation auditing. 

Another effective method for reducing irrigation demand is through selection of low water using plants 
and a corresponding reduction in water application. Plant choices and landscape styles are driven by 
economic factors and esthetic concerns. Initially some low water using landscapes may cost more to 
install, but over time the decreased water and maintenance demands offset the higher installation costs. 
Esthetic needs are difficult to quantify, but there is increased interest in using California natives, other 
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Mediterranean climate plants, and desert plants. Research and development by universities and sod 
producers have led to the introduction of lower water using varieties of turf grasses.  

Urban landscapes can be divided into three categories; residential, large landscape, and CII mixed meter. 
Each of these uses is addressed more specifically below.  

PLACEHOLDER Box 3-5 The Value of Landscape Water Budgets 
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

Residential Landscapes 
Outdoor residential water use represents the single largest end use of urban water, accounting for 34% of 
total urban use3.  

Many factors contribute to the large amount of water used in residential landscapes, including population 
shifts to hotter interior regions which often have larger residential landscapes4, the prevalence of cool 
season turf grasses and other high water use plants, irrigation systems that are inefficient and poorly 
maintained, and widespread overwatering of all plant types. The routine use of automatic irrigation 
controllers has been shown to increase water use at single family homes by more than 50% over the use at 
homes with manually operated irrigation systems5.  

Looking at utility-wide water use patterns, water users irrigating at a rate less than a calculated water 
budget frequently counterbalance those that apply too much water6. It can be assumed that most of those 
that under irrigate are nevertheless satisfied with the quality and appearance of their landscapes, otherwise 
those irrigators would have increased their water use. In the report ―Evaluation of California Weather-
Based ―Smart‖ Irrigation Controller Programs‖ 41.8 % of sites had an increase in water use over the 
historical application ratio7. This can be attributed to the fact that many landscapes need less water than 
the theoretical water requirement that the weather based irrigation controllers applied and it is apparent 
that many landscapes can be maintained at a rate below a calculated water budget of 100% or even 80% 
of Reference Evapotranspiration (ETo). 

There are at least two possible explanations for this phenomenon; either some landscapes require less 
water than previously thought because of actual plant water needs, soil conditions and cultural factors 
contribute to a lower demand or the standard used to estimate water requirements needs to be reevaluated. 
Prior to 2010, landscapes that were installed in compliance with the AB 325 (1990) Model Water 
Efficient Landscape Ordinance (MWELO) were allowed a water budget that did not exceed an 
Evapotranspiration Adjustment Factor (ETAF) of 0.8. Currently, the AB 1881 (2006) MWELO water 
budget for most non-recreational landscapes is calculated with an ETAF of 0.7. In the report ―Water 
Smart Landscapes for California‖, the AB 2717 Landscape Task Force recommended (Recommendation 
12) that the ETAF be reviewed every ten years for possible further reduction8. After more research is 
completed in plant water needs, it may be appropriate to lower the ETAF used in the water budget 
calculation.  

In light of these findings, water suppliers should focus their efforts and resources on water users with high 
application rates per landscape area14. As a marketing tool, a cost benefit analysis based on water rates 
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and other factors can pre-determine which customers would be the best candidates for intervention, both 
in terms of maximizing water supplier resources and customer buy-in. Furthermore, because most 
residential users underestimate the quantity of water used in their landscape9, education components 
remain a vital tool in that they increase the water savings potential18.  

Several water use studies (Waste Not, Want Not, Pacific Institute10; Residential Weather Based Irrigation 
Scheduling, Irvine Ranch11; Lawns and Water Demand, Public Policy Institute12; California Single 
Family Water Use Efficiency Study14) indicate that residential landscape water demand can potentially be 
reduced by at least 20%-25% with some researchers estimating savings potential of 45% or more13.  

The baseline rate of residential outdoor water use is estimated at 81 GPCD as follows: baseline residential 
outdoor use is 3.0 MAF (see Table 3-2), divided by a 2000 population of 33,780,000, then converted to 
GPCD. 

A conservative estimate of 20% reduction would represent a savings of 16.2 GPCD, equating to an annual 
statewide reduction of 0.79 MAF by 2020. 

Large Landscapes (Dedicated Meters) 
Large landscapes are CII landscapes that are a category set apart by the presence of dedicated irrigation 
meters. Dedicated metering serves the purpose of accurately measuring the water use of a landscape and 
making it possible to assign and monitor water budgets and detect leaks. The CUWCC landscape BMP 
(formerly BMP 5) requires water use budgets to be assigned at 70% of local ETo. Based on an eight year 
average of DWR data (see Table 3-1 and Figure 3-3), large landscapes with dedicated meters accounted 
for 9% of urban water use or .8 MAF. Water use through the dedicated meter can be monitored by the 
irrigator and can provide immediate feedback on the amount of water moving through the meter. 
Programs such as the California Landscape Contractors Association (CLCA) Water Management 
Certification Program15 enable irrigation managers to monitor and track water use and manage a 
landscape at 80% of Reference Evapotranspiration (ETo) or less.  

PLACEHOLDER Box 3-6 Dedicated Water Meters: Water Code 535 
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

The numbers of sites and total acreage of sites designated as large landscapes will increase over time as 
mixed use meters at existing CII landscapes are retrofitted to dedicated meters. All new CII landscapes 
over 5000 square feet require a dedicated irrigation meter and are more accurately known as ―large 
landscapes‖.  

A CII Landscape Water Use Efficiency study (CLCA 200316) collected data collected from 449 CII 
landscapes. The results indicate that approximately 50% of CII landscapes are irrigated at an excess of 
100% ETo. If those sites reduced water use to maintain a water budget of 100% ETo, the author estimates 
a 15% demand reduction can be achieved. Potential landscape efficiency gains could be much greater 
than 15% if conversions from cool season turf to water efficient plants were included and if the water 
budget were reduced to 70% or 80% of ETo.  
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Recent information from the CLCA17 indicates that numerous sites maintained and managed under the 
Certified Water Manager program are performing at water budgets of 80% or less. As more landscape 
professionals adopt advanced water management techniques, water use in the CII and large landscape 
sectors will continue to decrease. 

Baseline water use on large landscapes is estimated at 21 GPCD. Using a conservative estimate of a 15 % 
reduction (3 GPCD), annual demand reduction by the year 2020 will be approximately 0.15MAF. 

Commercial/Industrial/Institutional Landscapes (Mixed Use Meters) 
Water use studies indicate that the opportunities for water savings in CII landscapes with mixed use 
meters are probably as high as residential landscapes; however significant data gaps exist due to 
inconsistencies in water use reporting. Suppliers voluntarily report their public water supply production 
and depending on the agency, landscape water use may be included in CII, multi-family or ―other‖ 

categories.  

Landscape Citations 
1 EPA Water Sense 

2 MWDOC Residential Runoff Reduction 

3 California Water Plan 2009 

4 PPIC Lawns  

5 Splash or Sprinkle 

6 California Single Family Home Study 

7 Evaluation of CA WBI Smart Irrigation Controllers 

8 CUWCC Water Smart Landscapes for Cal 

9 Statewide Market Survey: Landscape Water Use Efficiency, 2007, CUWCC  

10 Waste Not, Want Not, Pacific Institute 

11 IRWD Residential Weather Based Irrigation Scheduling 

12 PPIC Lawns and water demand 

13 Waste Not , Want Not, Pacific Institute 

14 California Single Family Home Study 



Chapter 3. Urban Water Use Efficiency 

California Water Plan Update 2013 — Advisory Committee Draft [Unedited]  |  3-13 

15 CLCA Water Manager Certification Program 

16 CLCA CII landscapes (Whitcomb) 

17 CLCA Water Forums 2012 

Indoor Residential Water Use 

Indoor residential water use (both single and multi-family housing) accounts for about 31% of total urban 
water use in California (See Figure 3-3 and Table 3-2). This equates to a baseline water use for indoor 
residential of 62 GPCD (using 8.8 million acre feet for the total annual urban water use6, and 33,780,000 
for the 2000 population).  

A comparison of indoor residential water use between California’s baseline (62 GPCD) and a 2000 EPA 
study1 of homes retrofit with high efficiency fixtures and appliances (37 GPCD) demonstrates that 
significant savings remain to be captured in this sector. 

Residential indoor water is delivered through only a small number of fixtures - toilets, clothes washers, 
showers, faucets, and dishwashers. The percentage of water use by fixture is displayed in Figure 3-4. The 
following paragraphs address these fixtures, and potential savings, in more detail.  

PLACEHOLDER Figure 3-4 Estimated Current Indoor  
Residential Water Use in California (Year 2000) 

[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

Toilets 
A 1997 study 3 revealed that toilets were the biggest component of indoor water use at that time. Many 
older, inefficient toilets have been replaced with more efficient models since then, but years later, it 
appears that toilets are still the largest user of indoor residential water use. More current studies show that 
toilets account for 20- 33% of indoor water use 4, 2, which equates to an average of 13-19 GPCD.  

1992 California code for new toilet sales required increased efficiency from older toilets that used 3.5 or 5 
gallons per flush (gpf) to toilets with a flush volume of 1.6 gpf, known as ultra-low flow toilets (ULFTs). 
In 2014 the code requirement for all toilets - purchased or installed - moves to high efficiency toilets 
(HET) using 1.28 gpf. However, new construction is required to use HET toilets by 2011, as per the 
California Green Building Code. 

Many existing toilets remain to be converted to efficient models. Estimates are that the saturation of 
ULFTs and HETs is 54%- 60% 4, 5.  

Technical Memorandum 4 of the 20 x 2020 Plan calculates that retrofitting residential toilets, so that 81% 
are ULFT or HET, could save roughly 5 GPCD.  
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Clothes Washers  
Clothes washers account for 14-17.5% of indoor residential water use 2, 4, which is about 9-10.5 GPCD. 
However, according to the Single Family Water Use Study4, only about 20% of homes studied in 2007 
were using efficient washers. This indicates that there is great potential for decreasing per capita water 
use for clothes washing through appliance replacement.  

The water efficiency of clothes washers is rated using the term ―water factor‖. The water factor is 
measured by the quantity of water (gallons) used to wash each cubic foot of laundry. The lower the water 
factor rating, the more water efficient the clothes washer.  

Standards for the water efficiency of residential clothes washers have been put in place by the Department 
of Energy. These water factor standards have been moving progressively lower over several years. The 
most current standard will culminate in 2018 with a maximum water factor of 6.5 for standard top-loading 
machines and 4.7 maximum water factor for standard front loading machines. For comparison, 
conventional washers have a water factor of 12 to 13.  

The 20 x 2020 Plan estimated that potential savings from efficiency codes, active rebate programs, and 
natural turnover of clothes washers would equal 4-6 GPCD.  

Leaks 
The Single Family Water Use Study4 and Waste Not, Want Not 2 reveal that the water lost to leakage in 
the residential sector averages from 7 to 10 GPCD. This number is relatively large; however the majority 
of the water loss was concentrated in a small number of homes. The median loss was found to be small, 
between 1.4 and 3.9 GPCD. Yet 14% of the homes lost over 17 GPCD to leaks, and 7% of the homes 
were leaking over 34 GPCD. This variability suggests that leak reduction programs targeting homes with 
the highest leakage rates would be the most cost effective for water suppliers2, 4.  

There are several methods that water suppliers can employ to detect homes with high rates of leakage, 
including: 

 Develop water budgets. Homes with leaks will exceed their water budgets and pay excess use 
rates, thus encouraging repair.  

 Install advanced metering infrastructure (AMI). AMI monitors water usage in real time, 
sampling hourly to every 15 minute. Because of the frequent monitoring and collection of water 
use data, a constant flow (leak) can be detected quickly and efficiently. 

 Identify excessive water users (by comparison of water bills with similar properties) and offer 
water audits to these customers. 

 
PLACEHOLDER Box 3-7 City of Sacramento — Case Study: Advanced Metering Infrastructure (AMI) 
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

An emerging technology for detecting leaks of end users is Advance Metering Infrastructure (AMI).  
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If leaks were to be detected and repaired at homes with high leak rates, so that the average loss due to 
leaks were reduced to the median values (1.4 -3.9 GPCD), the savings would be 6-7.5 GPCD2, 4.  

However, many water suppliers lack the resources to implement a program that would identify and audit 
high leaking homes and repair the leaks that are found before the 2020 water use targets must be met.  

Conservatively estimating that, on a statewide average, water agencies were able to work with their 
residential customers so that just under half of this potential leakage could be detected and repaired, the 
savings would then be 3 GPCD.  

Showers 
Showers account for about 20-22% of indoor residential use, equivalent to about 11.8-13.5 GPCD.  

A 2009 study4 found that nearly 80% of all homes had showerheads operating at 2.5 gpm or less (the 
flow rate for efficient shower heads). Savings in shower water use can be achieved by continued retrofit 
of inefficient shower heads and public education campaigns that include messages to take shorter 
showers. 

The 20 x 2020 Plan estimates potential water savings remaining to be captured in shower water use is 
roughly 1 GPCD. 

Faucets 
Faucets account for about 19% of indoor use, approximately 11- 12 GPCD.  

The maximum flow rate for new faucets, set by federal standards in 1994, is 2.5 gpm, though some 
faucets, especially bathroom faucets, can operate as low as .5 gpm. A 1999 study estimated there was 
50% penetration of 2.2 gpm faucet aerators3. 

Savings in faucet water use can be achieved by continued retrofit with low flow fixtures and aerators and 
public education campaigns that include messages to ―turn off the tap‖ when water is simply going down 
the drain.  

The Single Family Water Use Study4 assumes a reduction of 10% in faucet water use. (11.5 GPCD X 
10% = 1 GPCD). This equates to a 1 GPCD savings.  

Total Projected Savings for Indoor Residential  
Adding the savings from each of the fixtures and appliances above, total projected water savings for 
indoor residential use is 15 GPCD. (Table 3-3) 

PLACEHOLDER Table 3-3 Potential Savings for Indoor Residential Water Use (in GPCD)  

[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  
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Citations 
1 EPA study of retrofit homes (2000) 

2 Waste Not Want Not, Pacific Institute 

3 AWWA study, Residential End Uses of Water 1997 

4 California Single Family Water use Efficiency Study (Single Family Water Use Study), 2011 

5 20x2020 Plan 

6 California Water Plan Update 2009 

Commercial/Industrial/Institutional (CII) 

The CII sector covers a broad range of water uses, from schoolyard playgrounds and drinking faucets to 
bottling plants and restaurants. It is, therefore, a challenging sector to address, whether trying to make 
broad generalizations about CII water use as a whole or trying to drill down and find detailed data on any 
particular use. The State does not currently have the data necessary to establish the baseline of use in each 
CII sub-sector and the information needed to estimate statewide savings must await the development of 
the baselines and metrics.  

The CII sector (not including large landscape) uses about 20% of urban water, which equates to 1.7 
Million Acre Feet per year, or approximately 48 GPCD 1,2,3,5. 

If water used for large landscapes is added to CII water use, the total CII water use would then be 
approximately 30% of urban water use. The 30% figure is often quoted for CII water use. However, water 
use for large landscapes will not be discussed in this section, as it has been addressed in the Landscape 
Water Use section, above. The CII landscapes with mixed use meters (indoor and outdoor use on one 
meter) are included in this section as they are distinctly different from large landscapes, such as parks and 
golf courses.  

CII Task Force 
In response to the complexity of the CII sector and the lack of data available on CII water use, the SBX 7-
7 legislation called for a CII Task Force to address CII water use efficiency, including development of 
alternative best management practices and metrics for water use in CII sectors. The Task Force wrote a 
report of their findings and recommendations to the Legislature. The full CII Task Force report to the 
legislature can be found http://www.water.ca.gov/xxxxx 2. [to be updated when report is complete] 

CII Water Uses and Inefficiencies 
There are limited centralized data concerning how much water is used in the CII sectors. Data on the 
numerous end uses is even more scattered. However, water uses within the CII sector can be grouped into 

http://www.water.ca.gov/xxxxx
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the following common uses 2, 3: process, restrooms, cooling, landscaping, kitchen, and laundry. With the 
exception of process water use, these end uses are very similar among CII users.  

 Process. Process water inefficiencies include poorly adjusted equipment, leaks, use of outdated 
technology and/or equipment that are not water efficient, and use of potable water where 
recycled or re-used water may be adequate.  

 Restrooms. Restrooms usage is one of the higher end uses in CII. Inefficiencies in this area are 
similar to those in the residential sector; these include older toilets with high volume flush rates 
and high volume faucets.  

 Cooling. Water is used for cooling heated equipment, cooling towers, and air conditioning. 
Inefficiencies include improper adjustments made by system operators, system leaks, and the 
use of older, inefficient equipment. 

 Landscape. Inefficiencies in CII landscape, as with other landscapes, include poorly designed 
and maintained irrigation systems, excessive watering schedules, and landscape designs that 
rely on high water using plants, especially cool season turf, where low water using plants could 
provide the same benefit while using less water use.  

 Kitchen. The majority of the water used in the kitchens is for pre-rinsing, washing dishes and 
pots, making ice, food preparation, and equipment cleaning. Inefficiencies in kitchen water use 
include usage of old machineries, high volume spray valves, and cooking behaviors and 
techniques. 

 Laundry. Water savings can be achieved through use of more efficient washers. 
 

PLACEHOLDER Box 3-8 Process Water 
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

Water Recycling and Reuse in CII 
The use of recycled water (treated municipal effluent), or the reuse of process water within an industrial 
facility can play an important part in reducing CII water demand. With appropriate management many 
non-potable water uses can be supplied with these alternate sources, such as cooling, washing, irrigation, 
and toilet flushing.  

Recycled water provides 209,500 acre feet of fresh water a year to CII sectors, including power plants. 
Saline water use from coastal sources also provides additional water primarily to the mining and steam 
electric power plants, estimated at 14.5 MAF per year. 6  

Water reuse opportunities exist in almost all industrial plants and are a growing focus of industry. Water 
reuse can range from reusing relatively clean rinse water for initial washing processes to the capture of 
rainwater or air conditioning condensate for use in irrigation or a cooling tower.  
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CII Task Force Recommendations  
The CII Task Force Draft Report makes the following recommendations for CII end users: 

 Properly adjust equipment and fix leaks. Make adjustments and repairs to existing equipment 
and processes so that it operates more efficiently.  

 Modify equipment or install water saving devices and controls. Add devices, automated 
systems, or equipment to existing water using equipment and processes.  

 Replacement with more efficient equipment. Replacing older inefficient water using equipment 
and fixtures with water saving types of equipment is one of the most recognized ways to reduce 
water use. As better technology becomes available CII businesses may decide to upgrade their 
water using equipment, fixtures, and machines when they reach their useful life as a cost 
effective measure. Older equipment by its design uses more water, energy, chemical, and 
wastewater than newly designed equipment. 

 Water reuse/recycling. Many case examples of water recycling can be found in the CII Task 
Force report and show the potential for using this non-potable water source. A thorough 
discussion of this is found in the Recycled Water RMS, Chapter X of the California Water 
Plan.  

 Switch to a waterless process. A number of examples of replacing water using equipment with 
equipment that does not use water can be found in the BMPs of the CII Task Force report.  

Water Agency Actions  
Each water agency will face a unique blend of CII customers and will need to tailor the implementation of 
their CII water conservation program to fit local needs and opportunities. However, certain actions will 
assist water agencies in increasing CII water use efficiency to meet 2020 targets. These include: 
identifying the highest users of CII water within the agency and offering or otherwise supporting water 
use surveys for these customers, continued and more aggressive conversions of mixed use meters to 
dedicated landscape meters, and continued retrofit of older toilets to ULFT and HET.  

PLACEHOLDER Box 3-9 California Prisons Reduced Annual Water Use by 21 Percent 
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

Projected CII Savings  
Because of the lack of sufficient water use data for the CII sector, and the fact that water conservation 
potential varies greatly among technologies, industries, and regions, determining a value for projected 
savings is challenging.  

However, the SBX 7-7 legislation and the CUWCC MOU both point to a savings in the CII sector of 10% 
from the baseline. In order to maintain consistency with the legislation and the MOU, DWR will also use 
the value of 10% to project CII water savings.  

These potential CII water savings exclude savings from Large Landscapes, which are included in the 
landscape portion of this chapter.  
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The volume of potential savings in the CII Sector (AF) is derived by multiplying CII baseline water use 
(1.76 MAF) by the assumed 10% reduction (1.76 MAF x 10%). The resulting savings are 176,000 AF, 
which equates to 4.8 GPCD. 

Citations 
1 California Water Plan 2009 

2 CII Task Force Report 

3 Waste Not, Want Not, Pacific Institute 

4 DWR Process Water Regulation 

5 20 x 2020 Task Force 

6 State Water Resources Control Board (SWRCB) 2009 Municipal Wastewater Recycling Survey, 

References 
AWWA Commercial and Institutional End Uses of Water, 2000 

Industrial Water Reuse - Australia 

Water Loss Control in Distribution Systems 

This section addresses water loss due to leaks in the distribution system of a water supplier. Leaks in the 
residential and CII sectors are addressed in their respective sections of this chapter.  

Water loss control consists of the auditing of water supplies and implementation of controls to keep 
system losses to a minimum. A report by Southern California Edison (2006)1 estimated that 10% of the 
total volume of water supplied statewide is lost to leaks, which equals .88 Million Acre Feet. Addressing 
this loss is a major challenge to water suppliers, many of whom have aging water distribution systems in 
need of repair, yet they lack adequate funding for this work.  

Audits 
Water auditing is crucial to identifying the economically viable options that can be implemented for water 
loss control. Water utilities that do not perform water audits are most likely to be unaware of the level of 
real losses in their networks, making it unlikely for them to implement best management practices to curb 
these loss volumes.  

A new standard method for conducting water audits was co-developed by The American Water Works 
Association (AWWA) and the International Water Association (IWA). The IWA/AWWA water audit 
method is effective because it features sound, consistent definitions for the major forms of water 
consumption and water loss encountered in drinking water utilities. It also features a set of rational 
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performance indicators that evaluate utilities on system-specific attributes, such as the average pressure in 
the distribution system and total length of water mains. 

The IWA/AWWA water audit method is detailed in AWWA’s manual, Water Audits and Loss Control 
Programs (2009)2. AWWA also offers free software for this auditing method that assists in tracking water 
consumption and losses and calculates the costs of losses, giving agencies a sense of their system cost 
effectiveness.  

This new standard water audit is now a requirement for implementation of BMP 1.2. All water agencies 
that are members of CUWCC, as well as any agencies that seek funding from the State of California, are 
obligated to complete the standard water audit annually and to reduce water losses to the extent that is 
cost-effective.  

Trenchless Pipe Repairs 
Repairing leaky pipes can be an expensive and difficult proposition for agencies. Trenchless pipe repair is 
an emerging, cost effective technology that offers an efficient alternative in pipe repair. Using this new 
technology the damaged pipe is lined with a new cured-in-place-pipe that seals all cracks, splits, and 
faulty joints. This trenchless technology requires no trenching or digging and can be done in much less 
time without large excavations, saving money, time, and labor, making repairs and maintenance more cost 
effective.  

Projected Savings 
A report by Southern California Edison (2006)1 concluded that forty percent of water loss is economically 
recoverable. Given that the estimated water loss in California is 0.88 Million Acre Feet, and 40% of that 
is estimated to be economically recoverable, the calculated water savings from cost-effective water loss 
control is .35 Million Acre Feet, or 7 GPCD.  

Citations 
1 Southern California Edison report (2006)  

2American Water Works Association (AWWA) M36, Water Audits and Loss Control Programs (2009) 

3website (http://www.awwa.org). 

References 
American Water Works Association. ―Buried No Longer: Confronting America’s Water Infrastructure 

Challenge‖.  

CUWCC. AMI Symposium. Dec 2011. 

http://www.awwa.org/
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Combined Demand Reductions  

Combining the estimated demand reductions from each sector, as detailed in the preceding paragraphs, 
the state of California could theoretically reduce demand for potable water in the year 2020 by 2 Million 
Acre Feet.  

This represents a statewide overview and is not intended as a blueprint for individual water agencies, as 
each agency will have their own unique strategy for achieving the 20% reduction. (Table 3-4). 

PLACEHOLDER Table 3-4 [Title Needed] 

[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.] 

Alternative Water Sources — Recycled Water, Desalinated Water, Gray Water, 

Rainwater  

Alternative water supplies (recycled, desalinated, stormwater) are expected to further reduce statewide 
demand of potable water by the year 2020. [This text should be updated as estimates become available in 
2013 CA Water Plan.]  

Taken as a whole, alternative water sources may have a significant effect on the amount of potable water 
saved statewide. Alternative water sources vary in water quality, level of treatment, local availability and 
suitability for intended uses.  

Recycled water and desalinated water undergo the highest level of treatment prior to use and are 
discussed in detail in chapters [xx and xx]. [RECYCLED WATER – waiting for narrative from Toni.] 

Residential rainwater capture and gray water reuse are sources of water that can be utilized without the 
high investment in infrastructure that recycled or desalinated water require.  

Rainwater capture is discussed at length in Chapter 19, Urban Runoff Management, but it should be 
mentioned here that on-site rainwater capture, in the form of rain gardens, bioswales, pervious surfaces 
and other landscape features, can reduce the amount of potable water needed for irrigation by shortening 
the irrigation season through replenishing soil moisture levels. A small to moderate sized rain garden can 
collect thousands of gallons of water. For example, a demonstration rain garden at the Richardson Bay 
Audubon Center, Marin County, can collect nearly 3900 gallons of water in a 315 sq, ft. rain garden with 
approximately 22‖ annual rainfall1.  

Although there is tremendous interest in rainwater capture with rain barrels and cisterns, California’s dry 
summer climate brings into question the cost effectiveness of small rain capture devices in many regions 
of the State. However cisterns and other large volume storage devices begin to become cost effective in 
areas where the rainy season extends into the irrigation season, or where supplied water is very expensive, 
unreliable or difficult to convey.2 Unlike rainwater capture for irrigation in which supply availability and 
demand are out of sync, rainwater capture for year round indoor non-potable uses, such as toilet flushing 
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may be the most practical application3 Rainwater standards are printed in Chapter 17 of the 2013 
California Plumbing Code. [note to WP staff-Ch 17 is a proposed chapter at this time] 

During the 2013 triennial code cycle gray water standards were revised by California Building Standards 
Commission (CBSC) and Department of Housing and Community Development (HCD) and organized in 
Chapter 16 of the California Plumbing Code. Gray water use will increase over time, partly due to 
changes in the gray water standards. The revised standards make it easier for a water user to install a gray 
water system; simple systems supplied by clothes washers or single fixtures do not require a building 
permit if certain conditions are met.  

In the City’s 2010 Urban Water Management Plan (UWMP) 3, the Los Angeles Department of Water and 
Power features a case study of alternative water use by one of its residential customers. In addition to 
collecting rainwater in 18 rain barrels, the customer installed a gray water system using the waste water 
from her clothes washer. The clothes washer supplied gray water system generates approximately 7,000 
gallons of water per year by the family of three. By adding the shower and bathroom sink to the gray 
water system, the water generated for landscape irrigation could exceed 53,000 gallons of gray water per 
year. The California Single Family Home Water Use Efficiency Study found that the annual estimated 
irrigation demand averages about 90,000 gallons per year at the homes studied. Based on this assumption, 
this family could offset nearly 60% of their irrigation demand by the expanded gray water system. Under 
the new gray water standards the City does not require a plumbing permit if the plumbing is not altered 
and health and safety conditions are met. 

Alternative water source references: 
1,2 10,000 Rain Gardens Project  

3 Rainwater Harvesting in San Francisco 

4 LADWP 20102 UWMP 

The Importance of Conservation Rate Structures 

Conservation rate structures are rates set by water agencies to provide price signals to consumers and 
encourage water conservation. The use of conservation rate structures will help water suppliers curb 
demand and meet their 2020 targets.  

Conservation rates are also known as volumetric rates because the customer bill reflects the volume of 
water used. These structures can be applied to water supply as well as wastewater (sewer) services.  

Some examples of effective conservation rate structures include;  
 Increasing block tier structures. The cost per unit of water increase as the consumer uses more 

water. 
 Water budget structures. Each residence has an inclining block rate structure designed 

according to the number of occupants, landscape area, local climate and possibly other factors. 
The prices of the tiers increase significantly after the base usage tier has been reached.  
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 Water budgets with punitive tiers when budgets are exceeded. Often the revenue generated 
from punitive tiers is used to fund the conservation programs.  

Flat rates, where customers’ bills do not reflect the volume of water used, are not considered conservation 
rates because they do not send a price signal to the consumer and do not encourage conservation.  

PLACEHOLDER Box 3-10 Successful Conservation Rate Structure: Irvine Ranch Water District 
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are 
included at the end of the chapter.]  

Conservation Rate Structures for Wastewater Services 
Although roughly 90 percent of California households served by a public water supplier pay for drinking 
water through a volumetric rate, about 70 percent of such California households pay for sewer service 
through a flat non-volumetric charge. With sewer charges equal to or greater than water charges in most 
jurisdictions, the price signal rewarding water efficiency is being cut in half for a majority of California 
households. Water efficiency can reduce future infrastructure requirements for sewer service, and 
volumetric pricing for sewer service is encouraged by the U.S. Environmental Protection Agency, the 
Water Environment Federation, and the California Urban Water Conservation Council (CUWCC).  

Installation of new hardware is generally not required to begin volumetric billing for wastewater, but 
where water and sewer are provided by different agencies, interagency cooperation is needed and billing 
software modifications are likely1. A 2011 report2 presented a 3.5 % to 4.5% reduction in residential use 
with a 10% rate increase.  

Rate Structure Citations 
1 Chesnutt, Bamezai, Hanemann. Revenue instability induced by conservation rate structures: an 

empirical investigation of coping strategies. February 1994.  

2 A&N Services Inc. Volumetric Pricing for Sanitary Sewer Service in the State of California. February 
2011. 

References 
AWWA. Water budgets and rate structures: Innovative management tools. May 2008. 

Designing, Evaluating, and Implementing Conservation Rate Structures, CUWCC 1997 

Alliance for Water Efficiency Website www.allianceforwaterefficiency.org July 2012 

Department of Agricultural and Resource Economics and Policy. Division of Agriculture and Natural 
Resources. University of California, Berkeley. Revenue Instability Induced by Conservation Rate 
Structures: An Empirical Investigation of Coping Strategies.  

A & N Technical Service, Inc. Revenue Effects of Conservation Programs: The Case of Lost Revenue 

http://www.allianceforwaterefficiency.org/


Volume 3. Resource Management Strategies 

3-24  |  California Water Plan Update 2013 — Advisory Committee Draft [Unedited] 

A & N Technical Service, Inc., 2011, Volumetric Pricing for Sanitary Sewer Service in the State of 
California 

Challenges to Urban Water Use Efficiency 

Reduced Water Agency Revenue for Water Conservation 

Because of the economic downturn, many water agencies have reduced their staff and other  
expenditures for water conservation. This reduction comes at a difficult time, when water agencies  
will need to increase, or at least maintain, the level of conservation in their districts in order to meet  
the 20% reduction by 2020. 

Rate Structures and Water Agency Revenue 

Providing customers with correct price signals to use water efficiently is not a simple task. The 
appropriate signals may vary from agency to agency and from community to community. And if the price 
structure is not set up correctly, the resulting water conservation can negatively affect the amount of 
revenue collected by a water supplier. The less water the customers use, the less revenue received, 
creating a disincentive for the water agency to encourage conservation. Also, because of seasonal 
variation in water use, some price structures may increase variability and fluctuation of water utility 
revenues.  

This problem poses a hardship on the utility’s ability to meet its revenue requirements, and can undermine 
the financial viability of their systems and the ability to meet service needs and infrastructure 
maintenance2.  

The process for changing rate structures requires public support and can be difficult to gain, especially 
during the economic downturn.  

Implementing wastewater conservation price structures will require the cooperation of wastewater 
utilities. Volumetric wastewater pricing requires access to metered water consumption records and the 
ability to generate a customer bill. Sewer agencies currently billing fixed charges on a combined water-
wastewater bill would have the fewest implementation constraints. Sewer agencies whose service area 
cuts across multiple water agency service area boundaries would face more implementation challenges.  

Lack of Public Awareness Regarding Landscape Water Use 

Most homeowners are not aware that the majority of their water use takes place in the landscape, nor are 
they aware that much of that irrigation water is used inefficiently. In the 2007 Statewide Marketing 
Survey: Landscape Water Use Efficiency9, the researchers found that most respondents either had no idea 
how much water they used in their landscapes, or they believed their water use was below the statewide 
average. Coupled with the tendency to leave irrigation controllers on the default setting year round and 
lack of irrigation system maintenance, a statewide education campaign is needed to educate water users 
and increase awareness of meaningful actions that will save water in landscapes. 
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Landscape Area Measurement for Water Budgets  

Knowing the area of a landscape is critical to developing a water budget for the site. A water budget, in 
turn, will assist in determining whether or not the landscape is being watered efficiently.  

Many water suppliers have not determined the extent of landscape area in their service area.  
Impediments to measuring or estimating landscape area include the high cost of physically measuring  
the site or purchasing satellite imagery, lack of expertise in utilizing available satellite data, linking  
the parcels with customer data, segregating areas served by multiple meters, and assessing the density  
of vegetated canopies. 

Data on Industrial Water Use is Limited  

The last survey published by DWR to obtain valid information on industrial water use was conducted in 
1979 (Bulletin 124-3). This information is out of date, but no current data exists. The survey determined 
rates of industrial water use (including both water agency and self-supplied water sources), quantities of 
water recycled by industry, and quantities of waste water discharged by industry.  

Water Loss 

The amount of water lost due to leakage in the distribution system of the state’s water suppliers is not 
well known. This is largely due to the fact that not all water suppliers perform regular water loss audits. If 
water audits are not conducted, it is difficult for a water agency to know the extent of their losses and 
unlikely that they will implement best management practices to reduce these losses.  

Lack of a Standardized Efficiency Measure for California Urban Water 

Suppliers 

One of the limitations to the development of the 20x2020 goal was the lack of an effective measure of the 
level of water use efficiency in a supplier’s service area. GPCD is useful to track changes in water use in 
individual water agencies over time, but due to difference in landscape area, climate and CII water use it 
is not useful as measure of efficiency. The lack of a standard measure of supplier efficiency is one reason 
4 different methods for setting 2020 water use target were provided in the SBx7-7 legislation. 

Recommendations  

Assist Utilities in Developing Cost Effective Conservation Rate Structures 

DWR in partnership with CUWCC and water agencies should lead an investigation to analyze and 
evaluate the effectiveness of rate structures in use by various water supply and wastewater agencies. 
DWR should disseminate the findings and recommendations from the study, as well as guidance to water 
agencies, throughout the state by way of regional workshops and a detailed page on the DWR Website. 
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Expand the Save Our Water (SOW) Campaign 

DWR, in coordination with ACWA, CUWCC, water suppliers, local stakeholders and irrigation 
manufacturers should expand the statewide Save Our Water campaign. Initially the landscape portion of 
the campaign should focus on cost effective ways to improve irrigation system function and irrigation 
controller programming. 

Assist Water Agencies in Landscape Area Measurement and Water Budgets 

DWR in coordination with the CUWCC should assist water suppliers in finding easy and inexpensive 
ways to obtain landscape area data for parcels in their service areas and offer workshops that highlight 
successful programs.  

As a priority, water agencies should measure the landscape area for sites with dedicated meters first, 
because their landscape water use is known. A comparison of water use and water budget will 
immediately determine if the landscape is being watered efficiently. Water agencies can then target the 
sites that are over-irrigating, a cost effective method for reducing landscape irrigation demand. 

Increase Water Management Skills 

Water use efficiency is most easily achieved on landscapes with properly designed and installed irrigation 
systems and managed with water budgets. To make this possible, the Contractors State License Board 
(CSLB) should increase the emphasis and testing requirements in the C-27 Landscape Contractor’s exam 
in the subject areas of irrigation design and installation and water budgeting to ensure landscape 
professionals have the needed skills. 

Update the Model Water Efficient Landscape Ordinance 

DWR should work with local agencies and the landscape industry to remove barriers to implementation 
of the Model Water Efficient Landscape Ordinance (MWELO). The MWELO should be updated 
periodically based on new findings, innovation and technological improvements. 

Update the Survey of Industrial Water Use  

Because the last published survey on industrial water us in California was conducted in 1979 and updated 
data is needed by local agencies and the state in order to better manage industrial water use, DWR should 
update the survey of industrial water use, Bulletin 124-3. The survey should provide information on the 
rates of industrial water use (including both water agency and self-supplied water sources), quantities of 
water recycled by industry, and quantities of waste water discharged by industry.  

Require Water Audits in 2015 UWMPs 

In order to reduce water loss in water distribution systems, the legislature should revise the Urban Water 
Management Planning Act to require water suppliers to complete the American Water Works Association 
(AWWA) auditing program, and report their water audit, water balance, and performance indicator in 
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their 2015 Urban Water Management Plans. Signatories to the CUWCC MOU are already required to 
perform this audit annually. 

More on the AWWA auditing program can be found at 
http://www.awwa.org/Resources/WaterLossControl.cfm?ItemNumber=48055&navItemNumber=48162 

Develop a Standardized Efficiency Measure for California Urban Water 

Suppliers 

DWR through a public process should develop a standardized water use efficiency measure for California 
urban water suppliers. The measure would be used to determine efficient water use for urban water 
suppliers and would account for differences in irrigated landscape area, climate, population and CII water 
use. The single standardized measure for supplier water use efficiency would better permit customers, 
utilities and state officials to evaluate the efficiencies California Urban Water Suppliers across the state. 

Investigate Gray Water Use in New Residential Applications 

In cooperation with water suppliers and developers, DWR should conduct a pilot study of gray water 
installation in new homes. The study should evaluate gray water use in landscapes and the feasibility of 
installing gray water systems in new homes.  

References 
[References cited, additional references, and personal communications will be moved from the various 
sections and compiled at the end of the chapter in the next draft.] 
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Table 3-1 Best Management Practices 

Foundational BMPs (Ongoing practices implemented 
by all signatories to the MOU) 

Programmatic BMPs (Practices with alternatives for 
implementation) 

BMP No. Description BMP No. Description 
BMP 1.1 
Utility 
Operations – 
Operations 

Designate a water conservation 
coordinator for the agency. Implement and 
maintain a water waste prohibition 
ordinance. Implement prohibitions on gutter 
flooding, single-pass cooling systems, non-
recirculating water. Monitor water softener 
efficiency and usage 
Old BMP Numbers 10, 12, and 13  

BMP 3 
Residential 

Conduct indoor and outdoor residential 
water use surveys. Implement an 
enforceable ordinance to replace high-flow 
water use fixtures with low-flow 
counterparts. Offer rebates for high-
efficiency washers. Offer rebates for high-
efficient, low-flow toilets.  
Old BMP Numbers 1, 2, 6 and 14 

BMP 1.2 
Utility 
Operations – 
Water Loss 
Control 

Implement a full-scale system water audit, 
maintain in-house records of audit results 
or completed AWWA audit worksheets. 
Old BMP Number 3 

BMP 4 
Commercial, 
Industrial, and 
Institutional 

Rank commercial, industrial, and 
institutional customers according to use. 
Implement either CII Water Use Survey 
and customer incentives program, or CII 
conservation program targets. 
Old BMP Number 9 

BMP 1.3 
Utility 
Operations – 
Metering 

Install water meters for all new connections 
and bill by volume-of-use. Implement 
program for retrofitting existing unmetered 
connections and bill by volume-of-use.  
Old BMP Number 4. 

BMP 5 
Landscape 

Develop marketing and targeting strategies 
for landscape surveys. Implement water 
use budgets for large landscapes.  
Old BMP Number 5.  

BMP 1.4 
Utility 
Operations – 
Pricing 

Implement rate structures and volumetric 
rates for water service by customer class. 
Old BMP Number 11.   

  

BMP 2 
Education – 
Information 
Programs 

Maintain an active public information 
program about water conservation. 
Implement a school information program to 
promote water conservation. 
Old BMP Numbers 7 and 8 
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Table 3-2 Statewide Urban Water Uses 

Sector Percentage Volume 
Large landscape 10% 0.9 MAF 

Commercial/institutional 13% 1.1 MAF 

Industrial 7% 0.6 MAF 

Residential interior 31% 2.7 MAF 

Residential exterior 35% 3.0 MAF 

Other 5% 0.5 MAF 

Total 100% 8.8 MAF 

Source: California Water Plan Update 2009. 
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Table 3-3 Potential Savings for Indoor  
Residential Water Use (in GPCD) 

Use  Savings 
Toilets  5 gpcd 

Showers 1 gpcd 

Leaks  3 gpcd 

Faucets  1 gpcd 

Clothes washers  4-6 gpcd 

Total 15 GPCD 
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Table 3-4 [Title Needed] 

Demand reduction 
sectors 

GPCD 
reduction 

Projected 
savings in 
2020 (AF) 

Large landscape 3 148,000 

CII 4 197,000 

Residential interior 15 739,000 

Residential exterior 16 789,000 

Water loss control 7 345,000 

Total 45 2,218,000 
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Figure 3-1 Average Regional Baseline Water 
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Figure 3-2 Range of Baseline Water Use Reported by Urban Water Suppliers 
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Figure 3-3 Urban Water Use Statewide Average 

 

This pie chart illustrates the relative water use of different sectors as a statewide average. The water use by sector will vary for each 
individual water agency. Source: California Water Plan Update 2009 
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Figure 3-4 Estimated Current Indoor Residential Water Use in California (Year 2000) 

 

Source: Waste Not Want Not 
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Box 3-1 Reducing Irrigation Runoff Helps Local Waterways 

Improving irrigation efficiency will prevent irrigation runoff, saving both water and energy and 
preventing the contamination of receiving waters by landscape pesticides, fertilizers, pet wastes, and 
sediment.  

Sampling of the water quality in urban streams throughout California has found the universal presence of 
common landscape pesticides such as diazinon, fipronil, chlorpyrifos, and bifenthrin among others. When 
excess irrigation water is applied, pesticides, herbicides, fertilizers, other nutrients and pathogenic 
organisms are washed into the stormwater system and local watersheds. These contaminants are toxic to 
aquatic organisms.  

Dry season irrigation runoff can be prevented by irrigation system maintenance, proper irrigation 
scheduling, and landscape design. Irrigation scheduling should be appropriate for the site conditions, 
factoring in slope, soil type and the ability of the soil to absorb the water. Incorporation of rain gardens 
and vegetated swales into a landscape design will also retain runoff from irrigation and rainwater, 
reducing negative impacts to local waterways.  
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Box 3-2 Climate Change and Water Use Efficiency: The Energy-Water Nexus 

The state’s energy and water resources are entwined. Energy is used to transport, pump, heat, cool, treat, and recycle 

water. And water is used to generate hydro-electricity and to cool power plants.  

According to the California Energy Commission’s (CEC) California’s Water- Energy Relationship (2005) report (California 
Energy Commission 2005), water-related energy use consumes about 19 percent of the state’s electricity, 88 billion gallons 

of diesel fuel, and 30 percent of natural gases. Urban water use comprises 58% of the total water-related energy 
consumption in the state.   

When water is used efficiently, there is a corresponding savings in energy. And because most energy production creates 
greenhouse gases that contribute to climate change, water use efficiency is a method for mitigating climate change.   

In 2004 CUWCC members who implemented the Council’s BMPs reported a savings of 27 billion gallons of water. This 

significant water savings also saved more than 234 million kWh of electricity, and an estimated $200 million in energy costs.  

Source cited: California Energy Commission. 2005. California’s Water-Energy Relationship. November. 

References 

NRDC. “Energy Down The Drain: The Hidden Costs of California’s Water Supply”. August 2004. 

California Public Utilities Commission. http://docs.cpuc.ca.gov 

[The references here will be moved to the “References” section of the chapter for later drafts.] 
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Box 3-3 San Diego’s Water Sources: Assessing the Options 

A 2010 study comparing the marginal costs of seven alternative water solutions for San Diego concluded that conservation 
was the most favorable and least costly option.  

Table A Cost per Acre Foot by Water Source 

Water Source Cost per Acre Foot 

Imported $875-$975 

Surface Water $400-$800 

Groundwater $375-$1100 

Desalinated $1800-$2800 

Recycled $1200-$2600 

Conservation $150-$1000 
 

These costs were determined for the San Diego area and will vary for each individual water agency.  

From San Diego’s Water Sources: Assessing the Options, Equinox Center, 2010  
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Box 3-4 Landscape Irrigation Runoff 

Photo A shows an example of irrigation runoff, frequently seen in landscapes throughout the state of California. 

Fortunately, many opportunities exist to improve efficiency in landscape irrigation. These include the use of Evapo-
Transpiration (ET) controllers, reduction of cool season turf, and education of water users. 

A study conducted in 2004 by MWDOC and Irvine Ranch Irrigation District, The Residential Runoff Reduction Study, 
demonstrated that a combination of ET controllers and user education can greatly reduce dry season irrigation runoff.  

In this study, dry season irrigation runoff was measured from 138 residential and non-residential landscapes. After the runoff 
was measured, the landscapes were retrofitted with ET controllers and the water users were educated in efficient irrigation 
practices. A second set of runoff measurements were taken after the retrofit and user education.  

A comparison of the first and second measurements showed that irrigation run off had been reduced 50% by the installation 
of ET controllers and user education. 

PLACEHOLDER Photo A Irrigation Runoff 

[For the advisory committee draft, the draft photo follows this box.] 
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Box 3-4 Photo A Irrigation Runoff 
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Box 3-5 The Value of Landscape Water Budgets 

Landscape water budgeting is a straightforward method for determining if a site is receiving the correct amount of water to 
keep the plants healthy without wasting water. A water budget is calculated using local reference evapotranspiration data 
(ETo), an evapotranspiration adjustment factor (ETAF) and the area in square feet of the irrigated landscape. The landscape 
area can be captured from landscape plans, measuring the site or aerial imagery. Historically, obtaining the landscape area 
has been a challenge for water suppliers, especially when more than one meter may serve a parcel, but new tools and 
technology are becoming available that will simplify the process. 

When the volume of water allowed in the water budget is compared to water use data, the irrigation manager can evaluate if 
water use is on track and if not, can make immediate changes to the irrigation schedule. Because weather conditions 
influence the water needs of plants, irrigation managers should assess compliance with the water budget weekly or at least 
monthly.  

Water budgets are valuable communication tools. An irrigator that keeps a site within a water budget can show their 
customer the water savings and cost savings achieved compared to historical use. Water suppliers can assign a water 
budget to an account and notify the customer when the budget is exceeded. Water budget-based tiered rates send a pricing 
signal that discourages wasteful water use. 
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Box 3-6 Dedicated Water Meters: Water Code 535 

Since 2008, water suppliers must install a dedicated landscape meter on new non-residential water service with a landscape 
area over 5000 sq. ft. The Cal Green Building Code requires dedicated meters, metering devices, or sub-meters to facilitate 
water management on non-residential landscapes from 1000 sq. ft. up to 5000 sq. ft. 
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Box 3-7 City of Sacramento Case Study — Advanced Metering Infrastructure (AMI)  

After installing AMI in over 17,600 residences, the city of Sacramento reported the following successes during the two year 
period of 2010-2011:  

 1,076 single family homes showed leak alerts  

 75% of leaks were verified in the field  

 367 million gallons of aggregate annual water loss was calculated through AMI reports 

 236 million gallons of water were saved, which equates to 12.6 GPCD 

AMI can play a major component in helping the City of Sacramento reach the State mandate of 20% per capita reduction by 
2020.  

As presented at the CUWCC AMI Symposium, Sacramento 2011. 
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Box 3-8 Process Water 

Process water is water used by industrial water users for producing a product or product content or water used for research 
and development. Process water is highly specific to each industrial user. 

Process water, within certain parameters, may be excluded from calculations of baselines and targets in order to avoid a 
disproportionate burden on another customer sector. 

Source: DWR Process Water Regulation 
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Box 3-9 California Prisons Reduced Annual Water Use by 21 Percent 

By implementing a water conservation program, the California Department of Corrections and Rehabilitation (CDCR) 
achieved an annual water use reduction of 21 percent. CDCRs water conservation program began in 2006, ramped up in 
2008 in response to the drought declaration, and achieved a 21% reduction by 2009. 

CDCR headquarters issued a “Best Management Practices Water Management & Conservation” document that covered: 

 Eliminating nonessential water use 

 Water efficient landscaping and irrigation 

 Leak detection and repair 

 Laundries and vehicle washing 

 On-site water consumption surveys 

CDCR enacted the following measures: 

 Toilet flush meters were installed in nearly one-third of all adult institutions.  

 Institutions report monthly water consumption to CDCR headquarters 

 Enacted low-or-no-cost water conservation methods 

Source: California Department of Corrections and Rehabilitation, April 3, 2009  
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Box 3-10 Successful Conservation Rate Structure: Irvine Ranch Water District 

The rate structure at the Irvine Ranch Water District (IRWD) signals customers when they are exceeding their water budget 
and signals IRWD which customers are in need of attention.  

IRWD sets water budgets for each customer based on a variety of factors, such as the size of their landscape area, weather, 
number of residents, or the industrial or commercial business types. When a customer exceeds their water budget, the price 
per unit of water becomes more expensive. By taking these factors into consideration, IRWD is able to customize the water 
budget for each customer and ensure a fair allocation.  

IRWD also charges a monthly fixed charge based upon meter size. The fixed charge covers all operating costs and related 
water use efficiency programs. IRWD operates with a stable revenue stream despite variability in the volume of water sold.  
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PREFACE

This document is the 11th of 12 parts of the official compilation and publication of the adoptions, amendments and repeal of regula-
tions to California Code of Regulations, Title 24, also referred to as the California Building Standards Code. This Part is known as
the California Green Building Standards Code, and it is intended that it shall also be known as the CALGreen Code.

The California Building Standards Code is published in its entirety every three years by order of the California Legislature. The
California Legislature delegated authority to various State agencies, boards, commissions and departments to create building regu-
lations to implement the State’s statutes. These building regulations or standards have the same force of law, and take effect 180 days
after their publication unless otherwise stipulated. The California Building Standards Code applies to all occupancies in the State of
California as annotated.

A city, county, or city and county may establish more restrictive standards reasonably necessary because of local climatic, geologi-
cal or topographical conditions. For the purpose of this code, these conditions include local environmental conditions as established
by a city, county, or city and county. Findings of the local condition(s) and the adopted local building standard(s) must be filed with
the California Building Standards Commission to become effective and may not be effective sooner than the effective date of this
edition of the California Building Standards Code. Local building standards that were adopted and applicable to previous editions
of the California Building Standards Code do not apply to this edition without appropriate adoption and the required filing.

Should you find publication (e.g., typographical) errors or inconsistencies in this code or wish to offer comments toward improving
its format, please address your comments to:

California Building Standards Commission
2525 Natomas Park Drive, Suite 130

Sacramento, CA 95833-2936
Phone: (916) 263-0916

Fax: (916) 263-0959

Website: www.bsc.ca.gov
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LEGEND FOR AGENCY ADOPTIONS

Unless otherwise noted, state agency adoptions are indicated by the following banners in the section leaders:

Department of Housing and Community Development: [HCD]

California Building Standards Commission: [BSC]

Division of the State Architect, Structural Safety: [DSA-SS]

Office of Statewide Health Planning and Development: [OSHPD 1, 2 & 4]

See Chapter 1, Sections 103–106 for applications regulated by the respective state agencies.

EFFECTIVE USE OF THIS CODE

The format of this code is common to other parts of the California Building Standards Code and contains building standards appli-
cable to occupancies which fall under the authority of different state agencies. Occupancies and applications under the authority of
a specific state agency are identified in Chapter 1, Sections 103 through 106. Sections of this code which are applicable and adopted
by each state agency are identified in the Matrix Adoption Tables located at the beginning of each chapter. The following outline is
provided as a guide to establish which provisions are applicable to a specific occupancy.

1. Establish the type of occupancy.

2. Verify which state agency has authority for the established occupancy by reviewing the authorities list in Sections 103
through 106.

3. Once the appropriate agency has been identified, find the chapter which covers the established occupancy.

4. The Matrix Adoption Tables at the beginning of Chapters 4 and 5 identify the required green building measures necessary to
meet the minimum requirements of this code for the established occupancy.

5. Voluntary tier measures are contained in Appendix Chapters A4 and A5. A Checklist containing each green building mea-
sure, both required and voluntary is provided at the end of each appendix chapter. Each measure listed in the application
checklist has a section number which correlates to a section where more information about the specific measure is available.

6. The Application Checklist identifies which measures are required by this code and allows users to check-off which voluntary
items have been selected to meet voluntary tier levels if desired or mandated by a city, county, or city and county.
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CHAPTER 4

RESIDENTIAL MANDATORY MEASURES

Division 4.3 – WATER EFFICIENCY AND CONSERVATION

SECTION 4.301
GENERAL

4.301.1 Scope. The provisions of this chapter shall establish
the means of conserving water used indoors, outdoors and in
wastewater conveyance.

SECTION 4.302
DEFINITIONS

4.302.1 Definitions. The following words and terms shall, for
the purposes of this chapter and as used elsewhere in this code,
have the meanings shown herein.

SECTION 4.303
INDOOR WATER USE

4.303.1 Twenty percent savings. A schedule of plumbing fix-
tures and fixture fittings that will reduce the overall use of pota-
ble water within the building by at least 20 percent shall be
provided. The reduction shall be based on the maximum allow-
able water use per plumbing fixture and fitting as required by
the California Building Standards Code. The 20 percent reduc-

tion in potable water use shall be demonstrated by one of the
following methods:

1. Each plumbing fixture and fitting shall meet reduced
flow rates specified in Table 4.303.2; or

2. A calculation demonstrating a 20 percent reduction in
the building “water use” baseline as established in Table
4.303.1 shall be provided. For low-rise residential occu-
pancies, the calculation shall be limited to the following
plumbing fixture and fitting types: water closets, urinals,
lavatory faucets and showerheads.

4.303.2 Multiple showerheads serving one shower. When
single shower fixtures are served by more than one shower-
head, the combined flow rate of all the showerheads shall not
exceed the maximum flow rates specified in the 20 percent
reduction column contained in Table 4.303.2 or the shower
shall be designed to only allow one showerhead to be in opera-
tion at a time.

Exception: The maximum flow rate for showerheads when
using the calculation method specified in Section 4.303.1,
Item 2, is 2.5 gpm @ 80 psi.

4.303.3 Plumbing fixtures and fittings. Plumbing fixtures
(water closets and urinals) and fittings (faucets and
showerheads) shall meet the standards referenced in Table
4.303.3.

2010 CALIFORNIA GREEN BUILDING STANDARDS CODE 17

TABLE 4.303.1
WATER USE BASELINE1

FIXTURE TYPE FLOW RATE2 DURATION DAILY USES OCCUPANTS3

Showerheads, residential 2.5 gpm @ 80 psi 8 min. 1

Lavatory faucets, residential 2.2 gpm @ 60 psi .25 min. 3

Kitchen faucets 2.2 gpm @ 60 psi 4 min. 1

Replacement aerators 2.2 gpm @ 60 psi

Gravity tank-type water closets 1.6 gallons/flush 1 flush
1 male4

3 female

Flushometer tank water closets 1.6 gallons/flush 1 flush
1 male4

3 female

Flushometer valve water closets 1.6 gallons/flush 1 flush
1 male4

3 female

Electromechanical hydraulic water closets 1.6 gallons/flush 1 flush
1 male4

3 female

Urinals 1.0 gallon/flush 1 flush 2 male

Fixture “Water Use” = Flow rate × Duration × Occupants × Daily uses
1. Use Worksheet WS-1 to calculate baseline water use.
2. The flow rate is from the CEC Appliance Efficiency Standards, Title 20, California Code of Regulations; where a conflict occurs, the CEC standards shall apply.
3. For low-rise residential occupancies, the number of occupants shall be based on two persons for the first bedroom, plus one additional person for each additional

bedroom.
4. The daily use number shall be increased to three if urinals are not installed in the room.
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SECTION 4.304
OUTDOOR WATER USE

4.304.1 Irrigation controllers. Automatic irrigation system
controllers for landscaping provided by the builder and
installed at the time of final inspection shall comply with the
following:

1. Controllers shall be weather- or soil moisture-based con-
trollers that automatically adjust irrigation in response to
changes in plants’ needs as weather conditions change.

2. Weather-based controllers without integral rain sensors
or communication systems that account for local rainfall
shall have a separate wired or wireless rain sensor which
connects or communicates with the controller(s). Soil

moisture-based controllers are not required to have rain
sensor input.

Note: More information regarding irrigation controller
function and specifications is available from the Irrigation
Association.

SECTION 4.305
WATER REUSE SYSTEMS

(Reserved)

18 2010 CALIFORNIA GREEN BUILDING STANDARDS CODE
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TABLE 4.303.2
FIXTURE FLOW RATES

FIXTURE TYPE FLOW RATE
MAXIMUM FLOW RATE AT 20 percent

REDUCTION

Showerheads 2.5 gpm @ 80 psi 2 gpm @ 80 psi

Lavatory faucets, residential 2.2 gpm @ 60 psi 1.5 gpm @ 60 psi2

Kitchen faucets 2.2 gpm @ 60 psi 1.8 gpm @ 60 psi

Gravity tank-type water closets 1.6 gallons/flush 1.28 gallons/flush1

Flushometer tank water closets 1.6 gallons/flush 1.28 gallons/flush1

Flushometer valve water closets 1.6 gallons/flush 1.28 gallons/flush1

Electromechanical hydraulic water closets 1.6 gallons/flush 1.28 gallons/flush1

Urinals 1.0 gallon/flush .5 gallon/flush

1. Includes single and dual flush water closets with an effective flush of 1.28 gallons or less.
Single flush toilets—The effective flush volume shall not exceed 1.28 gallons (4.8 liters). The effective flush volume is the average flush volume when tested in

accordance with ASME A112.19.233.2.
Dual flush toilets—The effective flush volume shall not exceed 1.28 gallons (4.8 liters). The effective flush volume is defined as the composite, average flush

volume of two reduced flushes and one full flush. Flush volumes will be tested in accordance with ASME A112.19.2 and ASME A112.19.14.
2. Lavatory faucets shall not have a flow rate less than 0.8 gpm at 20 psi.

TABLE 4.303.3
STANDARDS FOR PLUMBING FIXTURES AND FIXTURE FITTINGS

REQUIRED STANDARDS

Water closets (toilets)—flushometer valve-type single flush,
maximum flush volume ASME A 112.19.2/CSA B45.1 – 1.28 gal (4.8 L)

Water closets (toilets)—flushometer valve-type dual flush,
maximum flush volume

ASME A 112.19.14 and U.S. EPA WaterSense Tank-Type High-Efficiency
Toilet Specification – 1.28 gal (4.8 L).

Water closets (toilets)—tank type U.S. EPA WaterSense Tank-Type High-Efficiency Toilet Specification

Urinals, maximum flush volume ASME A 112.19.2/CSA B45.1 – 0.5 gal (1.9 L)

Urinals, nonwater urinals
ASME A 112.19.19 (vitreous china)
ANSI Z124.9-2004 or IAPMO Z124.9 (plastic)

Public lavatory faucets:
Maximum flow rate – 0.5 gpm (1.9 L/min) ASME A 112.18.1/CSA B125.1

Public metering self-closing faucets:
Maximum water use – 0.25 gal (1.0 L) per metering cycle ASME A 112.18.1/CSA B125.1

Residential bathroom lavatory sink faucets:
Maximum flow rate – 1.5 gpm (5.7 L/min) ASME A 112.18.1/CSA B125.1
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CHAPTER 4

RESIDENTIAL MANDATORY MEASURES

Division 4.4 – MATERIAL CONSERVATION AND
RESOURCE EFFICIENCY

SECTION 4.401
GENERAL

4.401.1 Scope. The provisions of this chapter shall outline
means of achieving material conservation and resource effi-
ciency through protection of buildings from exterior moisture;
construction waste diversion; employment of techniques to
reduce pollution through recycling of materials; and building
commissioning or testing, adjusting and balancing.

SECTION 4.402
DEFINITIONS

4.402.1 Definitions. The following words and terms shall, for
the purposes of this chapter and as used elsewhere in this code,
have the meanings shown herein.

SECTION 4.403
FOUNDATION SYSTEMS

(Reserved)

SECTION 4.404
EFFICIENT FRAMING TECHNIQUES

(Reserved)

SECTION 4.405
MATERIAL SOURCES

(Reserved)

SECTION 4.406
ENHANCED DURABILITY

AND REDUCED MAINTENANCE

4.406.1 Joints and openings. Openings in the building enve-
lope separating conditioned space from unconditioned space
needed to accommodate gas, plumbing, electrical lines and
other necessary penetrations must be sealed in compliance
with the California Energy Code.

Exception: Annular spaces around pipes, electric cables,
conduits or other openings in plates at exterior walls shall be
protected against the passage of rodents by closing such
openings with cement mortar, concrete masonry or a similar
method acceptable to the enforcing agency.

SECTION 4.407
WATER RESISTANCE

AND MOISTURE MANAGEMENT
(Reserved)

SECTION 4.408
CONSTRUCTION WASTE REDUCTION,

DISPOSAL AND RECYCLING

4.408.1 Construction waste reduction of at least 50 per-
cent. Recycle and/or salvage for reuse a minimum of 50 per-
cent of the nonhazardous construction and demolition debris,
or meet a local construction and demolition waste manage-
ment ordinance, whichever is more stringent.

Exceptions:

1. Excavated soil and land-clearing debris.

2. Alternate waste reduction methods developed by
working with local agencies if diversion or recycle
facilities capable of compliance with this item do not
exist or are not located reasonably close to the
jobsite.

4.408.2 Construction waste management plan. Where a
local jurisdiction does not have a construction and demolition
waste management ordinance, a construction waste manage-
ment plan shall be submitted for approval to the enforcing
agency that:

1. Identifies the materials to be diverted from disposal by
recycling, reuse on the project or salvage for future use or
sale.

2. Specifies if materials will be sorted on-site or mixed for
transportation to a diversion facility.

3. Identifies the diversion facility where the material col-
lected will be taken.

4. Identifies construction methods employed to reduce the
amount of waste generated.

5. Specifies that the amount of materials diverted shall be
calculated by weight or volume, but not by both.

4.408.2.1 Documentation. Documentation shall be pro-
vided to the enforcing agency which demonstrates compli-
ance with Section 4.408.2, Items 1 through 5. The waste
management plan shall be updated as necessary and shall be
accessible during construction for examination by the
enforcing agency.

4.408.2.2 Isolated jobsites. The enforcing agency may
make exceptions to the requirements of this section when
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jobsites are located in areas beyond the haul boundaries of
the diversion facility.

Notes:

1. Sample forms found in Chapter 8 may be used to
assist in documenting compliance with the waste
management plan.

2. Mixed construction and demolition debris
(C&D) processors can be located at the Califor-
nia Department of Resources Recycling and
Recovery (CalRecycle).

SECTION 4.409
LIFE CYCLE ASSESSMENT

(Reserved)

SECTION 4.410
BUILDING MAINTENANCE AND OPERATION

4.410.1 Operation and maintenance manual. At the time of
final inspection, a manual, compact disc, web-based reference
or other media acceptable to the enforcing agency which
includes all of the following shall be placed in the building:

1. Directions to the owner or occupant that the manual
shall remain with the building throughout the life cycle
of the structure.

2. Operation and maintenance instructions for the follow-
ing:

a. Equipment and appliances, including water-saving
devices and systems, HVAC systems, water-heat-
ing systems and other major appliances and equip-
ment.

b. Roof and yard drainage, including gutters and
downspouts.

c. Space conditioning systems, including condensers
and air filters.

d. Landscape irrigation systems.

e. Water reuse systems.

3. Information from local utility, water and waste recov-
ery providers on methods to further reduce resource
consumption, including recycle programs and loca-
tions.

4. Public transportation and/or carpool options available
in the area.

5. Educational material on the positive impacts of an inte-
rior relative humidity between 30–60 percent and what
methods an occupant may use to maintain the relative
humidity level in that range.

6. Information about water-conserving landscape and
irrigation design and controllers which conserve water.

7. Instructions for maintaining gutters and downspouts
and the importance of diverting water at least 5 feet
away from the foundation.

8. Information on required routine maintenance mea-
sures, including, but not limited to, caulking, painting,
grading around the building, etc.

9. Information about state solar energy and incentive pro-
grams available.

10. A copy of all special inspection verifications required
by the enforcing agency or this code.
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CHAPTER 4

RESIDENTIAL MANDATORY MEASURES

Division 4.5 – ENVIRONMENTAL QUALITY

SECTION 4.501
GENERAL

4.501.1 Scope. The provisions of this chapter shall outline
means of reducing the quantity of air contaminants that are
odorous, irritating and/or harmful to the comfort and
well-being of a building’s installers, occupants and neighbors.

SECTION 4.502
DEFINITIONS

4.502.1 Definitions. The following words and terms shall, for
the purposes of this chapter and as used elsewhere in this code,
have the meanings shown herein.

AGRIFIBER PRODUCTS. Agrifiber products include
wheatboard, strawboard, panel substrates and door cores, not
including furniture, fixtures and equipment (FF&E) not con-
sidered base building elements.

COMPOSITE WOOD PRODUCTS. Composite wood
products include hardwood plywood, particleboard and
medium density fiberboard. Composite wood products do not
include hardboard, structural plywood, structural panels, struc-
tural composite lumber, oriented strand board, glued laminated
timber as specified in “Structural Glued Laminated Timber”
(ANSI A190.1-2002) or prefabricated wood I-joists.

MAXIMUM INCREMENTAL REACTIVITY (MIR). The
maximum change in weight of ozone formed by adding a com-
pound to the “base reactive organic gas (ROG) mixture” per
weight of compound added, expressed to hundredths of a gram
(g O3/g ROC).

Note: MIR values for individual compounds and hydrocar-
bon solvents are specified in CCR, Title 17, Sections 94700
and 94701.

MOISTURE CONTENT. The weight of the water in wood
expressed in percentage of the weight of the oven-dry wood.

PRODUCT-WEIGHTED MIR (PWMIR). The sum of all
weighted MIR for all ingredients in a product subject to this
article. The PWMIR is the total product reactivity expressed to
hundredths of a gram of ozone formed per gram of product
(excluding container and packaging).

Note: PWMIR is calculated according to equations found in
CCR, Title 17, Section 94521(a).

REACTIVE ORGANIC COMPOUND (ROC). Any com-
pound that has the potential, once emitted, to contribute to
ozone formation in the troposphere.

VOC. A volatile organic compound broadly defined as a chem-
ical compound based on carbon chains or rings with vapor
pressures greater than 0.1 millimeters of mercury at room tem-
perature. These compounds typically contain hydrogen and

may contain oxygen, nitrogen and other elements. See CCR
Title 17, Section 94508(a).

Note: Where specific regulations are cited from different
agencies such as SCAQMD, ARB, etc., the VOC definition
included in that specific regulation is the one that prevails
for the specific measure in question.

SECTION 4.503
FIREPLACES

4.503.1 General. Any installed gas fireplace shall be a
direct-vent sealed-combustion type. Any installed woodstove
or pellet stove shall comply with U.S. EPA Phase II emission
limits where applicable. Woodstoves, pellet stoves and fire-
places shall also comply with applicable local ordinances.

SECTION 4.504
POLLUTANT CONTROL

4.504.1 Covering of duct openings and protection of
mechanical equipment during construction. At the time of
rough installation or during storage on the construction site and
until final startup of the heating and cooling equipment, all duct
and other related air distribution component openings shall be
covered with tape, plastic, sheetmetal or other methods accept-
able to the enforcing agency to reduce the amount of dust or
debris which may collect in the system.

4.504.2 Finish material pollutant control. Finish materials
shall comply with this section.

4.504.2.1 Adhesives, sealants and caulks. Adhesives,
sealants and caulks used on the project shall meet the
requirements of the following standards unless more strin-
gent local or regional air pollution or air quality manage-
ment district rules apply:

1. Adhesives, adhesive bonding primers, adhesive prim-
ers, sealants, sealant primers, and caulks shall comply
with local or regional air pollution control or air quality
management district rules where applicable or
SCAQMD Rule 1168 VOC limits, as shown in Table
4.504.1 or 4.504.2, as applicable. Such products also
shall comply with the Rule 1168 prohibition on the use
of certain toxic compounds (chloroform, ethylene
dichloride, methylene chloride, perchloroethylene and
trichloroethylene), except for aerosol products, as
specified in Subsection 2 below.

2. Aerosol adhesives, and smaller unit sizes of adhesives,
and sealant or caulking compounds (in units of prod-
uct, less packaging, which do not weigh more than 1
pound and do not consist of more than 16 fluid ounces)
shall comply with statewide VOC standards and other
requirements, including prohibitions on use of certain
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toxic compounds, of California Code of Regulations,
Title 17, commencing with Section 94507.

4.504.2.2 Paints and coatings. Architectural paints and
coatings shall comply with VOC limits in Table 1 of the
ARB Architectural Suggested Control Measure, as shown
in Table 4.504.3, unless more stringent local limits apply.
The VOC content limit for coatings that do not meet the
definitions for the specialty coatings categories listed in
Table 4.504.3 shall be determined by classifying the coat-
ing as a Flat, Nonflat or Nonflat-High Gloss coating, based
on its gloss, as defined in subsections 4.21, 4.36, and 4.37
of the 2007 California Air Resources Board, Suggested
Control Measure, and the corresponding Flat, Nonflat or
Nonflat-High Gloss VOC limit in Table 4.504.3 shall
apply.

4.504.2.3 Aerosol paints and coatings. Aerosol paints and
coatings shall meet the Product-Weighted MIR Limits for
ROC in Section 94522(a)(3) and other requirements,
including prohibitions on use of certain toxic compounds
and ozone depleting substances, in Sections 94522(c)(2)
and (d)(2) of California Code of Regulations, Title 17, com-
mencing with Section 94520; and in areas under the juris-
diction of the Bay Area Air Quality Management District
additionally comply with the percent VOC by weight of
product limits of Regulation 8, Rule 49.

4.504.2.4 Verification. Verification of compliance with this
section shall be provided at the request of the enforcing
agency. Documentation may include, but is not limited to,
the following:

1. Manufacturer’s product specification.

2. Field verification of on-site product containers.

4.504.3 Carpet systems. All carpet installed in the building
interior shall meet the testing and product requirements of one
of the following:

1. Carpet and Rug Institute’s Green Label Plus Program.

2. California Department of Public Health Standard Prac-
tice for the testing of VOCs (Specification 01350).

3. NSF/ANSI 140 at the Gold level.

4. Scientific Certifications Systems Indoor Advantage™
Gold.

TABLE 4.504.1
ADHESIVE VOC LIMIT1,2

Less Water and Less Exempt Compounds in Grams per Liter

ARCHITECTURAL APPLICATIONS CURRENT VOC LIMIT

Indoor carpet adhesives 50

Carpet pad adhesives 50

Outdoor carpet adhesives 150

Wood flooring adhesive 100

Rubber floor adhesives 60

Subfloor adhesives 50

Ceramic tile adhesives 65

VCT and asphalt tile adhesives 50

Drywall and panel adhesives 50

Cove base adhesives 50

Multipurpose construction adhesives 70

Structural glazing adhesives 100

Single-ply roof membrane adhesives 250

Other adhesives not specifically listed 50

SPECIALTY APPLICATIONS

PVC welding 510

CPVC welding 490

ABS welding 325

Plastic cement welding 250

Adhesive primer for plastic 550

Contact adhesive 80

Special purpose contact adhesive 250

Structural wood member adhesive 140

Top and trim adhesive 250

SUBSTRATE SPECIFIC APPLICATIONS

Metal to metal 30

Plastic foams 50

Porous material (except wood) 50

Wood 30

Fiberglass 80

1. If an adhesive is used to bond dissimilar substrates together, the adhesive
with the highest VOC content shall be allowed.

2. For additional information regarding methods to measure the VOC content
specified in this table, see South Coast Air Quality Management District
Rule 1168.

TABLE 4.504.2
SEALANT VOC LIMIT

Less Water and Less Exempt Compounds in Grams per Liter

SEALANTS CURRENT VOC LIMIT

Architectural 250

Marine deck 760

Nonmembrane roof 300

Roadway 250

Single-ply roof membrane 450

Other 420

SEALANT PRIMERS

Architectural
Nonporous
Porous

250
775

Modified bituminous 500

Marine deck 760

Other 750
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TABLE 4.504.3
VOC CONTENT LIMITS FOR ARCHITECTURAL COATINGS2, 3

Grams of VOC per Liter of Coating,
Less Water and Less Exempt Compounds

COATING CATEGORY
EFFECTIVE

1/1/2010
EFFECTIVE

1/1/2012

Flat coatings 50

Nonflat coatings 100

Nonflat-high gloss coatings 150

Specialty Coatings

Aluminum roof coatings 400

Basement specialty coatings 400

Bituminous roof coatings 50

Bituminous roof primers 350

Bond breakers 350

Concrete curing compounds 350

Concrete/masonry sealers 100

Driveway sealers 50

Dry fog coatings 150

Faux finishing coatings 350

Fire resistive coatings 350

Floor coatings 100

Form-release compounds 250

Graphic arts coatings (sign paints) 500

High temperature coatings 420

Industrial maintenance coatings 250

Low solids coatings1 120

Magnesite cement coatings 450

Mastic texture coatings 100

Metallic pigmented coatings 500

Multicolor coatings 250

Pretreatment wash primers 420

Primers, sealers, and undercoaters 100

Reactive penetrating sealers 350

Recycled coatings 250

Roof coatings 50

Rust preventative coatings 400 250

Shellacs
Clear
Opaque

730
550

Specialty primers, sealers and undercoaters 350 100

Stains 250

Stone consolidants 450

Swimming pool coatings 340

Traffic marking coatings 100

Tub and tile refinish coatings 420

Waterproofing membranes 250

Wood coatings 275

Wood preservatives 350

Zinc-rich primers 340

1. Grams of VOC per liter of coating, including water and including exempt
compounds.

2. The specified limits remain in effect unless revised limits are listed in subse-
quent columns in the table.

3. Values in this table are derived from those specified by the California Air
Resources Board, Architectural Coatings Suggested Control Measure,
February 1, 2008. More information is available from the Air Resources
Board.

4.504.3.1 Carpet cushion. All carpet cushion installed in
the building interior shall meet the requirements of the Car-
pet and Rug Institute Green Label program.

4.504.3.2 Carpet adhesive. All carpet adhesive shall meet
the requirements of Table 4.504.1.

4.504.4 Resilient flooring systems. Where resilient flooring is
installed, at least 50 percent of floor area receiving resilient
flooring shall comply with the VOC emission limits defined in
the Collaborative for High Performance Schools (CHPS)
Low-emitting Materials List or certified under the Resilient
Floor Covering Institute (RFCI) FloorScore program.

4.504.5 Composite wood products. Hardwood plywood,
particleboard and medium density fiberboard composite wood
products used on the interior or exterior of the building shall
meet the requirements for formaldehyde as specified in ARB’s
Air Toxics Control Measure for Composite Wood (17 CCR
93120 et seq.), by or before the dates specified in those sec-
tions, as shown in Table 4.504.5.

4.504.5.1 Documentation. Verification of compliance with
this section shall be provided as requested by the enforcing
agency. Documentation shall include at least one of the fol-
lowing:

1. Product certifications and specifications

2. Chain of custody certifications

3. Other methods acceptable to the enforcing agency

TABLE 4.504.5
FORMALDEHYDE LIMITS1

Maximum Formaldehyde Emissions in Parts per Million

PRODUCT
CURRENT

LIMIT
JANUARY 1,

2012
JULY 1,

2012

Hardwood plywood veneer core 0.05

Hardwood plywood composite core 0.08 0.05

Particleboard 0.09

Medium density fiberboard 0.11

Thin medium density fiberboard2 0.21 0.13

1. Values in this table are derived from those specified by the California Air
Resources Board, Air Toxics Control Measure for Composite Wood as
tested in accordance with ASTM E 1333-96(2002). For additional informa-
tion, see California Code of Regulations, Title 17, Sections 93120 through
93120.12.

2. Thin medium density fiberboard has a maximum thickness of 8 millime-
ters.

SECTION 4.505
INTERIOR MOISTURE CONTROL

4.505.1 General. Buildings shall meet or exceed the provi-
sions of the California Building Standards Code.

4.505.2 Concrete slab foundations. Concrete slab founda-
tions required to have a vapor retarder by California Building
Code, CCR, Title 24, Part 2, Chapter 19, shall also comply with
this section.

4.505.2.1 Capillary break. A capillary break shall be
installed in compliance with at least one of the following:

1. A 4-inch (101.6 mm) thick base of 1/2 inch (12.7 mm)
or larger clean aggregate shall be provided with a
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vapor barrier in direct contact with concrete and a
concrete mix design, which will address bleeding,
shrinkage, and curling, shall be used. For additional
information, see American Concrete Institute, ACI
302.2R-06.

2. Other equivalent methods approved by the enforcing
agency.

3. A slab design specified by a licensed design profes-
sional.

4.505.3 Moisture content of building materials. Building
materials with visible signs of water damage shall not be
installed. Wall and floor framing shall not be enclosed when the
framing members exceed 19 percent moisture content. Mois-
ture content shall be verified in compliance with the following:

1. Moisture content shall be determined with either a
probe-type or contact-type moisture meter.

2. Moisture readings shall be taken at a point 2 feet (610
mm) to 4 feet (1219 mm) from the grade stamped end of
each piece to be verified.

3. At least three random moisture readings shall be per-
formed on wall and floor framing with documentation
acceptable to the enforcing agency provided at the time
of approval to enclose the wall and floor framing.

Insulation products which are visibly wet or have a high
moisture content shall be replaced or allowed to dry prior to
enclosure in wall or floor cavities. Wet-applied insulation prod-
ucts shall follow the manufacturers’ drying recommendations
prior to enclosure.

SECTION 4.506
INDOOR AIR QUALITY AND EXHAUST

4.506.1 Bathroom exhaust fans. Mechanical exhaust fans
which exhaust directly from bathrooms shall comply with the
following:

1. Fans shall be ENERGY STAR compliant and be ducted
to terminate outside the building.

2. Unless functioning as a component of a whole house
ventilation system, fans must be controlled by a
humidistat which shall be readily accessible.

Humidistat controls shall be capable of adjustment between
a relative humidity range of 50 to 80 percent.

Note: For the purposes of this section, a bathroom is a room
which contains a bathtub, shower or tub/shower
combination.

SECTION 4.507
ENVIRONMENTAL COMFORT

4.507.1 Openings. Whole house exhaust fans shall have insu-
lated louvers or covers which close when the fan is off. Covers
or louvers shall have a minimum insulation value of R-4.2.

4.507.2 Heating and air-conditioning system design. Heat-
ing and air-conditioning systems shall be sized, designed and
have their equipment selected using the following methods:

1. The heat loss and heat gain is established according to
ACCA Manual J, ASHRAE handbooks or other equiva-
lent design software or methods.

2. Duct systems are sized according to ACCA 29-D Man-
ual D, ASHRAE handbooks or other equivalent design
software or methods.

3. Select heating and cooling equipment according to
ACCA 36-S Manual S or other equivalent design soft-
ware or methods.

Exception: Use of alternate design temperatures necessary
to ensure the systems function are acceptable.

SECTION 4.508
OUTDOOR AIR QUALITY

(Reserved)
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Toilet Replacement Programs in the U.S. 
by John Koeller 

Koeller and Company 
Yorba Linda, California U.S.A. 

 
A.  Background 
 
Prior to 1975, gravity-fed toilet fixtures installed in the U.S. flushed at volumes of  5 gallons (19 litres) or 
more.  By the early 1980s, “water saver” toilets with a 3.5 gallons per flush (gpf) (13-litres-per-flush-lpf) 
maximum were mandated by most plumbing codes for new construction.  In that same decade, some 
manufacturers introduced 1.6-gpf (6.0-lpf) toilets into the U.S. marketplace.   Subsequently, a number of 
local and state jurisdictions mandated that a maximum of 1.6-gpf (6.0-lpf) be the standard for residential 
toilet fixtures in all new construction within their boundaries or service areas1.  A similar series of flush 
volume changes characterized commercial toilets as well. 
 
The patchwork of requirements nationwide, some set at 3.5-gpf (13-lpf) as the maximum flush volume 
and others at 1.6-gpf (6.0-lpf), forced the plumbing industry to develop and market two separate product 
lines…those for the “efficient states” and those for “not-so-efficient states.” Consequently, the plumbing 
industry, the water and wastewater industry, and environmental organizations all encouraged the U.S. 
Congress to adopt uniform standards for the entire country.  This was reflected in the Environmental 
Policy Act (EPAct) 92 legislation that set the maximum flush volume for all toilet fixtures (with some 
exceptions) sold, installed, or imported in the U.S. at 1.6-gpf (6.0-lpf).  The effective dates for the 
mandate was January 1, 1994 for all toilet fixtures except flushometer valve toilets (for commercial 
applications), which was set at January 1, 1997. 
 
The products that ultimately resulted from this 20-year “evolutionary” process were given the various 
labels of ultra-low-flow, ultra-low-flush, low-flow, and similar.  Although most early versions of the 
toilet fixtures flushed at 1.6-gpf (6.0 litres) or less, they did not necessarily perform well and, thus, did not 
always result in satisfied customers and users. As a result of these early problems, the plumbing industry 
embarked upon fresh product development to improve performance and thereby restore customer 
confidence and satisfaction. By 2000, fixture performance had improved significantly, although many 
fixtures remained that would not meet customer expectations for performance.  To this day, the bad 
reputation of some early “low flow” toilet fixtures still exists, even though the products now available in 
the marketplace are superior to those early versions.  As a result, the bad reputation still influences water 
conservation programs and manufacturers as they attempt to reach out to purchasers2.  
 
During the ensuing 14 years since the effective date of EPAct 92, manufacturers have not only improved 
the design and performance of toilet fixtures, but have pursued new designs and technologies that use 
substantially less water than the conventional 1.6-gpf (6.0-lpf) designs.  
 
In the absence of any clear definition or stratification of toilet and urinal fixtures that perform more 
efficiently than the thresholds prescribed in the standards, several organizations in the water industry 
worked together in 2004 to establish such a definition for toilets.  The High-Efficiency Toilet (HET) is 
defined as a fixture that flushes at least 20 percent below the 1.6-gpf (6.0-lpf) maximum, equating to a  

                                                
1 The first such jurisdiction to mandate 6.0-lpf fixtures in new construction was the Massachusetts Board of 
Plumbing Examiners, which made their mandate effective in March 1989 for all 2-piece toilet fixtures.  Within three 
years thereafter, another 17 states enacted similar mandates. 
2 This is particularly important as manufacturers and the water industry attempt to “convince” customers that high-
efficiency toilets (HETs) with even lower flush volumes are going to perform satisfactorily. 
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maximum of 1.28-gpf (4.8-lpf)3.  This definition has been accepted by the plumbing industry and by the 
U.S. Environmental Protection Agency’s WaterSense product labeling program as a reasonable threshold 
for a new category of toilet fixture. 
 
HETs have already gained a large presence in the installed base of fixtures in the U.S.  However, three 
factors are expected to expand this presence this over the next decade: 

• The aggressiveness of the plumbing industry in developing new efficient product that performs 
at a level equal to or better than the installed product,  

• The large market represented and influenced by the water conservation programs of the U.S. 
water and wastewater infrastructure operators, and 

• The green building industry with its increasing emphasis upon sustainability and resource 
conservation. 

• The adoption (in 2007) of legislation in California that mandates that all toilet fixtures sold or 
installed in the state beginning on January 1, 2014, shall be HETs. 

 
B.  Toilet replacement program designs 
As water shortages and wastewater treatment infrastructure needs developed in the late 1980s, many U.S. 
water authorities conceived and implemented toilet replacement programs focused primarily on the 
residential sector.  Many program designs evolved (for all types of water-efficient products), but they all 
fell into one or more of the following four categories: 

• Rebate Program 
• Voucher Program 
• Distribution Program 
• Direct Installation Program 

Each program design has distinct advantages and disadvantages as well as differing cost elements and 
probabilities of success.  Water authorities made choices as to which program design to follow based 
upon such factors as: 

• Program cost 
• Ability to control the type and quality of fixtures to be installed 
• Potential for minimizing program fraud 
• Availability of water authority staff to administer a program 
• Availability of qualified contractors to implement and carry out a program 
• Need to involve community-based organizations in program operation 
• Need to involve local retail establishments and plumbing supply houses 
• Demographics of the water authority’s service area 
• Potential for “freeridership” 

Needless to say, most of the above are interwoven with local political considerations as well.  In many 
cases, water authorities chose the path of least resistance, which usually was a simple rebate program. 

A description of each of the four design options follows. 

Rebate Program 

The most common program design found in U.S. residential product replacement programs is the rebate 
program.  It is the generally held opinion that middle income (and above) homeowners demand to choose 

                                                
3 Dual-flush fixtures are deemed to qualify as HETs because their composite or combined flush volume when 
averaging short and full flushes has been proven in the field to be less than 4.8 liters. 
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their plumbing fixtures themselves at a retail showroom or plumbing supply house; they are unwilling to 
have that choice made for them by a water authority.  (However, some water authorities limit the 
customer to choosing toilets only from an “approved toilet list” developed by the authority.)  These 
customers have the resources to purchase and pay for the toilet fixture, apply for a rebate, and wait for the 
rebate payment from the water authority. 
 
Rebate programs are fairly simple to administer when implemented on a small or moderate scale.  
However, when massive outreach is made to a large community and customers respond accordingly, the 
processing of paperwork can overwhelm a small internal organization.  As such, most large city programs 
in the U.S. use contractors to qualify applicants, process rebates, and issue rebate checks.  In a very few 
cases, some water authorities will credit the customer’s bill for the rebate amount rather than issue checks.  
However, this requires integration of the rebate processing system into the water authority’s billing 
system, which most water authorities are unwilling or unable to do. 
 
While a well-publicized rebate program almost always yields positive feedback from customers and the 
community, it also benefits the retail establishments selling the product.  It is important that retailers be 
made aware of the potential increase in demand that might occur when a program is being implemented.  
Two unwelcome byproducts, however, are the “free-riders” 4 and the replacement of an efficient fixture 
with another efficient fixture (which yields no water savings).  In both cases, monies are spent 
unnecessarily.    
 
As with any such replacement program, potential participants must be qualified as customers or residents 
of the authority funding and implementing the program.  In addition, to reduce or eliminate the 
replacement of one efficient fixture with another, most water authorities create and utilize databases that 
identify the age of the installed toilet fixtures, disqualifying from program participation those residences 
that are already equipped with efficient fixtures.   
 
Finally, it has been the experience of some water authorities that, although customers are required to 
provide an installation address within the water authority’s service area, customers may install the rebated 
fixture elsewhere. This negates the expected water saving benefit to the water authority funding the 
program.  The larger the service area of the water authority, however, the less of a problem this is. 
 
Advantages and disadvantages of a rebate program are: 

Advantages 

• Simple program structure 
• Lowest cost program 
• Easily communicated to potential participants 
• Involves and is supported by retailers and plumbing supply houses 
• Can apply an “approved toilet list” if the water authority prefers only selected toilet fixtures 

Disadvantages 

• Prone to “free riders” 
• May be subject to more fraud than other types of programs 
• No control over where the purchased toilet fixture is installed 
• Program success may exceed budget authorization without warning 
• Used inefficient fixtures may end up being re-installed elsewhere 
• Customer must apply and wait for the rebate 

                                                
4 Freeriders are defined as program participants who, without the toilet replacement program, would still have 
replaced their toilets.  Therefore, water authorities do not get the conservation benefits from serving freeriders 
because the conservation would have occurred irrespective of the program. 
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Voucher Program 

A voucher program operates very similar to a rebate program, in that it permits the customer to choose 
and purchase the toilet fixture of their choice.  An “approved toilet list” may also be used here as well.  
One of the main differences between a rebate and voucher program is the pre-qualification of a customer 
and the issuance of a redeemable voucher for use at the point of sale.  In practice, customers are required 
to telephone the water authority (or its contractor) before making the purchase, be qualified and receive 
approval for the purchase voucher, and wait for a dollar-denominated voucher document in the mail.  The 
customer then uses the voucher as cash when shopping for the new toilet fixture. 

In this type of program, retailers and plumbing supply houses must first be convinced and authorized by 
the water authority to participate in the program.   These outlets benefit significantly from being involved 
in the program as potential customers are directed to their stores.  However, as a condition of 
participation, they must agree to redeem the customers’ vouchers as a substitute for cash, submit the 
vouchers to the water authority for reimbursement along with customer data collected at the time of 
fixture sale, and wait for payment by the water authority.  Our experience has been that both the very 
large and the very small retailers are eager to participate and are therefore willing to wait for payment. 

One of the advantages of this type of program is that the water authority sets the program pace and can 
control the number of vouchers as the program proceeds, thereby easily maintaining control of the 
resources (budget) for the program.5 

Some of the potential disadvantages of a rebate program also occur with a voucher program, including 
out-of-the-area installations, replacing an efficient fixture with another efficient fixture, and “free-riders”. 

Advantages 
• Ease of controlling the pace of the program 
• Involves and is supported by retailers and plumbing supply houses 
• Provides immediately financial benefit to customer – no waiting for rebate check 
• Fewer checks need to be written than with a rebate program 
 
Disadvantages 
• Requires extensive “recruiting” effort directed at retailers  
• Requires a voucher redemption system for payments to retailers 
• No control over where the purchased toilet fixture is installed 
• Used inefficient fixtures may end up being re-installed elsewhere 
• Slightly more burdensome to a customer than a rebate program 

 
Distribution Program 

Probably the most innovative program type undertaken in the U.S. has been the free distribution program.  
Initially conceived in 1992, such programs have been in continuous existence in California since that time 
and have given away well over 700,000 new 1.6-gpf (6.0-lpf) fixtures since start-up.   

Distribution programs provide the residential customer with one or more free toilets for their home or 
multi-family complex.  Distribution points are established throughout the region, at which customers can 
view the available fixtures, choose the fixture appropriate for them, and have it loaded in their vehicle, all 
of which is free of charge.  Customers are obligated to install the toilet(s) within about 30 days of receipt 

                                                
5 In contrast, rebate programs proceed at the pace set by the customers and as a result, in some cases, a program’s 
popularity causes rebate applications to rapidly exceed the authority’s funding authorization.  By the time that this 
occurs, many consumers have already made their purchases based upon promises of a rebate and, as such, it is very 
difficult for the authority to immediately “shut down” the program.  On the other hand, most (but not all) water 
authorities view this as a significant positive and immediately authorize more funding for the obviously successful 
program. 
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and return to the distribution point with their old (used) inefficient toilet as tacit “verification” that the 
new efficient toilet was installed.  The distribution center arranges for dismantling, destruction, and 
recycling of the used toilet, such that it can never be re-installed and used again. 

Continuous distribution programs are operated by specially qualified implementation contractors under 
contract to the water authority.  Those contractors are responsible for a full service to the authority and its 
residential customers, including, but not limited to: 

• purchasing and warehousing the toilet fixtures 
• establishing distribution locations throughout the authority’s jurisdiction,  
• marketing the program throughout the jurisdiction,  
• receiving and qualifying customers for the program, 
• providing toilets to qualified customers at the distribution location, 
• concurrently databasing the participants and tracking all program activities,  
• implementing fraud prevention and quality control programs,  
• arranging for the receipt, dismantling, destruction, and recycling of used toilets,  
• providing a fully staffed customer service program and toll-free telephone access, and 
• providing periodic reports to the water authority. 

Concurrently, most water authorities commissioning a free distribution program qualify and select the 
toilet models that may be purchased for the program by the contractor.6  In most cases, the authorities also 
require that customers be given a choice of at least three fixture models from different manufacturers. 

In some cases, free distribution programs are targeted at those customers unable or unwilling to purchase 
a toilet on their own and wait for a rebate for a portion of the cost.  Instead, distribution programs require 
no cash outlay by the customer, making it more attractive to those with limited financial means.   

Although more costly to implement than either a rebate or voucher program, a distribution program takes 
advantage of the bulk purchase opportunities that exist in the marketplace, thereby keeping program costs 
to a minimum.  For example, high volume distribution programs in areas that are not already saturated 
with efficient fixtures have historically cost in the range of $100 to $120 (in 1996 dollars) per installed 
toilet7 when distributing from 4,000 to 25,000 toilets per month.  When saturation exceeds approximately 
50 percent, costs for distribution programs increase dramatically as the marketing tasks become much 
more difficult. 

Distribution programs also provide opportunities for community-based organizations (including schools, 
churches, seniors groups, clubs, and similar) to participate and benefit financially from the program.  
Some contractors employ these organizations to canvass and market the program, as well as conduct 
special giveaway events at their own locations.  In exchange, the organizations are compensated for these 
services at a rate of about $15 per toilet.8  The public relations value of this approach to both the program 
and to the sponsoring water authority is significant. 

Continuous free distribution programs were at their peak in California in the 1990s.  In the period from 
1993 to 1996, the Metropolitan Water District of Southern California (MWD) sponsored a regionwide 

                                                
6 One very influential and successful example of such a toilet fixture qualification program is the Los Angeles 
Department of Water and Power (LADWP) Supplementary Purchase Specification (SPS).  The SPS was developed 
and enacted in 2000 as a means to qualify only those toilets for its distribution program that met certain durability 
requirements.  A full description of the specification and the fixtures that have been certified as meeting it can be 
found at: http://www.cuwcc.org/products_tech.lasso 
The SPS is now being used by other water authorities as the qualifier for their rebate programs. 
7 This figure includes the bulk purchase cost of the toilet fixture (normally in the $45 to $60 range (in 1996 dollars) 
in truckload quantities), operation of the distribution center, all used toilet recycling, and all of the other tasks listed 
above.  It is very important to note that over 95 percent of residential customers of the rebate, voucher, and 
distribution programs self-install the toilet fixture and do NOT rely upon plumbers or other contractors. 
8 The $15 is included within the $100 to $120 total cost (in 1996 dollars). 
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program9 that peaked at about 25,000 toilets per month, requiring the purchase and warehousing of about 
50 truckload deliveries per month.  As such, the contractor was able to negotiate pricing directly with the 
manufacturers that was well below the wholesale prices paid by the largest chain retailers.  Deliveries 
were trucked directly from the factories (or ports) to the contractor’s warehouse without intermediate 
stops or handling. 

Other single-event distribution programs are conducted periodically throughout the state of California, but 
these are generally one-weekend events that give away 1,000 to 2,000 toilets and are not generally 
repeated.10 

Advantages 
• Bulk purchase of toilet results in lowest possible program costs for fixtures 
• Very positive public relations in the community 
• Provides opportunities for community-based organizations to participate 
• Water authority selects specific fixtures to be provided to the customers 
• Used inefficient fixtures are dismantled, destroyed and recycled 
• Fixture free to the customer – no waiting for a rebate – immediate benefit 

Disadvantages 
• Requires more program infrastructure than rebate or voucher program 
• More costly than rebate or voucher programs 
• Requires warehouse and other facilities otherwise not required of other program types 
• Formal inventory control procedures must be implemented 
• Little control over where the free toilet fixture is installed 

Direct Installation Program 

Although more costly, direct installation programs overcome some of the disadvantages of other program 
types by providing full service to the customer.  That is, qualified customers not only receive a free toilet, 
but receive free installation by a properly licensed individual (plumber or other).  Through this design, 
water authorities are assured that the new efficient toilets are being installed in residences within their 
service territory and being installed correctly.  The possibilities of customers installing the fixtures at 
addresses outside the service territory are eliminated, but at a much higher cost to the water authority. 

In this program type, customers apply with the water authority (or its contractor) for a toilet replacement.  
Once qualified, customers are usually given a choice of product and once that product is chosen, 
installation appointments are set and the work is completed.  In many cases, the contractor purchases 
toilets in modest quantities (although not in the large bulk purchase quantities of the distribution program) 
and warehouses them for future installations. 

Because installation adds from $40 to $100 (in 1996 dollars) to the cost of a typical distribution program, 
depending upon location and the degree of competitiveness among installers, most water authorities 
choose one of the other program types.  In addition, the contingent liability associated with installation (in 
the event of a faulty installation or other problems at the work site), some water authorities are reluctant 
to take on such exposure. 

However, when an authority does engage in a direct installation program, the public image of the 
authority is substantially enhanced.  Needless to say, those customers that participate are pleased with the 
“full service” and encourage others to do likewise.  Unfortunately, most direct installation programs are 
very limited in their budgets and water authorities are naturally cautious against a “runaway” program 
where every resident desires to participate. 

                                                
9 The MWD regionwide program covered a territory with a population of 17 million persons and encompassed all of 
the major cities in the south, including Los Angeles and San Diego. 
10 One of these single-event programs occurred in 2004 in Redwood City, California, and involved the giveaway of 
about 1,000 dual-flush high-efficiency toilet fixtures.   



Koeller and Company  May 1, 2008 7 

The most active direct installation program today is being undertaken in Redwood City, California, where 
a contractor for the City is in the third year of a 10,000 unit toilet replacement program for residences.  
The total all-inclusive cost of this program to the City is approximately $142 (in 1996 dollars) per 
installed toilet for a conventional 1.6-gpf (6.0-lpf) gravity-fed fixture and about $242 (in 1996 dollars) per 
installed toilet for a 1.0-gpf (3.8-lpf) pressure-assist fixture. 

Advantages 

• Assures that the toilet fixture is installed within the authority’s service area 
• Water authority selects specific fixtures to be provided to the customers 
• Very positive public relations among customers and in the community 
• Used inefficient fixtures are dismantled, destroyed and recycled 
• Immediate benefit to the customer – no waiting for a rebate or obligation to self-install the 

toilet fixture 

Disadvantages 

• Most costly of all four program types 
• Potentially incurs contingent liability for jobsite problems and fixture failure 

 
A summary of the salient characteristics of each of the four program types is shown in Table 1. 
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Table 1.  Characteristics of Typical U.S. Toilet Replacement Program Types 
 Rebate Program Voucher Program Distribution Program Direct Installation Program 
Program cost to sponsoring 
water authority (cost per unit) 

Lowest cost of all types = 
Rebate amount plus 
approximately $15-20 for 
rebate processing by outside 
firm. 

Slightly higher cost than rebate 
due to retailer recruiting and 
involvement = Voucher amount 
plus approximately $20-40 for 
establishing relationships and 
processing vouchers. 

Free to customer; will cost 
water authority $100 to $120 
for a high-volume program 
using commodity toilet 
fixtures; higher cost for HETs. 

Most expensive program type; 
cost will depend upon type of 
fixture installed for the 
customer; current range is $140 
to $250 per installed toilet. 

Selection of toilet fixtures By the customer (selection 
may be restricted by the water 
authority to an “approved 
toilet list”. 

By the customer (selection may 
be restricted by the water 
authority to an “approved toilet 
list”. 

By the water authority and the 
implementation contractor; 
customer choice (if any) is 
limited to a few models on 
hand. 

By the water authority and the 
installation contractor; customer 
choice (if any) is limited to a few 
models on hand. 

Purchase of toilet fixtures By the customer By the customer By the implementation 
contractor 

By the installation contractor 

Toilet fixture installation By the customer By the customer By the customer By the installation contractor 
Used toilet disposition None provided for in the 

program; toilet may end up 
being re-used. 

None provided for in the 
program; toilet may end up 
being re-used. 

Dismantling, destruction, and 
recycling by the 
implementation contractor. 

By the installation contractor or 
the water authority. 

Retailer involvement in 
program 

Retailer sells toilet to 
customer. 

Retailer sells toilet to customer 
and accepts a water authority 
voucher as cash for full or partial 
payment. 

No involvement No involvement, except to the 
degree that installation 
contractor acquires fixtures at 
retail. 

Program implementation and 
administration 

By the water authority or, in 
the case of a large program, by 
a rebate processing contractor. 

By the water authority or, in the 
case of a large program, by a 
marketing contractor and a 
voucher processing contractor.   

Primarily by the 
implementation contractor, 
with oversight by the water 
authority. 

Primarily by the installation 
contractor, with oversight by the 
water authority. 

Installation verification Required; a statistically valid 
sample of rebated installations 
should be physically 
inspected. 

Required; a statistically valid 
sample of vouchered 
installations should be physically 
inspected. 

Required; a statistically valid 
sample of installations should 
be physically inspected. 

Not required; installations 
performed by program 
personnel. 

Special facilities 
requirements 

None None Warehouse; distribution 
center; used toilet receiving 
and dismantling yard. 

Possibly a warehouse 

Popularity of program type Most popular of all program 
types. 

Very seldom used, due to need 
to develop strong relationships 
with plumbing retailers in the 
area and process voucher 
reimbursement claims. 

Second most popular program 
type, because of the volume of 
toilet replacements that can be 
achieved in a very short time 
period. 

Also seldom used, because of 
the inherent program costs and 
contingent liabilities. 



Koeller and Company   May 1, 2008 9 

 
C.  Examples of water use reductions and infrastructure impacts achieved through toilet 
replacement 
New York City 

New York City (NYC) established 1.6-gpf (6.0-lpf) as the maximum flush volume for all new toilets 
installed in the city as of January 1, 1992.  At that time, NYC faced multi-billion dollar choices on how to 
maintain a sufficient supply of clean water, protect against drought emergencies, meet federal standards 
for wastewater treatment, and ensure the integrity of the water supply and wastewater treatment 
infrastructure.  Choices were required between spending billions of dollars on water supply and 
wastewater treatment expansion projects or, instead, eliminating or deferring the need for these 
investments by spending several hundred million dollars on reducing water waste.11  Based upon these 
economics, the NYC chose the latter option.  Following is the comparison of capital costs related to the 
decision process: 

 Table 2. Comparison of Toilet Rebate Program with Other Supply Options  
   (Capacity Construction Costs in 1992 dollars)11 

Available Rebate 
Program Options 

Supply 
(millions of 
gallons per 
day - mgd) 

Cost of 
Supply 

($ millions) 

Cost of Additional 
Wastewater 
Treatment 
Capacity  

($ millions) 

Total Capacity 
Cost 

($/mgd – millions) 

$150 Toilet Rebate 40.2 $150 $3.73 
$240 Toilet Rebate 90.6 $393 $4.34 
$360 Toilet Rebate 150.9 $860 

Reduced demand – 
additional capacity 

not required $5.70 
Available Supply 

Options     

Chelsea Pumping 
Station Expansion 250 $1,200 $1,500 $10.80 

Hudson Skimming 400 to 1,000 $4,000 to 
$8,000 $2,500 to $6,000 $14 to $16 

 Notes:  Costs are present value in 1992 at 8% discount rate. 
   Consumer benefits in form of water and energy savings not included 
   Chosen alternative shown in bold 

Table 3 shows a comparison of the unit cost of providing water for the selected rebate alternative ($240) 
with the two available supply options. 

 Table 3. Comparison of the Selected Toilet Rebate Program with Other Supply  
   Options (Unit Cost of Providing and Treating Water) 11 

Alternative Cost Per Gallon of Water 
Current (1992) Supply and Treatment Sources 0.189¢ 
Water Supplied Through $240 Toilet Rebate Program 0.104¢ 
Water Supplied Through Chelsea Pumping Expansion and 
Treated with Required Wastewater Treatment Expansions 0.318¢ 

 Notes:  Costs are present value in 1992 at 8% discount rate. 
   Consumer benefits in form of water and energy savings not included 
   Chosen alternative shown in bold 

On this basis, NYC chose the $240 rebate alternative and initiated a massive toilet rebate program in 1994 
focused on accelerating toilet replacement in both residential and commercial applications.  The program 
mandated that licensed plumbers install the toilet fixtures, thereby making it a composite rebate-direct 
                                                
11 Source: New York City, “Water-Saving Plumbing Fixture Retrofit and Rebate Program”. 
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installation program.  As such, the rebates established for the program were designed to cover about two-
thirds of the cost of the fixture and the installation by plumbers.   

From March 1994 through April 1997, 1.3 million inefficient toilets were replaced with 6.0-lpf fixtures.  
The City paid out about $290 million in rebates (at a rate of $240 for the first toilet replaced in residences, 
$150 for the second toilet fixture replaced in the same residence, and $150 for commercial toilets).  The 
City’s evaluation report12 on the program stated the following: 

• Average water use in buildings that participated in the program declined by 69 gallons per 
day per apartment unit.  This was equivalent to a 29 percent reduction in water use. 

• Per capita water use dropped from 195 gallons per day in 1991 to 164 gallons per day in 
1997. 

 
As an update, the City described the long-term results as follows: 

 “New York City in 2004 uses more than 25 percent less water every day than it did in 1991 -- 
around 1.1 billion gallons a day as opposed to almost 1.5 billion gallons a day in 1991. The change 
is due in large part to a massive conservation drive by the Department of Environmental Protection 
that has included universal water metering, a Toilet Rebate Program that replaced over 1.3 million 
old water-wasting toilets, a program to install fire hydrant locks in neighborhoods throughout the 
five boroughs, and a leak detection program to inspect underground water mains for leaks.”13 
 

Similar reductions were recorded for inflows to wastewater treatment plants.  In fact, the economic 
analyses clearly indicated to the NYC decision-makers that the rebate program approach was the 
preferred  
 
Los Angeles, California 

The City of Los Angeles’ Department of Water and Power (LADWP) recently completed its Urban Water 
Management Plan for 2005.14  In that draft plan, the City provides information on the impact of its water 
conservation initiatives: 

"Los Angeles has long taken a leadership role in managing its demand for water - a precious, 
limited natural resource.  Thanks to demand management measures, Los Angeles’ water use today 
is equal to the annual use of about 20 years ago, despite a growth in population of more than 
700,000 people.  Los Angeles consistently ranks among the lowest in per capita consumption when 
compared to California’s largest cities.  These significant accomplishments have resulted both 
from the sustained implementation of effective water conservation programs, and the City’s culture 
of conservation as a way of life." 

 
According to Mr. Thomas Gackstetter, Manager of their Water Conservation organization, there is one 
measure more than any other that is responsible for this reduction in water demand - 1.24 million 
inefficient toilets have been replaced with ultra-low-flush (6.0-lpf) toilets through LADWP programs 
since 1990.  Ultra-low-flush toilets are the cornerstone of water conservation in Los Angeles.15 
 
The figure below depicts annual water demand (in acre-feet16) against a 35-year history population 
growth for the City of Los Angeles. 
 
                                                
12 New York City Department of Environmental Protection, 1997.  Evaluation of New York City’s Toilet Rebate 
Program, Final Report, Volume I, May 30. 
13 http://www.nyc.gov/html/dep/html/press/04-16pr.html 
14 Los Angeles Department of Water and Power, 2005. 2005 Urban Water Management Plan for LADWP (draft). 
15 Thomas Gackstetter, personal communication, September 21, 2005. 
16 An acre-foot equals approximately 326,000 gallons, or 1.23 million litres. 
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Redwood City, California 

As mentioned earlier, Redwood City embarked upon an aggressive program in 2004 to significantly 
reduce water imports.  The City determined that the initial steps required to achieve their goal was to 
implement a residential toilet replacement program.  The City further determined that the inventory of 
existing residential toilet fixtures flushing at 3.5 gallons (13 liters) and above was about 30,000.  Two-
thirds of the 30,000 were estimated to be flushing at 5 to 7 gallons (19 to 26 liters).  Based upon their 
water use reduction goals, their replacement program target was set at 12,000 of those 30,000 fixtures. 

The Redwood City program (now underway) was broken into two components:  a free distribution 
program and a direct installation program.  The free distribution program included the giveaway of 
approximately 1,000 dual-flush high-efficiency toilets and about 300 1.6-gpf (6.0-lpf) pressure-assist 
toilets.  This has been followed by the direct installation discussed earlier, which is providing the 
customer a choice between a conventional gravity-fed 1.6-gpf (6.0-lpf) toilet and a pressure-assist 1.0-gpf 
(3.8-lpf) toilet.  Most customers are choosing the pressure-assist fixture. 

The City has performed a cursory analysis of the dual-flush portion of the first program phase, 
determining the water use reductions that have occurred in 100 of the 1,000 homes installing the dual-
flush fixtures.  They found an average daily water use reduction of 60 liters per day per household.  
Unfortunately, they have no data on the flush volume of the toilet fixture that was removed and replaced.  
Some of the toilets could have been 1.6-gpf (6.0-lpf) fixtures while others could have been rated at 3.5-, 
5-, or 7-gpf (13-, 19-, or 26-lpf).  Without this baseline information, it is difficult to determine what the 
real net effects would be for a program directed at replacing only those fixtures with flush volumes of 3.5-
gpf (13-lpf) and greater.  When the entire 12,000 residential toilets have been replaced in this program, 
the City will be better able to measure the overall water use reduction effects. 
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Seattle, Washington 

Similar to Los Angeles and New York City, Seattle has also been engaged in aggressive water 
conservation practices for over a decade.  Included within Seattle’s programs are toilet fixture 
replacements in both residential and non-residential applications, again substituting 1.6-gpf (6-lpf) toilets 
for the older 3.5-gpf (13-lpf) and larger fixtures. Over the 15-year period from 1990 to 2004, per capita 
consumption declined as population grew: 
 

Actual and Weather-Adjusted Per Capita Water Consumption
Retail and (Non-CWA) Wholesale Customers:  1990-2004
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Steady, declining per capita consumption reductions have reduced Seattle’s total regional consumption to 
levels not seen since the 1970s, despite 30% growth in regional population: 
 

 
D. Recommendations 
The original New York City toilet rebate and direct installation program was designed to address 
wastewater treatment infrastructure needs by deferring capital improvements through the reduction of 
inflows.  The massiveness of the program (costing somewhere around $300 million) and the immediacy 
of the need resulted in a program design that achieved its goals in a short three-year period.  A large city 
or water authority requiring similar immediate reductions, whether for water supply or for downstream 
water treatment needs, should seriously consider the model followed by New York for the following 
reasons: 
 

• The city can specify and maintain control over the types of toilets that are installed. 

• All toilets are installed by licensed plumbers or their equivalents, depending upon the code 
requirements of the jurisdiction. 

• By involving the plumbing trades within the city and spreading the work among many such 
individuals and companies, the city can implement the program and achieve water use 
reductions as rapidly as funding will allow.  Furthermore, it “involves” these trades in the 
program and, thus, can yield important public relations benefits. 

• Rebates may be paid to participating program plumbers and contractors (rather than individuals), 
reducing the administrative burden upon the city. 

• Liabilities, if any, and product warranties are borne by the installers and manufacturers, not by 
the city. 

• The program model is scalable, making it potentially applicable to cities and water authorities of 
all sizes. 
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NOTE:  All costs contained within this paper are in 1996 U.S. dollars unless otherwise noted. 
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Interactions	  Among	  
AB	  715	  (Laird	  2007),	  SB	  407	  (Padilla	  2009),	  	  

and	  CALGreen	  Building	  Standards	  
	  

Assessing	  for	  Provisions	  of	  Water	  Use	  Efficiency	  Regulations	  
	  

Existing	  law	  provides	  for	  the	  following:	  
• requires	  that	  all	  toilets	  or	  urinals	  sold	  or	  installed	  in	  the	  state	  use	  no	  more	  than	  an	  average	  of	  1.6	  gallons	  or	  

one	  gallon	  per	  flush,	  respectively;	  
• requires	  that	  certain	  disclosures	  be	  made	  upon	  the	  transfer	  of	  real	  estate;	  and	  
• authorizes	  water	  purveyors	  to	  adopt	  and	  enforce	  water	  conservation	  programs.	  	  	  

These	  three	  matters	  are	  affected	  by	  the	  regulations	  AB	  715	  (Laird	  2007),	  SB	  407	  (Padilla	  2009),	  (both	  already	  
chaptered),	  and	  the	  CALGreen	  Building	  Standards	  (waiting	  formal	  inclusion	  in	  California	  Building	  Standards	  Code	  -‐	  
CBSC	  on	  January	  1,	  2011).	  	  Between	  the	  three	  regulations,	  however,	  there	  is	  some	  degree	  of	  confusion	  or	  
uncertainty	  regarding	  what	  happens	  when,	  and	  how	  it	  happens.	  Specifically,	  this	  relates	  to	  water	  efficiency	  
measures,	  as	  altered	  by	  the	  regulations’	  effect	  on	  the	  plumbing	  code	  and	  building	  standards.	  
	  
Per	  the	  table	  below	  (“Toilet	  and	  Urinal	  Fixtures	  in	  the	  California	  Code”),	  there	  are	  differing	  standards	  for	  toilets	  and	  
urinals,	  and	  differing	  dates	  for	  implementation	  of	  high-‐efficiency	  models,	  i.e.,	  HETs	  and	  HEUs.	  	  In	  addition,	  SB	  407	  
and	  CalGreen	  address	  general	  plumbing	  fixtures,	  while	  AB	  715	  addresses	  exclusively	  toilets	  and	  urinals.	  	  	  
	  

AB	  715	  	  
COVERS:	  	  Toilets	  and	  Urinals	  
CHAPTERED	  AS:	  Health	  and	  Safety	  Code	  17921.3	  

This	  law	  requires	  that,	  on	  or	  after	  January	  1,	  2014,	  100%	  of	  toilets	  and	  urinals	  (other	  than	  blow-‐out	  urinals)	  sold	  or	  
installed	  in	  California	  be	  high-‐efficiency	  (maximum	  of	  1.28	  gallons	  per	  flush	  for	  high-‐efficiency	  toilets	  –	  HETs	  -‐	  and	  
0.5	  gallons	  per	  flush	  for	  high-‐efficiency	  urinals	  -‐	  HEUs).	  	  (In	  addition,	  the	  law	  requires	  that	  non-‐water	  urinals	  be	  
approved	  for	  sale	  and	  installation	  in	  California.)	  	  The	  law	  requires	  that	  any	  state	  agency	  adopting	  or	  proposing	  
building	  standards	  for	  plumbing	  systems	  to	  consider	  developing	  building	  standards	  that	  would	  govern	  the	  use	  of	  
non-‐water	  urinals	  for	  submission	  to	  the	  CBSC.	  	  This	  law	  imposes	  a	  state-‐mandated	  local	  program,	  and	  violation	  of	  
the	  State	  Housing	  Law	  is	  punishable	  as	  a	  misdemeanor.	  	  This	  law	  addresses	  exclusively	  toilets	  and	  urinals,	  and	  no	  
other	  residential	  or	  commercial	  plumbing	  fixtures,	  fittings,	  appliances,	  or	  equipment.	  
	  
The	  challenge	  with	  this	  bill	  is	  enforcement.	  	  As	  with	  all	  instances	  where	  additional	  inspection	  and	  enforcement	  
burdens	  are	  placed	  upon	  municipalities,	  there	  is	  doubt	  as	  to	  whether	  either	  the	  technical	  capabilities	  or	  the	  
municipal	  budgets	  currently	  exist	  to	  take	  on	  the	  added	  responsibilities	  associated	  with	  these	  requirements.	  This	  can	  
be	  demonstrated	  with	  the	  lack	  of	  full	  enforcement	  of	  today’s	  plumbing	  codes	  in	  new	  commercial	  construction.	  
	  
AB	  715	  contained	  no	  provisions	  related	  to	  the	  retrofit	  on	  resale	  of	  existing	  single-‐family	  or	  multi-‐family	  homes,	  nor	  
is	  there	  mention	  of	  existing	  commercial.	  	  However,	  by	  virtue	  of	  the	  100%	  requirement	  relating	  to	  sales	  after	  
January	  1,	  2014,	  all	  commercial	  and	  residential	  renovations	  involving	  toilet	  and/or	  urinal	  replacement	  would	  be	  
subject	  to	  the	  HET	  and	  HEU	  requirements.	  	  As	  such,	  the	  expectation	  is	  for	  natural	  turnover/replacement	  to	  
ultimately	  lead	  to	  the	  replacement	  of	  all	  toilets	  and	  urinals	  throughout	  the	  State	  over	  	  a	  period	  of	  time.	  
	  
The	  bill	  also	  does	  not	  address	  what	  contractors,	  plumbers,	  or	  installers	  of	  the	  new	  HETs	  and	  HEUs	  are	  to	  do	  with	  
the	  fixtures	  being	  replaced.	  	  Experience	  suggests	  that	  there	  is	  a	  secondary	  recycling	  market	  for	  the	  chinaware	  and	  
other	  components	  of	  the	  toilets	  and	  urinals	  being	  removed.	  
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SB	  407	  
COVERS:	  Toilets,	  Urinals,	  Showerheads,	  Interior	  Faucets	  

SB	  407	  mandates	  all	  buildings	  in	  California	  come	  up	  to	  1992	  State	  plumbing	  fixture	  standards	  at	  some	  point	  in	  the	  
next	  decade.	  	  This	  law	  establishes	  requirements	  that	  residential	  and	  commercial	  property	  built	  and	  available	  for	  use	  
on	  or	  before	  January	  1,	  1994	  replace	  plumbing	  fixtures	  that	  are	  not	  water	  conserving,	  defined	  as	  “noncompliant	  
plumbing	  fixtures”	  as	  follows:  

(1)	  any	  toilet	  manufactured	  to	  use	  more	  than	  1.6	  gallons	  of	  water	  per	  flush;	  	  
(2)	  any	  urinal	  manufactured	  to	  use	  more	  than	  one	  gallon	  of	  water	  per	  flush;	  	  
(3)	  any	  showerhead	  manufactured	  to	  have	  a	  flow	  capacity	  of	  more	  than	  2.5	  gallons	  of	  water	  per	  minute;	  
and	  	  
(4)	  any	  interior	  faucet	  that	  emits	  more	  than	  2.2	  gallons	  of	  water	  per	  minute.	  	  	  

Conversely,	  the	  law	  defines	  the	  category	  of	  “water-‐conserving	  plumbing	  fixtures”	  as	  fixtures	  that	  are	  compliant	  
with	  current	  standards	  and	  use	  water	  equal	  to	  or	  less	  than	  the	  amounts	  shown	  above.	  
	  
On	  or	  before	  January	  1,	  2019,	  all	  noncompliant	  plumbing	  fixtures	  in	  multi-‐family	  residential	  and	  commercial	  
properties	  must	  be	  replaced	  by	  the	  property	  owner	  with	  water-‐conserving	  plumbing	  fixtures.	  	  For	  single-‐family	  
residential	  property,	  the	  compliance	  date	  is	  January	  1,	  2017.	  
	  
Building	  Alterations	  &	  Improvements	  

In	  advance	  of	  the	  above	  dates,	  the	  law	  requires,	  on	  and	  after	  January	  1,	  2014,	  for	  building	  
alterations/improvements	  to	  all	  residential	  and	  commercial	  property,	  that	  water-‐conserving	  plumbing	  fixtures	  
replace	  all	  noncompliant	  plumbing	  fixtures	  as	  a	  condition	  for	  issuance	  of	  a	  certificate	  of	  final	  completion	  and	  
occupancy	  or	  final	  permit	  approval	  by	  the	  local	  building	  department.	  	  	  
	  
Real	  Property	  Sales	  and	  Transfers	  (disclosures)	  

The	  law	  requires,	  on	  and	  after	  January	  1,	  2017,	  that	  a	  seller	  or	  transferor	  of	  single-‐family	  residential,	  disclose	  to	  the	  
purchaser	  or	  transferee,	  in	  writing,	  the	  specified	  requirements	  for	  replacing	  plumbing	  fixtures	  and	  whether	  the	  real	  
property	  includes	  noncompliant	  plumbing.	  	  For	  multi-‐family	  residential	  and	  commercial	  property,	  the	  date	  is	  
January	  1,	  2019.	  
	  
Special	  Provision:	  Postponement	  of	  Requirements	  

The	  law	  provides	  that	  the	  application	  of	  its	  requirements	  may	  be	  postponed	  up	  to	  one	  year	  with	  respect	  to	  a	  
building	  for	  which	  a	  demolition	  permit	  has	  been	  issued.	  	  	  
	  
Special	  Provision:	  Fixture	  Operation	  in	  Tenant	  Spaces	  

Regarding	  rental	  or	  leased	  properties,	  the	  law	  requires	  that,	  on	  and	  after	  January	  1,	  2019,	  the	  water-‐conserving	  
plumbing	  fixtures	  prescribed	  within	  the	  law	  operate	  at	  the	  manufacturer’s	  rated	  water	  consumption	  at	  the	  time	  
that	  a	  tenant	  takes	  possession.	  	  	  
	  
Special	  Provision:	  	  Local	  Ordinances	  

The	  law	  permits	  a	  city	  or	  county	  or	  retail	  water	  supplier	  to	  enact	  a	  local	  ordinance	  or	  policy	  that	  promotes	  
compliance	  with	  the	  provisions	  of	  the	  law,	  or	  that	  will	  result	  in	  greater	  water	  savings	  than	  otherwise	  provided	  by	  
the	  law.	  	  Any	  city,	  county,	  or	  city	  and	  county	  that	  has	  adopted	  an	  ordinance	  requiring	  retrofit	  of	  noncompliant	  
plumbing	  fixtures	  prior	  to	  July	  1,	  2009,	  is	  exempt	  from	  its	  requirements	  so	  long	  as	  the	  ordinance	  remains	  in	  effect.	  
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Enforcement	  

Again,	  however,	  the	  complication	  or	  barrier	  to	  implementation	  occurs	  in	  the	  enforcement,	  i.e.,	  how	  this	  law	  will	  be	  
enforced	  in	  the	  various	  situations	  covered	  in	  the	  law.	  	  	  The	  law	  does	  not	  specify	  punishment	  for	  noncompliance,	  but	  
only	  requires	  that	  the	  purchaser	  or	  transferee	  be	  notified	  of	  the	  noncompliance.	  	  The	  law	  includes	  a	  strong	  reliance	  
on	  building	  inspectors	  and	  real	  estate	  agents	  to	  ensure/enforce	  that	  all	  faucets,	  showerheads,	  urinals,	  and	  toilets	  
are,	  in	  fact,	  water	  conserving	  and	  operate	  at	  the	  manufacturers’	  specified	  standard.	  As	  with	  AB	  715,	  the	  question	  
remains	  as	  to	  whether	  either	  the	  technical	  capabilities	  or	  the	  municipal	  budgets	  currently	  exist	  to	  take	  on	  the	  
added	  responsibilities	  at	  the	  local	  level.	  	  
	  
Like	  AB	  715,	  the	  law	  does	  not	  address	  what	  contractors,	  plumbers,	  or	  installers	  of	  the	  new	  toilets	  are	  to	  do	  with	  the	  
replaced	  fixtures.	  	  	  
	  

CALGreen	  Building	  Standards	  Code	  	  

This	  component	  is	  the	  11th	  of	  12	  parts	  of	  the	  official	  compilation	  and	  publication	  of	  the	  adoptions,	  amendments	  and	  
repeal	  of	  regulations	  to	  California	  Code	  of	  Regulations,	  Title	  24,	  also	  referred	  to	  as	  the	  CBSC.	  	  This	  component	  is	  
known	  as	  the	  California	  Green	  Building	  Standards	  Code,	  and	  it	  is	  intended	  that	  it	  shall	  also	  be	  known	  as	  the	  
CALGreen	  Code.	  
	  
The	  CBSC	  is	  published	  in	  its	  entirety	  every	  three	  years	  by	  order	  of	  the	  California	  Legislature.	  	  These	  building	  
standards	  have	  the	  same	  force	  of	  law,	  and	  take	  effect	  180	  days	  after	  their	  publication	  unless	  otherwise	  stipulated.	  	  
There	  are	  two	  non-‐mandatory	  appendices	  to	  CALGreen	  that	  may	  be	  adopted	  locally	  if	  an	  agency	  chooses	  to	  require	  
more	  stringent	  conservation.	  	  The	  CBSC	  applies	  to	  all	  occupancies	  in	  the	  State	  of	  California	  as	  annotated.	  	  A	  city,	  
county	  or	  city	  and	  county	  may	  establish	  more	  restrictive	  standards	  reasonably	  necessary	  because	  of	  local	  climatic,	  
geological,	  or	  topographical	  conditions.	  	  For	  the	  purpose	  of	  this	  code,	  these	  conditions	  include	  local	  environmental	  
conditions	  as	  established	  by	  a	  city,	  county,	  or	  city	  and	  county.	  	  Findings	  of	  the	  local	  condition(s)	  and	  the	  adopted	  
local	  building	  standard(s)	  must	  be	  filed	  with	  the	  California	  Building	  Standards	  Commission	  to	  become	  effective	  and	  
may	  not	  be	  effective	  sooner	  than	  the	  effective	  date	  of	  the	  most	  recent	  edition	  of	  the	  CBSC.	  	  Local	  building	  
standards	  that	  were	  adopted	  and	  applicable	  to	  previous	  editions	  of	  the	  CBSC	  do	  not	  apply	  to	  the	  most	  recent	  
edition	  without	  appropriate	  adoption	  and	  the	  required	  filing.	  
	  
Water	  efficiency	  requirements	  begin	  on	  page	  17	  of	  the	  CALGreen	  Code	  
http://www.hcd.ca.gov/codes/shl/2010_CA_Green_Bldg.pdf	  
	  
While	  this	  is	  the	  most	  thorough	  of	  all	  laws	  discussed	  here,	  it	  covers	  ONLY	  new	  construction	  and	  renovations.	  	  It	  
does	  not	  cover	  such	  areas	  as	  property	  resales,	  seller	  disclosures,	  or	  product	  sales.	  	  Indoor	  provisions	  of	  CALGreen	  
include:	  commercial	  submetering,	  excess	  consumption	  submetering,	  efficient	  fixtures,	  faucet	  aerators,	  toilets,	  
urinals,	  lavatory	  and	  metering	  faucets,	  multiple	  showerheads,	  and	  non-‐potable	  water	  use	  systems.	  	  Outdoor	  
considerations	  include:	  water	  budgets,	  landscape	  submetering,	  and	  irrigation	  design	  (including	  rain	  sensors	  and	  
weather-‐based	  irrigation	  controllers).	  	  There	  is	  to	  be	  a	  section	  on	  water	  reuse	  systems,	  though	  it	  is	  not	  yet	  included	  
within	  the	  document.	  
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Mandatory	  provisions	  

CalGreen	  prescriptive	  indoor	  provisions	  for	  	  maximum	  water	  consumption	  of	  plumbing	  fixtures	  and	  fittings	  are	  as	  
follows:	  
	   	   Baseline	  consumption	   High-‐Efficiency	  consumption	  
	   Fixture/Fitting	   (Tables	  4.303.1	  &	  5.303.2.2)	   (Tables	  4.303.2	  &	  5.303.2.3)	  

	   Water	  Closets	  (Toilets)	  –	  all	  types	   1.6	  gallons	  per	  flush	   1.28	  gallons	  per	  flush	  
	   Urinals	   1.0	  gallon	  per	  flush	   0.5	  gallons	  per	  flush	  
	   Residential	  showerheads	   2.5	  gallons	  per	  minute	   2.0	  gallons	  per	  minute	  
	   Residential	  lavatory	  faucets	   2.2	  gallons	  per	  minute	   1.5	  gallons	  per	  minute	  
	   Kitchen	  faucets	   2.2	  gallons	  per	  minute	   1.8	  gallons	  per	  minute	  
	   Replacement	  faucet	  aerators	   2.2	  gallons	  per	  minute	   not	  specified	  
	   Non-‐residential	  lavatory	  faucets	   0.5	  gallons	  per	  minute	   0.4	  gallons	  per	  minute	  
	   Metering	  faucets	   0.25	  gallons	  per	  cycle	   0.2	  gallons	  per	  cycle	  
The	  high-‐efficiency	  consumption	  levels	  shown	  above	  represent	  CalGreen’s	  prescriptive	  path	  to	  compliance.	  	  	  

However,	  Sections	  4.301.1	  and	  5.303.2	  provide	  that	  an	  optional	  performance	  path	  may	  be	  chosen	  instead.	  That	  
option	  requires	  an	  overall	  aggregate	  20%	  reduction	  in	  indoor	  water	  use	  from	  a	  calculated	  baseline	  using	  a	  set	  of	  
worksheets	  provided	  within	  the	  CalGreen	  document.	  	  	  This	  trade-‐off	  method	  does	  not	  extend	  to	  exterior	  water	  uses	  
at	  the	  building.	  That	  is,	  landscape	  measures	  cannot	  be	  traded	  for	  indoor	  plumbing	  measures,	  and	  vice-‐versa.	  

Mandatory	  outdoor	  water	  use	  provisions	  consist	  of	  requiring	  a	  weather-‐based	  or	  soil	  moisture-‐sensing	  irrigation	  
controller.	  
	  
Voluntary	  provisions	  

In	  addition	  to	  the	  above	  mandatory	  requirements,	  further	  efficiencies	  are	  available	  to	  the	  jurisdiction	  or	  builder	  
through	  application	  of	  two	  voluntary	  “tiers”.	  	  For	  water	  use	  efficiency,	  tiers	  are	  as	  follows:	  
	  
Tier	  1	  requires	  that	  all	  of	  the	  mandatory	  requirements	  be	  satisfied	  PLUS	  the	  following:	  
	  	  	   Residential	  development	  (up	  to	  3	  stories):	  

 Kitchen	  faucet	  flow	  rate	  reduced	  from	  1.8	  gallons	  per	  minute	  to	  1.5	  gallons	  per	  minute	  
 Potable	  water	  use	  for	  landscape	  applications	  be	  reduced	  to	  a	  quantity	  that	  is	  ≤65%	  of	  ETo	  
 Incorporation	  of	  at	  least	  one	  other	  elective	  measure	  from	  a	  list	  of	  measures	  provided	  (including	  

such	  items	  as	  waterless	  toilet,	  waterless	  urinal,	  low-‐consumption	  irrigation	  system,	  rainwater	  
capture	  system,	  water	  budgeting,	  water	  reuse	  system)	  

Non-‐residential	  development	  (including	  mixed	  use	  with	  some	  residential):	  
• Aggregate	  indoor	  water	  use	  reduction	  of	  30%	  from	  the	  established	  baseline	  OR	  30%	  reduction	  in	  

individual	  water	  use	  for	  each	  of	  the	  plumbing	  fixtures	  listed	  above.	  
• Potable	  water	  use	  for	  landscape	  applications	  be	  reduced	  to	  a	  quantity	  that	  is	  ≤60%	  of	  ETo	  
• Incorporation	  of	  at	  least	  one	  elective	  measure	  from	  a	  list	  of	  measures	  provided	  (including	  such	  

items	  as	  clothes	  washers,	  commercial	  and	  residential	  dishwashers,	  ice	  makers,	  food	  steamers,	  
water	  softeners,	  dual	  plumbing,	  landscape	  submeters,	  water	  budget,	  potable	  water	  elimination	  
from	  outdoor	  use,	  graywater	  irrigation	  system)	  

	  
Tier	  2	  is	  more	  aggressive	  and	  requires	  that	  all	  of	  the	  mandatory	  requirements	  be	  satisfied	  PLUS	  the	  following:	  
	  	  	   Residential	  development	  (up	  to	  3	  stories):	  

 Kitchen	  faucet	  flow	  rate	  reduced	  from	  1.8	  gallons	  per	  minute	  to	  1.5	  gallons	  per	  minute	  
 Dishwashers	  be	  Energy	  Star	  qualified	  and	  use	  no	  more	  than	  5.8	  gallons	  per	  cycle	  
 Potable	  water	  use	  for	  landscape	  applications	  be	  reduced	  to	  a	  quantity	  that	  is	  ≤60%	  of	  ETo	  
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 Incorporation	  of	  at	  least	  two	  elective	  measures	  from	  a	  list	  of	  measures	  provided	  (including	  such	  
items	  as	  waterless	  toilet,	  waterless	  urinal,	  low-‐consumption	  irrigation	  system,	  rainwater	  capture	  
system,	  water	  budgeting,	  water	  reuse	  system)	  

Non-‐residential	  development	  (including	  mixed	  use	  with	  some	  residential):	  
• Aggregate	  indoor	  water	  use	  reduction	  of	  35%	  from	  the	  established	  baseline	  OR	  35%	  reduction	  in	  

individual	  water	  use	  for	  each	  of	  the	  plumbing	  fixtures	  listed	  above.	  
• Potable	  water	  use	  for	  landscape	  applications	  be	  reduced	  to	  a	  quantity	  that	  is	  ≤55%	  of	  ETo	  
• Incorporation	  of	  at	  least	  three	  elective	  measures	  from	  a	  list	  of	  measures	  provided	  (including	  such	  

items	  as	  clothes	  washers,	  commercial	  and	  residential	  dishwashers,	  ice	  makers,	  food	  steamers,	  
water	  softeners,	  dual	  plumbing,	  landscape	  submeters,	  water	  budget,	  potable	  water	  elimination	  
from	  outdoor	  use,	  graywater	  irrigation	  system)	  

	  

Conclusion:	  

After	  careful	  reading	  and	  assessment	  of	  the	  documents,	  these	  laws	  are	  not	  found	  to	  be	  contrary,	  but	  simply	  ‘one-‐
up’	  each	  other	  as	  dates	  pass	  and	  action	  is	  taken.	  	  The	  provision	  in	  AB	  715	  that	  all	  fixtures	  sold	  or	  installed	  after	  
January	  1,	  2014	  must	  be	  HETs	  and	  HEUs	  (sections	  17921.3	  (b)(1)	  and	  (2))	  is	  primary	  until	  January	  1,	  2014,	  or	  until	  
the	  date	  on	  which	  the	  California	  Building	  Standards	  Commission	  includes	  standards	  in	  the	  CBSC	  that	  conform	  to	  this	  
section,	  whichever	  date	  is	  later	  (section	  17921.3	  (i)).	  	  When	  the	  CBSC	  is	  updated	  to	  conform	  to	  the	  AB	  715	  
legislation	  (this	  is	  a	  required	  action	  by	  this	  legislation),	  it	  will	  become	  the	  primary	  plumbing	  code	  efficiency	  
provision,	  a	  regulation	  that	  is,	  in	  effect,	  law	  
	  
The	  efficiency	  provisions	  in	  SB	  407	  are	  augmented	  by	  those	  in	  AB	  715	  and	  the	  CALGreen	  Code	  (SB	  407	  only	  requires	  
toilet	  efficiency	  of	  1.6/1.0	  gallon	  per	  flush	  for	  a	  toilet	  and	  urinal	  versus	  the	  high-‐efficiency	  provision	  for	  1.28	  gallons	  
per	  flush	  in	  AB	  715	  and	  CALGreen).	  The	  more	  stringent	  restrictions	  in	  AB	  715	  and	  the	  CALGreen	  Code	  will	  supersede	  
the	  equipment	  flow	  standards	  included	  in	  SB	  407.	  	  	  SB	  407	  requires	  entities	  to	  disclose	  non-‐efficient	  fixtures	  in	  real-‐
estate	  transactions	  and	  requires	  that	  all	  toilets	  in	  single-‐family	  residential,	  multi-‐family	  residential,	  and	  commercial	  
buildings	  have	  efficient	  fixtures	  by	  January	  1,	  2017,	  2019,	  and	  2019	  (respectively).	  	  This	  provision	  will	  complement	  
the	  other	  regulations,	  as	  it	  rounds	  out	  the	  requirements,	  including	  all	  buildings,	  whether	  transfer	  of	  ownership	  
occurs	  or	  not,	  and	  all	  plumbing	  fixtures	  (though	  this	  will	  likely	  be	  covered	  by	  the	  update	  of	  the	  CBSC).	  	  As	  noted	  
earlier,	  the	  very	  significant	  challenge	  of	  enforcement	  remains	  for	  all	  of	  these	  laws.	  
	  
Options	  for	  clarifying	  these	  incongruencies	  include	  rectifying/clarifying	  legislation.	  	  This	  would	  be	  helpful	  in	  two	  
cases:	  

• that	  of	  strengthening	  SB	  407	  to	  include	  some	  kind	  of	  enforcement	  for	  existing	  homes	  and	  real	  estate	  
transactions,	  as	  the	  plumbing	  code	  will	  be	  enforced	  on	  new	  development;	  and	  

• changing	  the	  standards	  listed	  in	  SB	  407	  to	  those	  in	  the	  CALGreen	  code	  at	  some	  point	  in	  the	  future.	  
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Toilet and Urinal Fixtures in the California Codes  
Condition, Activity, or Event AB 715 (2007) SB 407 (2009) CalGreen 
Sale of toilet and urinal 
fixtures through retail or other 
outlets 

All fixtures sold or installed 
after Jan 1, 2014 must be 
HETs or HEUs3 

Not addressed Not addressed 

Existing1 single family 
residential    

Resale Not addressed As of Jan 1, 2017, requires written disclosure by 
Buyer to Seller of non-compliant fixtures in property Not addressed 

Renovation2 
All fixtures installed after 
Jan 1, 2014 must be HETs 
or HEUs3 

Renovated SFR must be 1.6 max (toilets) or 1.0 max 
(urinals) on or after Jan 1, 2014 to obtain bldg or 
occupancy permit 

1.28 maximum3 IF prescriptive path is 
chosen (per 4.303.1) – Jan 1, 2011 

All other SFR Not addressed ALL SFR must be 1.6/1.0 max by Jan 1, 2017  
Existing1 multi-family 
residential    

Resale Not addressed As of Jan 1, 2019, requires written disclosure by 
Buyer to Seller of non-compliant fixtures in property Not addressed 

Renovation2 
All fixtures installed after 
Jan 1, 2014 must be HETs 
or HEUs3 

Renovated MFR must be 1.6 max (toilets) or 1.0 max 
(urinals) on or after Jan 1, 2014 to obtain bldg or 
occupancy permit 

1.28 maximum3 IF prescriptive path is 
chosen (per 4.303.1) – Jan 1, 2011 

All other MFR Not addressed ALL MFR must be 1.6/1.0 max by Jan 1, 20196  

Existing1 commercial    

Resale Not addressed As of Jan 1, 2019, requires written disclosure by 
Buyer to Seller of non-compliant fixtures in property Not addressed 

Renovation4 
All fixtures installed after 
Jan 1, 2014 must be HETs 
or HEUs3 

Renovated Comm’l must be 1.6 max (toilets) or 1.0 
max (urinals) on or after Jan 1, 2014 to obtain bldg or 
occupancy permit 

1.28 max (toilets) and 0.5 max (urinals)3 IF 
prescriptive path is chosen (per 5.303.2) – 
Jan 1, 2011 

All other Commercial Not addressed ALL Commercial must be 1.6 max on or after Jan 1, 
20195   

    

New single family residential Not addressed 

New multi-family residential Not addressed 

1.28 max (toilets) and 0.5 max (urinals)3 IF 
prescriptive path is chosen (per 4.303.1) – 
Jan 1, 2011 

New commercial 

All fixtures installed after 
Jan 1, 2014 must be HETs 
or HEUs3 

Not addressed 
1.28 max (toilets)3 and 0.5 max (urinals) IF 
prescriptive path is chosen (per 5.303.2) – 
Jan 1, 2011 

                                                 
1 Existing as of the effective date of the provision 
2 Alterations or improvements 
3 Toilet effective flush rate of 1.28 gallons, where dual flush toilets are measured as the average of one full flush and two reduced flushes. Urinal flush rate of 0.5 gallons. 
4 SB407 applies only where building additions increase total building size by more than 10 percent OR for building alterations or improvements, where the total construction 
cost estimated in the building permit exceeds $150,000 
5 Places continuing responsibility on the owner of rental property to guarantee that the toilet “shall be operating at the manufacturer’s rated water consumption at the time that 
the tenant takes possession.” 
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1 Existing as of the effective date of the provision 
2 Alterations or improvements 
3 Toilet effective flush rate of 1.28 gallons, where dual flush toilets are measured as the average of one full flush and two reduced flushes. Urinal flush rate of 0.5 gallons. 
4 SB407 applies only where building additions increase total building size by more than 10 percent OR for building alterations or improvements, where the total construction 
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INTRODUCTION 

The purpose of this study was to evaluate and estimate water savings that accrued from the 
replacement of slightly less than 5,000 aging high-volume toilets1 in 80 multi-family residential 
and commercial properties within the service area of the Santa Clara Valley Water District 
(SCVWD).  The replacement toilets chosen for the project were all High-Efficiency Toilets2 
(HETs). 
 
The SCVWD engaged the services of an experienced retrofit contractor to perform the 
replacements; licensed plumbers were used to install all toilet fixtures.  The replacements that 
are the subject of this study all took place during a period of approximately four years from July 
2007 to May 2011. Except for a few instances noted later, all replacement installations involved 
only the toilet.  SCVWD reports that other plumbing or appliance items within the subject 
properties were not replaced during the period of savings analysis. 
 
The program was implemented in Santa Clara County.  Water use data for the study was 
provided by the Cities of Morgan Hill, Mountain View, Palo Alto and Sunnyvale. 
 
A very special thank you goes to Ms. Karen Koppett of the SCVWD.  Ms. Koppett was 
instrumental in furnishing information and setting the direction of the study.  Many thanks also 
go to the Cities of Morgan Hill, Mountain View, Palo Alto and Sunnyvale, where persons 
associated with the water billing departments spent a large number of hours retrieving billing 
data for the 80 properties covered by the study.  This was a significant task and their work 
yielded results that were essential to the study conclusions. 
 
 

                                                 
1 Replaced toilets consisted entirely of fixtures rated at 3.5 and 5.0 gallons per flush-gpf (13 and 19 liters per flush-
Lpf) 
2 High-efficiency toilet (HET) fixtures are defined as those with an effective flush volume 20 percent less than the 
Federal maximum of 1.6 gallons (6.0 liters) per flush.  As such, all HETs flush (on average) at 1.28 gallons (4.8 liters) 
or less. 
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PROGRAM BACKGROUND 
 
Fixture Replacements  

This analysis focused on the replacement of 4,954 aging toilet fixtures3 with High-Efficiency 
Toilet (HET)4 models, divided as follows: 
 

      Table 1.  Toilet fixture replacements by community 
 
 
 
 
 

 
 

 

 

The program replaced aging 3.5- and 5.0-gallons per flush (gpf) fixtures with HETs5, most of 
which were gravity-fed tank-type fixtures.  The gravity-fed fixture used was the Caroma Sydney 
Smart 305 dual-flush with elongated bowl, flushing at 1.3 gpf on the full flush and 0.9 gpf on the 
reduced flush6.  This fixture model is certified to the WaterSense specification and carries the 
WaterSense label7.  The few flushometer valve-bowl combinations replaced used the Zurn 
EcoVantage 1.28 gpf elongated bowl8.  Replacement of 1.6-gpf fixtures was not a part of the 
SCVWD’s replacement program. 

Table 2 displays the distribution of the 1,711 non-residential replacements by sector.   
 

 

                                                 
3 The difference between the total number of fixtures replaced and the 4,954 is due largely to the exclusion from the 
analysis of: (a) those toilet replacements that were accompanied by concurrent high-efficiency urinal retrofits, (b) 
replacement installations with incomplete water consumption data either before or after the physical replacement took 
place, and (c) those generating anomalous water use data. 
4 The first HET fixtures were introduced to the North American marketplace in 1999. Since that date, over 1,300 
different HET models from dozens of manufacturers exist in the U.S. marketplace.  The U.S. EPA’s WaterSense 
program endorses HETs and labels those models that perform to a high set of standards.  The gravity-fed HET model 
installed in most locations is WaterSense labeled (see footnote 6 below). 
5 A total of 831 5.0-gpf toilet fixtures were replaced in multi-family buildings and included within this evaluation, all of 
which were located in Sunnyvale.  The remaining 4,123 fixtures, all but 5 of which flushed at 3.5-gpf, were scattered 
throughout the four communities. 
6 Caroma model numbers 609130 bowl and 622322 tank; MaP score of 800 grams 
7 http://www.epa.gov/watersense/docs/spec_het508.pdf   
8 Zurn model Z5615 bowl; MaP score of 800 grams when matched with a 1.28 gpf flushometer valve 
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  Table 2.  Non-residential toilet fixture replacements 
 
 
 
 
 
 
 
 
 
 
 
 

               

  *-Hospitality includes lodging establishments and eating places 

Schedule of Replacements 

Replacement of the 4,954 fixtures was spread over a period of four (4) years, beginning in July 
2007 and concluding in May of 2011.  Figure 1 shows the spread of installations by category 
over that period of time. 

Participating Properties 

A total of 80 properties from the four communities participated in the replacement program and 
are benefitting from it.  These are divided as follows: 
 

                 Table 3.  Properties participating in the program 
 

 

 
 
 

 

 
 

 

 
Data Collection 

For the purpose of assessing water use reductions achieved through the program, the SCVWD 
collaborated with the four retail water service providers to secure water meter readings for no 
less than one year following fixture installation.  These meter readings were then compared to 
meter reads from periods prior to installation of from 12 to 36 months. 
 
In addition to metered water consumption and property location, each data set for an individual 
participant (property) contained information on type of property, the number of fixtures replaced 
within the property, the flush volume of the replaced toilets, and the date of replacement.  
Information on population within the residential properties, occupancy rate of the hotels, and 
employment in the non-residential buildings in which toilets were replaced was not obtained and 
was not a consideration in the data collection or analyses. 
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STUDY RESULTS 

Methodology 
 
Metered water consumption data furnished by the retail water utilities (through SCVWD) were 
used to assess demand reductions, if any, resulting from toilet fixture replacements.  Sub-
metering or other fixture-specific monitoring of uses within homes and businesses was not 
performed.  All results relied entirely upon data from utility meters and reports from the program 
contractor. 
 
To reduce the effect of seasonal variations in climate (and, hence, water demand variances) 
from year to year, water demand during the four high-use summer months was excluded.  Some 
of the participating water utilities are programmed for bimonthly billing of their customers, others 
bill monthly.  As a result, in some cases, two billing periods were excluded while, in other cases, 
four billing periods were excluded. 
 
Except for one property, all of the toilet replacements were made without other water efficiency 
improvements being made at the same time. That one property, with 468 replacement toilets, 
was therefore excluded from all analyses, since it was not possible to disaggregate water 
savings for the toilets alone. 

Findings 
Water savings achieved through toilet fixture replacement were assessed for several different 
categories of end-user as well as for the flush volume of the old and new toilets 

Overall water savings 
The replacement of toilet fixtures resulted in the following: 

    Table 4.  Savings from all toilet fixture replacements9 
 
 
 
 

 
 

 
 
Multi-family residential water savings 
For residential, the distribution of toilet replacements and water savings were as follows: 

        Table 5. Residential properties, toilet replacement, and water savings 

                                                 
9 Represents a mixture of aging toilets replaced: 3.5-gpf and 5.0-gpf.  Replacement toilets all qualified as HETs.  
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Non-residential water savings 
Non-residential installations fell into seven general categories, most participating properties 
being in the hospitality and office/medical classifications as noted in Table 6. 

   Table 6.  Water savings by non-residential category 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Water savings by toilet replaced 
(3.5 gallons per flush vs. 5.0 gallons per flush) 

The program contractor recorded the flush volume of the aging toilets replaced at each 
participating property, indicating whether the replaced fixtures had been functioning at 3.5-gpf or 
5.0-gpf.  Assuming that the contractor correctly assessed the flush volumes, Table 7 shows the 
savings associated with each category of replacement. 

        Table 7.  Water savings by replaced toilet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For multi-family residential installations, the data in Table 7 shows savings from replacing 3.5-
gpf toilets slightly higher than those resulting from the replacement of 5.0-gpf fixtures.  Specific 
data on the age or condition of the properties and the replaced fixtures is not available, nor was 
the resident population of the 44 residential properties.  That is, the resident density of these 
properties may be significantly different between those replacing 3.5-gpf toilets and those very 
few properties with 5.0-gpf toilets. Because of these factors, we cannot estimate and compare 
the daily resident usage of the 5.0-gpf fixtures with the 3.5-gpf fixtures. 
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Another causal factor is the leakage of aging toilet fixtures, which usually played a large role in 
water savings figures for toilet fixtures.  It is common in the older fixtures that leakage can be 
significant10, particularly in multi-family housing where the tenant is not responsible for 
maintaining the toilet fixture.  When these leaking fixtures are replaced with new models, 
leakage is eliminated and water is saved (at least for a period of time).  This factor, when 
combined with reduced flush volumes, can yield extraordinary water savings.  The magnitude of 
those savings is largely influenced by the condition of those older fixtures, which, in turn, may 
be determined by the level of maintenance on the fixtures performed over their lifetime.  In 
cases with attentive management and fixture maintenance, leakage is usually not significant.  
On the other hand, a lack of proper maintenance can result in ongoing leakage that is 
eliminated when the aging fixture is replaced with a new HET.  In this case, we have no data on 
the physical condition of either the 3.5-gpf or the 5.0-gpf toilets removed and replaced.  
 
Given the large number of water consumption variables existing in aging toilets installed in 
multi-family residential (physical condition of the aging toilet and occupancy of the dwellings), it 
is not wise to focus only on the rated flush volume changes when estimating water use 
reductions11.  Rather, an overall number for all aging toilet replacements is more appropriate.  
Therefore, the combined daily water savings rate of 38.0 gallons per toilet (Table 5) is 
recommended as a planning number for the replacement of multi-family residential fixtures 
dating from the 1980s and previous. 

                                                 
10 Leakage at gravity-fed toilets usually occurs for one or both of the following reasons: (a) degraded or incorrect flush 
valve seals (flappers) and (b) faulty fill valves (ballcock float arm type) that release water into the overflow tube as a 
result of system water pressure changes.  In the latter case, this type of leakage can be eliminated by re-setting the 
water line in the tank. 
11 In this specific case, the 1.5 gpf difference between a 3.5 gpf and a 5.0 gpf toilet (which are very unlikely to be 
flushing at those rates) may not be reflective of savings potential.  In addition, to estimate a savings based solely 
upon the delta between a 5.0 gpf toilet and a 1.28 gpf HET, for example, does not necessarily result in a reliable ‘real 
world’ number. 
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SUMMARY AND CONCLUSIONS 
 
In the properties covered in this analysis, the SCVWD’s program targeted only toilet fixture 
replacements.  The primary goal of the analysis was to derive daily water savings per toilet 
fixture based upon a total of 4,954 such replacements12.  While this represents an adequate 
sample from which to draw some general water savings metrics to be applied elsewhere, the 
parsing of this number into smaller and smaller increments for more sector-specific metrics 
leads to unreliable data.  However, the resulting water savings metrics for these sectors is still 
generally useful for rough projections of likely water use reductions when conservation 
programs are being developed or evaluated. 
 
Key water savings findings from the study were as follows: 

       Table 8.  Water savings summary 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
12 As noted in the report, however, other installations were removed from the analysis due to missing or inconsistent 
data. 
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Proper-‐	  
(es

Toilets	  
Replaced

Daily	  Water	  
Savings	  Per	  
Toilet	  (gals)

Proper-‐	  
(es

Toilets	  
Replaced

Daily	  Water	  
Savings	  Per	  
Toilet	  (gals)

Proper-‐	  
(es

Toilets	  
Replaced

Daily	  Water	  
Savings	  Per	  
Toilet	  (gals)

Hospitality* 13 1,461 40.6 7 366 45.0 20 1,827 41.5

Retail	  &	  services	   2 5 84.8 20 57 194.3 22 62 185.5

Office	  &	  medical	  	   14 208 68.4 21 96 34.6 35 304 57.7

Gym-‐Health	  Club-‐Spa	   2 22 19.2 1 12 443.8 3 34 169.1

Manufacturing	  &	  warehouse 3 7 56.5 8 81 17.7 11 88 20.8

Other	  (School,	  fire	  staPon,	  religious) 2 8 7.7 7 21 155.2 9 29 114.5

Total:	  	  All	  Non-‐residen(al 36 1,711 43.7 64 633 64.6 100 2,344 49.4

Total	  Residen(al 44 3,243 38.0 199 813 56.1 243 4,056 41.6

Total:	  Non-‐residen(al** 36 1,711 43.7 45 235 102.8 81 1,946 50.9
Total:	  Residen(al** 44 3,243 38.0 165 504 41.8 209 3,747 38.5
TOTAL:	  	  ALL	  CATEGORIES 80 4,954 40.0 210 739 61.2 290 5,693 42.7

*Includes	  hotels,	  motels,	  and	  eaPng	  places

**Excludes	  replacement	  of	  any	  1.6	  gpf	  toilets

Replacement	  of	  3.5	  and	  5.0	  gpf	  toilets	  only…

WATER	  SAVINGS	  FROM	  TOILET	  FIXTURE	  REPLACEMENTS	  -‐	  SANTA	  CLARA	  VALLEY	  WATER	  &	  SONOMA	  COUNTY	  WATER

SANTA	  CLARA	  VALLEY	  WATER

Category

	  Replacement	  of	  1.6,	  3.5,	  and	  5.0	  gpf	  toilets…

SONOMA	  COUNTY	  WATER COMBINED
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1 About This Guide 

This document is divided into the following chapters: 

• Chapter 1, “About This Guide” describes the intended audience and terminology used for 

this guide. 

• Chapter 2, “Introducing the Tracking Tool” gives an overview of the purpose and key 

features of the tool, and describes software and hardware requirements for using it. 

• Chapter 3, “Installing and Opening the Tracking Tool” explains how to install, open, and 

navigate through the tool. 

• Chapter 4, “Data Entry Worksheets” explains how to enter information about your utility’s 

service area, develop a baseline demand forecast, and set up conservation activities. 

• Chapter 5, “Model Results Worksheets” describes the models outputs, including water 

savings forecasts, analysis of costs and benefits, and revenue, rate, and bill impacts. 

• Chapter 6, “Special Worksheets and Macros” provides information on special worksheets 

and behind the scenes code used by the tool to store information, calculate results, and 

drive the user interface. 

• Chapter 7, “Examples and Illustrations” provides a variety of examples of different ways 

in which the tool can be used to analyze conservation activities. 

• Chapter 8, “Error Handling and Troubleshooting” explains what to do if the tool behaves 

unexpectedly. 

• Appendix A, “Code-Driven Water Savings Estimation” provides technical information on 

how the tool calculates water savings due to plumbing/energy codes for toilets, 

showerheads, clothes washers, and dishwashers. 

• Appendix B, “Present Value and Unit Cost/Benefit Calculations” provides technical 

information on how the tool converts future cash flows and economic values to present 

value, and how it calculates unit costs and unit benefits of saved water. 
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• Appendix C, “Utility Revenue Requirement, Rate, and Bill Impacts” provides technical 

information on how the tool estimates average impacts to utility revenue requirements, 

rates, and customer bills. 

• Appendix D, “Landscape Irrigation Program Savings” describes how the model 

calculates water savings for residential and large landscape programs included with the 

model’s library of conservation activities. 

• Appendix E, “Water Loss Reduction Comparisons” provides technical information on how 

the tool estimates water savings potential and unit costs of typical water loss reduction 

programs for comparison to the water savings and unit costs of programs you define 

using the model. 

• Appendix F, “Conservation Activity Library” describes the specification of each 

conservation activity in the tool’s library. 

1.1 Who Should Use It 

This guide is intended for users with different degrees of knowledge and experience with AWE’s 

Water Conservation Tracking Tool.  The guide provides first-time users an overview of the 

purpose and uses of the Water Conservation Tracking Tool, describes system and software 

requirements, and explains how to set up and use the tool to evaluate water savings, costs, and 

benefits of water conservation program activity.  More experienced users will find the guide a 

useful reference document for using the Water Conservation Tracking Tool.  This guide 

assumes that you have basic knowledge of the Windows operating system and Excel. 
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1.2 User Guide Terminology  

 

Excel Terminology 

This guide uses the following Excel terminology: 

Workbook – a workbook is an Excel file containing a collection of worksheets, chart sheets, and 

possibly macros. 

Worksheet – a worksheet is a spreadsheet inside an Excel workbook file.  A workbook can 

contain multiple worksheets. 

Worksheet Cell – worksheet cells are where data and formulas are stored on worksheets.  

Each cell on a worksheet has a unique address given by its row and column number.  For 

example, a cell at the intersection of column B and row 5 has the cell address B5. 

Cell Range – a cell range is a collection of worksheet cells.  Cell ranges are usually, but not 

always, contiguous.  

Worksheet Formula – a worksheet formula is a formula entered in one or more cells.  A formula 

entered into multiple cells is called an array formula.  Worksheet formulas use cells and cell 

ranges as their arguments. 

Excel Chart – an Excel chart is a graph based on data stored in worksheet cell ranges.  An 

Excel chart can reside on its own sheet or be embedded as a chart object on a worksheet.  All of 

the charts in the Water Conservation Tracking Tool are embedded on worksheets. 

Excel Macro – an Excel macro is a set of programming instructions that tell Excel to perform 

specific actions or tasks when the macro is executed. 

Visual Basic for Applications – Excel macros use the programming language Visual Basic for 

Applications. 

Visual Basic Editor – The Visual Basic Editor is used to create and edit macros in Excel.  The 

Visual Basic Editor is part of the Excel application. 

 

Tracking Tool Terminology 

This guide may use any of the following terms when referring to the Water Conservation 

Tracking Tool:  tracking tool, tool, model, or application. 
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Water Savings Terminology 

This guide uses the following terminology for differentiating between water savings due 

plumbing/energy codes versus water savings due to utility conservation programs: 

Active Water Savings – this is the share of physical (or gross) water savings that directly 

results from conservation program implementation.  It is equal to gross water savings minus 

water savings that would have been realized anyway because of code requirements or because 

of program freeriders.  A program freerider is a participant that would have taken the same water 

conserving action in the same timeframe had the program not existed. 

Passive Water Savings – this is the share of physical (or gross) water savings that results from 

(1) plumbing/energy codes interacting with the natural replacement of toilets, showerheads, and 

other water using appliances whose current or future minimum efficiency is dictated by national, 

state, or local code requirements, plus (2) water savings from program freeriders. 
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2 Introducing the Tracking Tool 

2.1 Purpose 

The Water Conservation Tracking Tool is an Excel-based spreadsheet tool for evaluating the 

water savings, costs, and benefits of urban water conservation programs.  In addition to 

providing users a standardized methodology for water savings and benefit-cost accounting, the 

tool includes a library of pre-defined, fully parameterized conservation activities from which users 

can construct conservation programs.  Water managers can use the tool in a variety of ways to 

aid their water resource planning and operations.  For example: 

• The tool can be used to quickly compare alternative conservation measures in terms of 

their water savings potential, impact on system costs, and potential benefits to utility 

customers.  

• The tool can be used in the development of long-range conservation plans.  It can be 

used to construct conservation portfolios containing up to 50 separate conservation 

program activities. 

• The tool can be used as an accounting system for tracking the implementation, water 

savings, costs, and benefits of actual conservation activities over time. 

Note:  It was the Alliance’s intention to provide a tool that utilities could adapt to a wide   
variety of user situations, regardless of geographic location, water system size, or 
extent of previous conservation program experience.  To meet this objective, the tool 
provides a generic framework for characterizing water system demands and costs, 
and for specifying the attributes of water conservation activities.  This generic 
framework utilizes several key assumptions and simplifications, to be discussed in 
later sections of the guide, which users need to keep in mind when using the tool. 

2.2 Key Features 

The following is a listing of some of the key features of the Water Conservation Tracking Tool: 
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• Multiple Analysis Perspectives – The tool evaluates conservation program costs and 

benefits from three perspectives: (1) the utility’s, (2) the program participant’s, and (3) 

society’s.  Each perspective provides insight into a key aspect of conservation program 

planning and evaluation. 

• Flexible Modeling of Water Savings – Water savings for an activity can be modeled as 

having a fixed life or as persisting indefinitely.  A conservation activity’s savings profile 

can include a decay process or it can be modeled as constant.  Savings from 

conservation activities that interact with existing plumbing/energy codes, such as toilet, 

showerhead, and clothes washer replacement/rebate programs, can be disaggregated 

into program-related and code-related savings components. 

• Conservation Activity Library – The tool includes a library of pre-defined, fully 

parameterized conservation activities that users can import into the model.  At their 

option, users can use these activities as is or customize them to better match their 

service area conditions and program characteristics. 

• Water Savings Disaggregation – The tool disaggregates water savings three different 

ways: (1) by water user classification, (2) between system peak and off-peak periods, 

and (3) between program-related and code-related water savings. The tool has built-in 

capability to estimate service area water savings due to national toilet, showerhead, 

clothes washer, and dishwasher water efficiency code requirements. 

• Demand Forecasting – The tool can modify a baseline water demand forecast to 

account for both program-related and code-related water savings over time.  The tool 

can also generate a simple baseline demand forecast if the user does not have one. 

• Avoided Cost Analysis – Users have the option to use their own forecasts of system 

avoidable costs or they can use the tool’s avoided cost calculator to estimate avoidable 

system operating and capital costs due to conservation water savings. 

• Minimal Data Requirement – Every effort has been made to minimize the tool’s data 

requirement so that users are not overburdened with data collection and input tasks. 

• Data Entry Assistance – The tool includes custom data entry forms and dialogs to help 

users define or edit conservation activities, import conservation activities from the tool’s 

library, and save and retrieve scenarios.  Data input cells are color coded to make them 
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easy to spot.  A brief message explaining why the tool needs the requested information 

appears whenever a data entry cell is activated by the user. 

• Charting & Reporting Capability – The tool includes dynamic charts and tables that 

automatically adjust to user settings and conservation program specifications.  Charts 

are embedded within worksheets, but also can be displayed in their own windows with a 

click of a button (this feature is not available if you are using Excel 2007).  Charts and 

reports can be easily copied into other documents for report generation. 

• Scenario Management – Users can easily save scenarios and retrieve them for later 

use.  This makes it easy to see how different program mixes or assumptions about water 

savings or program costs impact the overall results. 

• Open Source – Users can examine the tool’s internal logic.  Users can customize or 

extend the capabilities of the tool to meet their specific planning needs.  Visual basic 

code used by the tool is extensively commented to make it easy to follow. 

2.3 Hardware and Software Requirements 

The Water Conservation Tracking Tool is an Excel spreadsheet application.  The following are 

required in order to run the tool: 

• A computer running Windows, preferably one with a fast processor and ample memory. 

• A copy of Excel 2002 or later version.  The tool has not been tested on versions of Excel 

earlier than Excel 2002 or later than Excel 2007 and may not be fully compatible with 

them.  Visual Basic limitations and incompatibilities between Windows and Mac-based 

versions of Excel unfortunately also mean that the Water Conservation Tracking Tool is 

not compatible with any Mac-based versions of Excel. 

Note:  While the Tracking Tool cannot be run on Mac versions of Excel, there are two   
ways to use the Tracking Tool on a Mac.  The first is to install Windows emulation       
software, such as Virtual PC or Parallels Desktop for Mac, which allows you to    
emulate Windows on your Mac and run Windows-supported software (such as      
Office for Windows).  Alternatively, if you have a Mac with an Intel processor, you 
can use Apple's free Bootcamp software to directly install Windows XP or Vista on 
your Mac and run them at native speeds.  This second approach requires that you 
have a copy of Windows XP or Vista that can be installed on your Mac.  For more  
information on emulators do an Internet search using the phrase “windows emulator 
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for Mac."  For more information about Apple's Bootcamp software, visit 
www.apple.com/macosx/what-is-macosx/compatibility.html.  

2.4 Using the Tool with Excel 2007 

Because of changes between Excel 2007 and previous versions of Excel, particularly with 

respect to Excel’s object model for charts and its execution of Visual Basic code, the tool may 

run more slowly in Excel 2007 than in Excel 2002 or 2003. 

If you are using the tool in Excel 2007, please note the following: 

• Minimizing Excel’s Ribbon or running in Full Screen mode will increase the amount of 

screen available for the tool. 

• Buttons to display embedded charts in their own windows that appear in Excel 2002 or 

2003 will not appear in 2007.  Excel 2007 does not have this functionality. 

• The tool may run more slowly in Excel 2007 than in Excel 2002/03.  Whether this is 

noticeable depends on the speed of your computer processor and the amount of 

installed physical memory. 

WARNING: The tool has not yet been extensively tested in the .xlsx format.  If you choose to convert 

the file to the .xlsx format, make sure you select the macros-enabled option. 

2.5 Tracking Tool Editions 

Currently there are three North American editions of the tracking tool: (1) the Standard North 

American Edition, (2) the CalTex Edition, and (3) the Georgia Edition.  The three editions differ 

only in terms of their calculation of water savings from plumbing codes for toilets and urinals.  

The Standard North American Edition calculates plumbing code savings based on national 

standards for ULF toilets.  The CalTex Edition takes account that ULFT requirements in 

California and Texas began two years earlier than for the rest of the U.S. (1992 rather than 

1994), and also the transition to HET toilets beginning in 2014.  The Georgia Edition reflects the 

recent changes to that state’s efficiency codes for toilets and urinals.  Other than these 

differences, the three editions are identical. 
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3 Installing and Opening the Tracking Tool 

This chapter describes how to install the Water Conservation Tracking Tool and what to expect 

when you open it for the first time.  It also introduces the tool’s Navigation Worksheet. 

3.1 Installing, Saving, and Backing Up the Tracking Tool 

After you have copied the workbook file to your computer’s hard disk you can store it in any 

directory you like.  The Water Conservation Tracking Tool is simply a large Excel workbook file.  

You can treat it as you would any other Excel workbook file on your hard disk. 

It is strongly recommended that you frequently save the file when you have it open and are 

working in it.  Additionally, users are strongly encouraged to make regular external backups of 

their workbook files so they will be protected should something happen to the computer on which 

the primary file is stored. 

Note:  You can set Excel to periodically save a temporary copy of the file you are working 
on.  Consult your Excel user guide on how to adjust Excel’s auto recover settings. 

Note:  It is always a good habit to make a backup of your workbook file prior to making  
significant changes to it.  You can always revert to this backup should something 
happen to the file while you are working on it. 

3.2 Excel Macro and Active X Settings 

The tracking tool will not function unless Excel’s macro and Active X settings are enabled. 

 

In Excel 2002/03, select Options under the Tool menu and then select the Security tab.  Click 

the Macro Security button and then set the Macro Security Level to Medium or Low. 

 

In Excel 2007, click the Office Button (located in the top left of the screen) and then click the 

Excel Options button.  Click Trust Center on the left side of the dialog box then click the Trust 

Center Settings… button.  Click Macro Settings and select the “Disable all macros with 

notification” radio button.  Next click Active X Settings and select the “Prompt me before 

enabling all controls with minimal restrictions” radio button. 
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3.3 Opening the Tracking Tool 

When you open the Water Conservation Tracking Tool Excel may warn you that the file you are 

opening contains macros and Active X content and prompt you to enable this functionality.  You 

must enable this functionality for the tracking tool to work correctly. 

WARNING: The Water Conservation Tracking Tool makes extensive use of Visual Basic macros and 

Active X controls to operate.  Excel’s macro and Active X security levels must be set to 

medium or low in order to run this application.  Section 3.2 of this User Guide describes 

the necessary Excel settings.  Consult the Excel user guide for more information on   

setting Excel’s macro and Active X security levels. 

3.4 The Navigation Worksheet 

Opening the tracking tool activates the navigation worksheet.  This is the first worksheet in the 

workbook.  It looks like the screen shown in Figure 3-1.  Clicking on any of the boxes in the tool’s 

schematic will take you to the indicated worksheet.  Each of these worksheets has a navigation 

link that will take you back to the navigation worksheet. 

Note:  There are two basic ways to navigate between worksheets.  One way is to use the 
navigation links between the navigation worksheet and the tool’s other worksheets.  
The other way is to use the worksheet tabs at the bottom of the workbook window. 

The schematic on the navigation worksheet provides a general picture of how the tool is 

organized.  There are five data input worksheets and six model output worksheets.  There are 

two data storage worksheets – one for storing scenarios and one for user lists and other user 

state variables.  The library worksheet is connected to the data input worksheet that you use to 

define conservation activities. 

WARNING: Worksheets are protected to prevent changes to them that could cause the tool to stop 

working correctly.  Users can unprotect these worksheets at their option, but doing so  

increases the likelihood that data or formulas in them are accidentally changed or 

erased. 
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Figure 3-1. The Navigation Worksheet 

3.5 Using Your Saved Scenarios in Version 1.2 

If you have saved scenarios from a Version 1.1 model file, you can import them for use in 

Version 1.2.  To import your saved scenarios, open Version 1.2 and go to the Common 

Assumptions worksheet.  Click the “Manage Scenarios” button.  Click the button “Import 

Scenarios from Version 1.1” at the bottom of the form.  You will be prompted to select the 

Version 1.1 file from which you want to import scenarios.  Select the file with the scenarios in it 

and click the “Open” button.  If the selected file is valid, the scenarios will be imported and a 

dialog will appear indicating the scenarios were imported successfully. 
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Note:  Due to differences in the calculation of future capacity requirements between Ver-
sion 1.1 and Version 1.2, you must set the current peak capacity on the worksheet 
“3. Enter Utility Avoided Costs” before you can import Version 1.1 scenarios.  If peak 
system capacity has not been set, the model will prompt you to do so. 
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4 Data Entry Worksheets 

This chapter describes how to enter data into the five data entry worksheets and use the 

Conservation Activity Library.  It walks through each of the tool’s data input worksheets just as a 

user setting up an analysis for the first time would do.  It then describes how to create and 

manage scenarios of conservation activity. 

4.1 Getting Started With Data Entry 

Creating a conservation analysis involves two basic data entry tasks: 

• Entering information about your service area, customers, demands, and system costs.  

This is done on the following input worksheets: 

1. Common Assumptions 

2. Specify Demands 

3. Enter Utility Avoided Costs 

• Defining water conservation activities and entering annual activity amounts.  This is done 

on the following input worksheets: 

4. Define Conservation Activities 

5. Enter Annual Activity 

The first data entry task only needs to be done once.  When it is done you can use it to evaluate 

as many conservation program scenarios as you like. 

Note:  All the other data entry worksheets rely on information you enter on the Common 
Assumptions worksheet.  Complete the Common Assumptions worksheet before 
working in the other data entry worksheets. 
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Worksheet cells where you enter data are color coded for easy identification. 

They look as follows: 

Enter data in worksheet cells only if they have this color coding. 

Worksheet cells containing formulas are also color coded for easy identification.  

They look as follows:              23,738   
 
Do not modify cells with this color coding.  Doing so will cause the tool to stop working correctly. 

4.2 Common Assumptions Worksheet 

The Common Assumptions worksheet without any data in it looks like the screen shown in 

Figure 4-1.  An explanation of each of the data entry fields follows: 

Analysis Start Year – This is the first year of the analysis.  It can be any year after 1990.  The 

tool will project water savings forward 60 years from the beginning of the Analysis Start Year.  

Thus, if you set the Analysis Start Year to 2008, the tool will project water savings for the period 

2008 through 2067. 

Service Area Population – Enter actual or estimated service area population for the five years 

shown.  The first year will always be the Analysis Start Year.  The other four years for which 

population is requested are a function of the Analysis Start Year. 

Service Area Population in 1990 – Enter actual or estimated service area population in 1990.  

The tool uses this to estimate the commercial stock of low efficiency toilets in your service area.  

Appendix A describes how the tool does this estimation.  If you do not have service area 

population for 1990 it can be estimated using population data from the 1990 Census.  If your 

service area has been mapped to Census blocks or tracts then this simply requires summing the 

1990 population estimates for these blocks or tracts.  If your service area has not been mapped, 

you can estimate your 1990 population by taking the ratio of current population to current 

residential connections and multiplying it by the number of residential connections in 1990. 

Peak Season Start and End Dates – These dates set the first and last months of your peak 

demand season.  Typically the first month would be in late spring or early summer and the last 

month would be in late summer or early fall. 

Nominal Interest Rate and Inflation Rate – The nominal interest rate is the current interest rate 

your utility pays to borrow money for long-term capital improvement projects.  The tool uses this 

rate along with the assumed inflation rate to convert future costs and benefits of conservation 

xx,xxx
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activity to their present values.  Appendix B describes how the tool discounts future cash/value 

flows.  Your utility’s planning or finance department may have standard interest and inflation rate 

assumptions it uses for project planning.  If so, use those rates. 

 

Figure 4-1. Empty Common Assumptions Worksheet 

Persons Per Household – Enter the estimated number of persons per household for single-

family detached residences and multi-family residences.  The tool uses these estimates to 

calculate ULF and HE toilet water savings for your service area.  Appendix A describes how the 

tool calculates ULF and HE toilet water savings. 

Full and Half Bathrooms Per Household – The tool uses this information to estimate the 

residential stock of low efficiency toilets and showerheads in your service area.  Appendix A 

describes how the tool does this.  You can obtain a reasonable estimate of the average number 

of full and half bathrooms for single and multi-family residential structures from the American 

Housing Survey.  Select a metropolitan area included in the survey that is near your service 

area, or use the nationwide estimates.  Chapter 7 provides an example showing how to 

construct an estimate with the American Housing Survey data. 

Housing Units Built Before 1991 – Enter the number of single- and multi-family housing units 

built in your service area prior to 1991.  You can use Census housing data to do this.  Chapter 7 

provides an example. 
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Reference ET (inches/yr) – Enter the reference evapotranspiration for tall grass (e.g. blue 

fescue) for your service area.  The model uses this information to scale the unit water savings 

for landscape activities includes in the model library to reflect local climate.  Details are provided 

in Appendix D. 

Avg. Annual Rainfall (inches/yr) – Enter the average annual precipitation for your service area.  

The model uses this information to scale the unit water savings for landscape activities includes 

in the model library to reflect local climate. Details are provided in Appendix D. 

Select Region – Use the drop-down list to select the region in which you reside.  This causes 

the model to adjust the water savings estimates included in the library to better reflect your 

regional climate and landscape irrigation requirements.  Clicking on the buttons to the right of the 

drop-down list will display maps of the U.S. and Canadian regions included in the model.  Details 

are provided in Appendix D. 

Volume Units – Use the radio buttons to select the water volume units for your analysis.  Your 

choices for volume units are million gallons (MG), acre-feet (AF), or million cubic meters (MCM).  

If you select MG or AF, capacity units will be million gallons per day (MGD).  Otherwise, capacity 

units will be cubic meters per day (M^3/D). 

Note:  You can easily switch between volume units.  When you change the volume units 
selection, the tracking tool will automatically convert all volume quantities into the 
new units.  This allows you to easily convert your model from english to metric units 
and vice versa. 

Select Water User Classes -- Click on the button “Select Water User Classes” to set the 

customer classes for the analysis.  This will display the form shown in Figure 4-2.  Select classes 

from the list on the left side of the form that match as closely as possible the way you categorize 

customer accounts. 

Note:  Use the up, down, and delete buttons on the right side of the form to manage the 
composition and order of your selected water user classes. 
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Figure 4-2. Water User Class Selection 

Note:  If you select the “Other” class, the model will ask if you want to customize the name.  
This allows you to specify custom classes. 

 

WARNING: The model will calculate residential water savings from national/state plumbing codes 

only if you have selected the Single/Multi Family classes or the Residential class.  If you 

have not selected one of these residential classes the model will warn you that residen-

tial water savings from plumbing codes will not be calculated. 

WARNING: The model will calculate non-residential water savings from national/state plumbing 

codes only if you have selected the Commercial/Industrial/Institutional classes or the CII 

class.  If you have not selected one of these non-residential classes the model will warn 

you that non-residential water savings from plumbing codes will not be calculated. 

WARNING: Certain customer classes are mutually exclusive.  You cannot select the Residential 

class if you have already selected Single Family or Multi Family and vice versa.  Simi-

larly, you cannot select the CII class if you have already selected Commercial, Industrial, 

or Institutional, and vice versa. 

WARNING: If you delete a customer class from the model that you have previously associated with a 

defined conservation activity, upon closing the Select Customer Classes form you will be 

warned that one or more conservation activities is associated with a non-existent       

customer class.  You will be redirected to the Define Conservation Activities form where 
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you can re-associate the conservation activity(s) to an existing customer class or delete 

the conservation activity(s). 

Utility Rates – The water user classes you selected will appear in the table “Enter Customer 

Utility Rates.”  In this table you enter the average rates paid for water, sewer, gas, and electricity 

paid by each customer class you selected.   After you have entered average rates, enter the 

expected annual rate of increase in rates over the forecast period.  These escalation rates can 

be less than, equal to, or greater than the assumed inflation rate.  The tool uses the information 

in this table to calculate program participant benefits of saving water. 

Note:  In situations where utility rates are not uniform (e.g. rates are block or seasonal),  
estimate the average rate paid by a typical customer. 

Figure 4-3 shows how a completed Common Assumptions worksheet will appear. 

 

Figure 4-3. Completed Common Assumptions Worksheet 
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4.3 Specify Demands Worksheet 

The Specify Demands worksheet will look like Figure 4-4 when you first set up your analysis.  

You use this worksheet to (1) specify the baseline demand forecast, and (2) assign water user 

class demand shares.  You can also use this worksheet to adjust your baseline demand forecast 

to account for the impact of plumbing/energy code requirements on future water demands, if it 

does not already do so. 

Specifying the Baseline Demand Forecast 

There are two ways to specify the Baseline Demand Forecast.  You can enter it manually, for 

example by pasting in a forecast your utility has already developed, or you can have the Water 

Conservation Tracking Tool create one for you.  Click the radio button at the top of the 

worksheet that corresponds to the method you want to use. 

• Grow Demands with Population -- If you have the tool create the forecast for you it will 

display a dialog asking you to enter your peak- and off-peak season demands for the 

Analysis Start Year.  The tool will then grow these demands using population growth 

rates derived from the population forecast you entered on the Common Assumptions 

worksheet. 

• Enter Demands Manually -- If you enter the baseline demand forecast manually, use 

the check box at the top of the worksheet to indicate whether you have adjusted future 

demands to account for the impact of plumbing/energy code requirements on future 

fixture water use efficiency.  If you have, check the box.  If you have not, keep the box 

unchecked.  If you leave the box unchecked, the tool will adjust your baseline demand 

forecast to account for plumbing/energy code impacts.  Appendix A describes how the 

tool does this. 

Note:  Enter your demands in terms of average daily demand for the peak and off peak 
seasons.  The tool will convert these demands to annual delivery volumes in the next 
table. 
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Figure 4-4. The Specify Demands Worksheet 

 

Assigning Class Demand Shares 

Use the table Customer Demand Shares to indicate each class’s percentage share of annual 

demand in the Analysis Start Year.  You can set these percentages two ways.  Either you can 

directly enter the percentages into the “Share (%)” column or you can enter the quantities used 

by each class in the “Demand” column and the model will use this information to calculate the 

percentages.  Use the radio button at the top of the table to select which method you want to 

use. 

Note:  The last class in the Water Class Demand Shares table will always be “Water 
Losses.”  Use this class to specify system water losses as a percentage of system 
input volume. 

WARNING: Class demand shares must sum to 100%.  The tool will produce incorrect results if this is 

not the case.  A warning will appear below the Customer Class Demand Shares table if 

shares do not sum to 100%.  Also note the tool adopts the simplifying assumption that 

class demand shares do not change with time. 

Customer Class Demand Projection Adjusted for Plumbing/Energy Code 

If you leave the check box Demand Projection Accounts for Plumbing Code unchecked, the tool 

will adjust your baseline demand forecast for plumbing/energy code impacts.  The adjusted 
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customer class demands are shown in the table Customer Class Demand Projection Adjusted 

for Plumbing Code, as shown in Figure 4-5.  If you check the box, no adjustments to the 

baseline forecast will be made, and this table will not be displayed. 

Charts on the Specify Demands Worksheet 

Below the tables, your demand forecast is depicted graphically in charts, as, as shown in Figure 

4-5.  Use the drop-down list to select the chart you want to view.  For an explanation of each 

chart option, click the Chart Explanation button to the right of the drop-down list. 

Note:  The number of charts listed in the Select Chart to Display list depends on whether 
your baseline forecast accounts for plumbing/energy code impacts.  If it does, the list 
will include two charts – (1) annual peak and off peak season demand and             
(2) annual customer class demands.  If it does not, the list will include four charts -- 
the two previous charts plus (3) a chart showing how your baseline annual demands 
were adjusted for plumbing/energy code impacts and (4) a chart showing your cus-
tomer class annual demands adjusted for plumbing/energy code impacts. 
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Figure 4-5. Specify Demands Chart Displays
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4.4 Enter Utility Avoided Costs Worksheet 

The Enter Utility Avoided Costs worksheet is where you provide information on your water 

system’s operating and capital costs which would be avoided by reducing customer demands.  

You can also use this worksheet to enter environmental benefit values of water conservation, as 

will be described at the end of this section. 

There are two ways you can use this worksheet to enter system cost information: (1) you can 

manually enter an avoided cost forecast you have already developed or (2) you can use the 

tool’s simple avoided cost calculator to estimate avoided operating and capital costs.  Use the 

radio buttons at the top of the worksheet to select the option you want to use.  Figure 4-6 shows 

how the worksheet will display if you decide to manually enter your avoided cost forecast. Figure 

4-7 shows how the worksheet will display if you decide to use the tool’s simple avoided cost 

calculator. 

 

Figure 4-6. Utility Avoided Cost Worksheet Display When User Manually Enters 
Avoided Costs 

 

Note:  Use the radio buttons at the top of the worksheet to select the option you want to use 
to enter water system cost information. 
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Figure 4-7. Utility Avoided Cost Worksheet Display When Using the Simple Avoided 
Cost Calculator 

Manually Entering Utility Avoided Costs 

Manually entering utility avoided costs is much the same as manually entering the baseline 

demand forecast.  You key or paste in a previously developed avoided cost forecast into the 

User Entered Utility Avoided Cost of Water Supply table. 

Note:  If you manually enter your avoided cost forecast you need to tell the tool whether the 
forecast includes avoided wastewater costs.  If it does, check the box above the    
table. 

Note:  You can download a separate spreadsheet model for estimating avoided costs of 
water conservation from the California Urban Water Conservation Council.  This 
model is much more advanced than the simple avoided cost calculator included in 
the Water Conservation Tracking Tool.  There is a link to the model and its user 
guide at the top of the worksheet. 

 

Using the Simple Avoided Cost Calculator 

The Water Conservation Tracking Tool’s simple avoided cost calculator consists of four data 

entry tables: (1) a table for entering variable O&M for supplying water, (2) a table for entering 

variable O&M for treating wastewater, (3) a table for entering the year in which system capacity 
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would need to be expanded and by how much to accommodate future peak season demands, 

and (4) a table for entering the incremental cost of new system capacity. 

• Water Supply Variable O&M – Use this table to enter energy, chemical, and any other 

costs that vary with the quantity of water delivered to your customers.  Enter these costs 

per unit of volume delivered (e.g. per MG, AF, or M^3).  Use the second column in the 

table to indicate the expected annual rate of increase in the costs you have entered.  

These rates may be less than, equal to, or greater than the inflation rate you entered on 

the Common Assumptions worksheet. 

• Wastewater Variable O&M – Use this table to enter energy, chemical, and any other 

costs that vary with the quantity of wastewater your utility treats.  As with water supply 

variable costs, enter these costs per unit of volume treated (e.g. per MG, AF, or M^3). 

Use the second column in the table to indicate the expected annual rate of increase in 

the costs you have entered.  These rates may be less than, equal to, or greater than the 

inflation rate you entered on the Common Assumptions worksheet. 

Note:  You can leave the Wastewater Variable O&M table blank if your utility is not          
responsible for wastewater treatment. 

• New System Capacity Requirement -- Use this table to enter or calculate the future 

capacity requirement for your system.  After you enter your current peak capacity, you 

can use the check box to the right of the table to have the model calculate the capacity 

increment for you.  If you check this box, the model will set the capacity increment by 

taking the difference between current system peak capacity and the peak capacity 

needed to meet demands 20 years from the year in which current system capacity 

equals peak period demand (or the end of the forecast period, whichever is less).  If you 

leave the box unchecked, you must manually enter the capacity increment. 

• Unit Cost of New Capacity – Use this table to enter the expected cost of adding 

capacity to deliver one more unit of potable water.  Typically, this might include the cost 

of new source supply, transmission and distribution lines, and treatment and storage 

capacity.  The table will show the amount and the year in which you expect to add more 

system capacity if you entered this information on the Specify Demands worksheet. 
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WARNING: If you are using the tool’s simple avoided cost calculator, and you want the tool to      

estimate avoided capacity cost benefits of conservation water savings, you must     

complete the New System Capacity and Unit Cost of New Capacity tables. 

Appendix B explains how the Water Conservation Tracking Tool uses the avoided cost 

information entered on this worksheet to estimate utility benefits of water conservation. 

Entering Other Utility Benefits 

You can enter other utility benefits (e.g. environmental benefits of saved water) using the Enter 

Other Utility Benefits of Reduced Demands table on this worksheet.  Leave this table blank if you 

have fully captured the utility benefits of saved water in the previous tables. 

Note:  You can download a separate spreadsheet model for estimating environmental 
benefits of water conservation from the California Urban Water Conservation   
Council.  Consult the model’s documentation for guidance on using the model and 
potential applications.  There is a link to the model and its user guide at the top of 
the worksheet. 

There are two main ways in which you can use environmental benefits information with the 

Water Conservation Tracking Tool. 

• Environmental Benefit Estimates Are Available -- The first way is when you already 

have estimated unit environmental values of conserved water.  In this case, simply enter 

this information into the table and the tool will include these benefits in its calculation of 

conservation program net present value. 

• Environmental Benefit Estimates Are Not Available -- The second way is when you 

do not already have estimated unit environmental values of conserved water.  In this 

case, when the costs of a conservation measure are greater than its defined benefits, 

you can use the table to determine what additional benefits from the measures would 

need to be in order to make the measure economically justified.  An example of how to 

do this is given in Chapter 7. 

4.5 Define Activities Worksheet 

The Define Activities Worksheet is where you define conservation activities.  You can define up 

to 50 separate conservation activities in a single portfolio.  When you activate the Define 
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Activities worksheet, the Define Conservation Activities form will display, as shown in Figure 4-8.  

You use the Define Conservation Activities form to: 

• Import pre-defined activities from the library, or 

• Define new conservation activities 

Note:  You can customize the activities you import from the library to better match your   
local conditions. 

 

 

Figure 4-8. The Define Conservation Activities Worksheet 

 

Defining a Conservation Activity 
A conservation activity definition consists of up to 23 parameters.  However, a definition does not 

require that every parameter is used.  Simple specifications may use only a few parameters; 

more complex specifications may use most or all of them.  Activity parameters are organized by 

tabs on the form.  There are five different tabs on the form – (1) Unit Water Savings, (2) Utility 

Costs, (3) Participant Costs, (4) Participant Non Water Benefits, and (5) Plumbing Code.  In 
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addition to setting an activity’s parameters, you must give it a name and assign it to a customer 

class. 

Activity Name: The activity name can be any string of letters and numbers.  The activity name 

should describe the activity you are defining.  For example, a high-efficiency toilet replacement 

program for single family households might be called “HE Replacement, SF.”  Keep the names 

short but descriptive. 

Note:  Your activity names should be unique.  While this is not a strict requirement of the 
tool, it will help you avoid confusion when reviewing results. 

Affected Customer Class:  Use the drop down list to associate the conservation activity with 

one of the customer classes you defined on the Common Assumptions worksheet. 

WARNING: You will not be able to navigate to other activities using the Next and Previous buttons  

or close the form until you have assigned a valid customer class to the activity or deleted 

the activity. 

WARNING: If you assign a customer class to one or more conservation activities and then later    

delete that customer class from the model, you will need to either (1) delete associated 

conservation activities, or (2) re-assign them to an existing customer class. 

The Unit Water Savings Tab 

There are five parameter settings on the Unit Water Savings Tab (see Figure 3-8).  They are: 

Unit Water Savings (English units: gal/yr; Metric Units: cubic meters/yr):  Use this 

parameter to set the initial unit water savings of the activity in gallons per year.  Unit water 

savings is the amount of water saved over the course of one year by one unit of activity.  For 

example, if the activity is a home survey, the unit water savings would be the average amount of 

water saved over one year from doing one survey. 

Note:  If savings decay over time, set the unit water savings to the first year’s savings. 

 

Annual Rate of Savings Decay (%/Yr):  Use this parameter if unit savings decay over time.  

For example, studies have found that water savings from household surveys are prone to decay 

as residents revert to previous water using habits or let water conserving equipment fall into 

disrepair.  If unit savings are constant over time, leave this parameter blank or set it to zero. 
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Peak Period Savings (% of Annual):  Set this parameter to the percentage of annual water 

savings from the activity realized during the peak season.  Some activities, such as replacing 

toilets, are expected to have savings uniformly distributed between peak and off peak seasons.  

Other activities, such as landscape conservation, are expected to have most of their savings 

realized during the peak season. 

Note:  For your reference, the form will display to the right of this field the percent of days in 
a year that fall within the peak season you defined on the Common Assumptions 
worksheet. 

Useful Life (Years): Use this parameter to set the useful life of savings from the activity.  Leave 

the parameter blank or set it to zero if savings from the activity has an indefinite useful life.  For 

example, if the activity replaces an old toilet with a ULFT it is reasonable to assume all future 

toilets at this site will also be at least ULFT.  Hence, the savings from this action would persist 

indefinitely and the parameter should be left blank.  If, on the other hand, savings from the 

activity is not expected to persist, this parameter should be a positive number.  For example, if 

the activity installs a piece of water saving equipment that could be replaced with a less efficient 

piece of equipment once it wears out, savings should be assumed to persist only for the useful 

life of the efficient piece of equipment. 

Participant Freeriders (% of Participants): This is the percent of customers participating in the 

program that would have undertaken the same activity even if the program didn’t exist.  The tool 

counts water savings from freeriders as passive rather than active (or program-driven).  This 

parameter can be left blank if the activity is not expected to attract freeriders. 

The Utility Costs Tab 

There are six parameter settings on the Utility Costs Tab (see Figure 4-9).  They are: 

Year in which Utility Costs are Denominated: Enter the year for which program costs are 

denominated.  For example, if activity costs were estimated in 2004 and have not been updated 

to current dollars you would enter 2004.  The tool uses this information to update the costs to the 

current year. 

Note:  Different activities can have their costs denominated in different years.  The tool will 
update all activity costs to the current year. 
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Figure 4-9. The Utility Costs Tab 

 

Initial Utility Costs: Fixed Setup Costs ($):  Enter any fixed costs that have been or will be 

incurred to implement the activity.  Fixed costs are costs that do not depend on the amount of 

activity undertaken. 

Initial Utility Costs: Cost Per Participant ($/Participant):  Enter the cost per participant to 

implement the activity.  This is the variable cost incurred per unit of activity. 

Follow-on Utility Costs: Number of Years of Follow-on Utility Costs:  Some activities may 

have follow-on costs.  For example, a survey program that includes one or more follow-up visits 

to the survey site.  Use this parameter to set the number of years that follow-on costs will be 

incurred for an activity.  If no follow-on costs are expected, leave it blank or set it to zero. 

Follow-on Utility Costs: Annual Follow-on Fixed Costs ($/Yr):  Use this parameter to set 

fixed follow-on costs.  If the activity does not have any fixed follow-on costs, leave it blank or set 

it to zero. 

Follow-on Utility Costs: Annual Follow-on Variable Costs ($/Participant/Yr):  Use this 

parameter to set variable follow-on costs.  If the activity does not have any variable follow-on 

costs, leave it blank or set it to zero. 
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The Participant Costs Tab 

There are four parameter settings on the Participant Costs Tab (see Figure 4-10).  They are: 

Year in which Participant Costs are Denominated: Enter the year for which participant costs 

are denominated.  For example, if participant costs were estimated in 2004 and have not been 

updated to current dollars you would enter 2004. 

Initial Cost Per Participant ($): Enter the average outlay per participant in the year in which 

they participate in the program.  For example, in a toilet rebate program the participant may pay 

for a portion of the new toilet as well as the cost of installation.  In this case, you would enter the 

average outlay expected.  Leave this parameter blank if there are no initial participant costs 

associated with the activity. 

Number of Years of Participant Follow-on Costs:  Some activities may have participant 

follow-on costs.  For example, some weather-based irrigation controllers require monthly or 

annual subscription fees.  Use this parameter to enter the number of years for which the average 

participant would incur costs by participating in the activity. 

Annual Follow-on Participant Costs ($/Participant/Yr):  Use this parameter to set the level of 

annual follow-on costs.  Leave it blank if there are not follow-on costs. 

 

 

Figure 4-10. The Participant Costs Tab 
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The Participant Non Water Benefits Tab 

There are three parameter settings on the Participant Non Water Benefits Tab (see Figure 4-11).  

They are: 

Sewer Water Savings (English units: gal/yr; Metric Units: cubic meters/yr):  Set this 

parameter to the annual reduction in sewer flow from one unit of activity.  Leave it blank if the 

activity does not reduce sewer flow. 

Natural Gas Savings (English units: therms/gal; Metric Units: cubic meters of gas/cubic 
meters of water):  Set this parameter to the annual reduction in participant natural gas 

consumption due to one unit of activity.  For example, if the activity saves hot water that is 

heated with gas.   Leave it blank if the activity does not reduce participant natural gas 

consumption. 

Electricity Savings (English units: KWh/Gal, Metric Units: KWh/Cubic Meter):  Set this 

parameter to the annual reduction in participant electricity consumption due to one unit of 

activity.  For example, if the activity reduces use of water heated with electricity or reduces the 

amount of water pumped with electrical pumps.  Leave it blank if the activity does not reduce 

participant electricity consumption. 

 

 

Figure 4-11. The Participant Non Water Benefits Tab 
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The Plumbing Code Tab 

There are three parameter settings on the Plumbing Code Tab (see Figure 4-12).  They are: 

Year in which Code Took (or will take) Effect: Enter the year in which the code that relates to 

this activity took or will take effect.  For example, ULFT toilet requirements included in the 

National Energy Policy Act took effect in 1994.  New efficiency requirements for clothes washers 

will take effect in 2011.  Leave the field blank if there is no plumbing code that relates to the 

activity. 

Code Unit Water Savings (English units: gal/yr; Metric Units: cubic meters/yr): Enter the 

annual water savings from one unit of code-driven activity.  For example, if the activity is 

replacing old toilets with ULFTs you would enter the same unit savings you did on the Unit Water 

Savings tab because the unit savings would be the same whether a toilet is replaced by the 

code or by the program activity.  On the other hand, if the activity is replacing old toilets with 

high-efficiency toilets (HETs), you would not enter the same unit savings you did on the Unit 

Water Savings tab because the code only requires that an old toilet be replaced with a ULFT, 

which saves less water than an HET.  Therefore, you would enter the unit savings for a ULFT.  

Leave the field blank if there is no plumbing code that relates to the activity. 

 

Figure 4-12. The Plumbing Code Tab 
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Annual Rate of Code-Driven Replacement (%/Yr):  Enter the annual rate of code-driven (or 

natural) replacement for the activity.  This is the rate at which the code-impacted device would 

turnover absent your program.  For example, several studies have found that toilets turn over at 

a rate of 3-5% per year.  Typically, toilets are assumed to naturally turnover at the rate of 4% per 

year.  This is the rate at which code is assumed to replace older toilets with ULFTs.  Leave the 

field blank if there is no plumbing code that relates to the activity. 

Importing a Conservation Activity from the Library 

Importing an activity from the library is the easiest way to set up a new conservation activity.  

Once the activity is imported you can use it as is or customize it to your local conditions.  You 

import activities by clicking the large green button in the top right of the form.  When you click 

this button, a dialog box with the library of conservation activities will appear (Figure 4-13).  

Select the activity you want to import and click OK. 

WARNING: To avoid overwriting existing definitions, navigate to a new record and then import the 

activity.  You can purposefully overwrite an existing activity by importing a library activity 

into an existing record.  The tool will warn you that you are about to overwrite an activity 

and ask you if you want to proceed. 

 

Figure 4-13. The Import from Library Dialog 
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The activities included in the Conservation Activity Library are described in Appendix F. 

Deleting Conservation Activities 

You delete conservation activities by navigating to the conservation activity you want to delete 

and clicking on the Delete Record button.  The tool will warn you that all information associated 

with this activity will be deleted and ask you if you want to continue. 

WARNING: You cannot undo a deletion, so first be certain you want to delete the activity and then 

make sure you are deleting the right activity. 

The Table of Defined Conservation Activities 

Activities you define or import are stored in a table on the Define Activities Worksheet.  This 

table is normally hidden.  Click the button Show Activities in the Model at the top of the 

worksheet (Figure 3-8) to view the table.  Click the button again to hide the table. 

WARNING: It is strongly advised that you do not add, edit, or delete conservation activities directly in 

this table.  Use the Define Conservation Activities form to do these tasks.  Modifying the 

table directly may inadvertently change the model and stop it from working correctly. 

4.6 Enter Annual Activity Worksheet 

You use the Annual Activity Worksheet to enter the annual amount of activity for each 

conservation activity you define.  This worksheet also contains several calculation tables 

showing annual water savings for defined activities. 

Entering Annual Amounts of Conservation Activity 

Enter activity amounts in the Enter Annual Conservation Activity table at the top of the worksheet 

(Figure 4-14).  The table automatically adjusts to the number of activities you have defined.  If 

you go back later and define several more activities, these new activities will appear in the table.  

Likewise, if you later decide to delete an activity, it will be removed from the table. 

WARNING: Only enter or delete data in the white data entry cells.  Do not change or delete other 

cells or tables on the worksheet.  Never delete rows or columns on this worksheet.     

Doing so will stop the tool from working correctly. 
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Figure 4-14. The Enter Annual Activity Worksheet 

Note:  You do not need to enter activity for every year in the forecast period.  Enter activity 
only for as long as the program is expected to operate.  It is also okay to have years 
of no activity before or between years with activity, as in Figure 4-14. 

Savings Calculation Tables 

The Enter Annual Activity Worksheet includes 10 additional tables that the tool uses to calculate 

and store water savings information for defined activities.  These tables are: 

Effective Conservation Activity – This table tracks the cumulative amount of effective 

conservation activity for each defined measure in the model.  Effective activity is cumulative 

activity adjusted for any savings decay.  For example, if savings from a survey is assumed to 

decay at a rate of 10% per year, the effective activity from doing one survey would be 1 in the 

first year, 0.9 in the second year, 0.81 in the third year, and, more generally, (1-d)(n-1) for any 

future year n, where d is the rate of decay. 

Gross Water Savings – This table tracks the cumulative gross (or physical) amount of water 

savings from effective activity of defined measures in the model.  Gross savings equal the 

amount of effective activity in a year multiplied by the unit water savings for that activity. 

Peak Gross Water Savings – This table tracks the cumulative gross amount of water savings 

realized during the peak season. 

Off Peak Gross Water Savings – This table tracks the cumulative gross amount of water 

savings realized during the off peak season. 

Active Water Savings – This table tracks the amount of gross water savings that is associated 

with program implementation.  It is equal to gross water savings minus water savings that would 

have been realized anyway because of code requirements or because of program freeriders. 

Peak Active Water Savings – This table tracks the active amount of water savings realized 

during the peak season. 

Off Peak Active Water Savings – This table tracks the active amount of water savings realized 

during the off peak season. 
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Passive Water Savings – This table tracks the amount of gross water savings that would have 

been realized in the absence of the program because of code requirements or because of the 

presence of program freeriders. 

Peak Passive Water Savings – This table tracks the passive amount of water savings realized 

during the peak season. 

Off Peak Passive Water Savings– This table tracks the passive amount of water savings 

realized during the off peak season. 

WARNING: Effective conservation activity and passive water savings rely on custom Excel functions 

programmed in Visual Basic.  Changing any cells on the worksheet containing these 

functions or modifying the functions using the Visual Basic Editor will cause the tool to 

stop working correctly. 

4.7 Creating and Managing Scenarios 

Use the Scenario Manager, located on the Common Assumptions worksheet, to save new 

scenarios, load existing scenarios, and delete unwanted scenarios.  You access the Scenario 

Manager by clicking the Manage Scenarios button at the top of the Common Assumptions 

worksheet.  The Scenario Manager form will display, as shown in Figure 4-15. 

Load Scenario – Select a scenario from the Scenario List and click the button Load Scenario.  

All of the data contained in the scenario will be imported into the tool. 

WARNING: Loading a scenario will overwrite existing values in data entry cells.  First save existing 

values as a new scenario if you do not want to lose them. 

Save New Scenario – Click the Save New Scenario button to create a new scenario.  You will 

be prompted to give the scenario a name.  All of the data you have entered will be saved in this 

scenario. 

WARNING: Saving a scenario is the same as copying all the data in the model and storing it on a 

separate worksheet for later use.  If you save a scenario and then change some of the 

data in the model, the data stored in the scenario are not updated to reflect these 

changes.  To have these changes reflected in a scenario, you would need to save a new 

scenario. 
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Update Scenario – Select a scenario from the Scenario List and click the button update it.  All of 

the data contained in the model will be saved to the selected scenario. 

Delete Scenario – Select a scenario from the Scenario List and click the Delete Scenario 

button.   The scenario will be erased. 

WARNING: You cannot undo a scenario deletion.  Make sure you really want to delete the scenario 

before clicking the Delete Scenario button. 

Import Scenarios from Version 1.1 – Click this button to import scenarios from a Version 1.1 

model file.  You will be prompted to select a model file containing the scenarios you wish to 

import.  The imported scenarios will then be available for use in Version 1.2. 

 

 

Figure 4-15. The Scenario Manager 
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5 Model Results Worksheets 

This chapter presents the tool’s six results worksheets. 

5.1 Activity Savings Profiles Worksheet 

Use the Activity Savings Profiles worksheet to visually inspect the temporal pattern of water 

savings for each activity you have defined.  Use the drop down list at the top of the worksheet to 

select the conservation activity you wish to view, as in Figure 5-1. 

 

 

Figure 5-1. The Activity Savings Profiles Worksheet 

An activity’s annual water savings are divided between active program savings and passive 

savings.  Below the chart is a table showing the lifetime and annual average water savings for 

the activity. 

Active Water Savings are the water savings from activity implementation attributable solely to the 
program action.  They equal gross water savings minus water savings that would have been real-
ized anyway because of code requirements or program freeriders. 
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Passive Water Savings are the water savings from activity implementation that is not attributable 
solely to the program action because it would have occurred anyway because of code require-
ments or program freeriders. 

 

5.2 Water Savings Summary Worksheet 

The Water Savings Summary worksheet summarizes water savings from your defined activities 

and, if your baseline demands were adjusted for plumbing/energy code requirements, from 

code-driven replacement of toilets, showerheads, clothes washers, and dishwashers.  It also 

shows the tool’s calculation of the benefits from deferred and avoided capacity if you used the 

simple avoided cost calculator. 

Note:  If baseline demands were adjusted for plumbing/energy code requirements, code-
driven water savings will be summarized on this worksheet even if you have not    
defined any conservation activities. 

Savings Summary Tables 

The savings results are summarized in tables, as shown in Figure 5-2.  There are four summary 

tables, as follows: 

Service Area Demands Table – This table shows baseline demands; baseline demands 

adjusted for plumbing code (which will be the same as baseline demands if you checked the 

Demand Projection Accounts for Plumbing Code checkbox on the Specify Demands worksheet); 

and baseline demands adjusted for plumbing code and program water savings. 

Per Capita Demands Table – This table converts the demands from the Service Area Demands 

table to per capita demands using the population forecast from the Common Assumptions 

worksheet. 

Service Area Water Savings Table – This table shows water savings from code requirements, 

water savings from program activity, and total water savings. 

Customer Class Water Savings Table – This table shows how total water savings are divided 

among customer classes. 
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Figure 5-2. The Water Savings Summary Worksheet 

Savings Summary Charts 

Below the summary tables, you can display an assortment of charts that summarize water 

savings results.  You choose a chart for display by using the drop-down list above the chart, 

shown in Figure 5-3.  You can get a brief explanation of each table in the drop-down list by 

clicking the Chart Explanations button to the right of the list.  The following charts are available: 

Service Area Demands Chart – This chart shows graphically the information in the Service 

Area Demands table.  Figure 5-3 provides an example. 

 

Figure 5-3. The Service Area Demands Chart 
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Per Capita Demands Chart – This chart shows graphically the information in the Per Capita 

Demands table.  Figure 5-4 gives an example. 

 

Figure 5-4. The Service Area Demands Chart 

Total Class Savings Chart – This chart shows graphically the information in the Customer 

Class Water Savings table.  Figure 5-5 gives an example. 

 

Figure 5-5. The Total Class Water Savings Chart 

Program Class Savings Chart – This chart shows graphically the savings just from defined 

conservation activities, excluding code-driven water savings.  Figure 5-6 gives an example. 
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Figure 5-6. The Program Class Water Savings Chart 

Peak Season Capacity Chart – This chart shows baseline and adjusted daily demands during 

the peak season, as well as current and planned capacity.  It shows graphically the extent to 

which code- and program-driven savings could defer or avoid the need for new system capacity.  

Figure 5-7 gives an example. 

 

Figure 5-7. The Peak Season Capacity Chart 
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Physical Loss Reduction Comparison Chart – This chart compares the water savings from 

defined conservation activities to the potential water savings from an aggressive physical loss 

reduction program.  The comparison indicates whether investment in physical loss reduction 

would produce meaningful amounts of water savings given user entered information on system 

demands and water losses.  Appendix D describes how the model calculates water savings from 

physical loss reduction.  Figure 5-8 gives an example. 

 

Figure 5-8. The Physical Loss Reduction Comparison Chart 

5.3 Utility Costs and Benefits Worksheet 

Conservation activity costs and benefits from the utility perspective are summarized on the Utility 

Costs and Benefits worksheet, as shown in Figures 5-9 and 5-10.  The worksheet contains four 

tables and three charts. 

Conservation Program Annual Budget – This table shows the annual cost to the utility of each 

defined conservation measure.  It also provides two columns for entering (1) costs for program 

overhead not captured in the individual measure costs and (2) costs for public information and 

outreach.  These program activities, while not have specific water savings assumptions 

associated with them, are nonetheless essential cost components of most urban conservation 

programs.  Note that the costs in this table are expressed in nominal terms – i.e., they are 

adjusted each year for the assumed annual rate of inflation set on the common assumptions 

worksheet.  Because this table is large, users can hide it by clicking the button above it labelled 

“Hide Budget Table.” 
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Figure 5-9. Conservation Program Annual Budget Table 

Conservation Program Cost Analysis Table – This table shows the unit cost ($/Unit Volume 

of Savings), present value cost, and annualized costs of conservation activities.  The unit cost is 

measure of the cost of the water savings for the activity.  The present value cost is what the 

utility would need to spend or set aside today in order to fully fund the conservation program.  

The annualized cost is what the utility would need to expend annually if it were to finance the 

conservation program over some fixed number of years. 

Note:  You can change the number of years over which to annualize conservation program 
costs by using the drop-down list above the Amortized Cost column, as shown in 
Figure 5-10. 
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Figure 5-10. The Utility Costs and Benefits Worksheet 

Conservation Program Benefits Analysis Table – This table shows the unit benefit ($/Unit 

Volume of Savings), the present value benefits, and the present value benefit broken down 

between avoided capacity, avoided supply, and avoided wastewater costs.  The present value 

benefit is the economic value of future cost savings today. 

Note:  The table only shows capacity benefits if you are using the tool’s simple avoided cost 
calculator.  If you are using a manually entered avoided cost forecast, any capacity 
benefits would need to be incorporated into the forecast. 

Utility Conservation Program NPV and B/C Ratio Table – This table shows the net present 

value (NPV) and benefit-cost ratio (B/C ratio) for conservation activities.  NPV is simply the 

present value benefits less present value costs.  The B/C ratio is the present value benefits 

divided by the present value costs.  Both are measures of the conservation activity’s economic 

worth from the perspective of the utility and its ratepayers.  A positive NPV and a B/C ratio 

greater than one indicate the conservation activity would make the utility and its ratepayers 

better off – that is, the present value of future utility costs would be lower with the conservation 

than without it.  Conversely, a negative NPV and a B/C ratio less than one indicate the 

conservation activity would make the utility and its ratepayers worse off. 
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Note:  Appendix B describes the calculations of unit costs, unit benefits, present values, 
and annualized costs contained on this worksheet. 

Summary Charts -- The three charts, located below the tables, sort and present the results from 

each of the tables graphically.  You use the drop-down list to select the chart to view.  Click the 

Chart Explanations button below the drop-down list for a brief explanation of each chart. 

5.4 Utility Revenues and Rates Worksheet 

The Utility Revenues and Rates worksheet summarizes impacts of the conservation program on 

utility revenue requirements, average customer bill, and the average rate for water.  Annual 

impacts are shown graphically in the charts below the table, as shown in Figure 5-11.  You use 

the drop-down list to select the chart to view.  The charts show the impacts to revenue 

requirements, the average water rate, and the average customer bill assuming two alternative 

program financing methods.  The first method assumes pay-as-you-go financing, where program 

costs are paid out of current revenues.  The second method assumes debt financing, where 

program costs are paid by issuing 20-year debt.  Click the Chart Explanations button below the 

drop-down list for a brief explanation of each chart.  Appendix C describes the calculation of 

impacts to revenue requirement, the average customer bill, and the average rate for water. 

 

Figure 5-11. The Utility Revenues and Rates Worksheet 
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5.5 Customer Costs and Benefits Worksheet 

Conservation activity costs and benefits from the participating customer perspective are 

summarized on the Customer Costs and Benefits worksheet, as shown in Figure 5-12.  The 

worksheet contains four tables and three charts. 

Customer Conservation Program Costs Table – This table shows the unit cost ($/Unit 

Volume of Savings) and present value cost of conservation activities from the perspective of the 

participating customer. 

Customer Conservation Program Benefits Table – This table shows the unit benefit ($/Unit 

Volume of Savings), the present value benefits, and the present value benefit broken down 

between water, gas, electricity, and sewer benefits from the perspective of the participating 

customer. 

Lifetime Energy Savings Table – This table shows the lifetime electricity and gas savings on 

the customers’ side of the meter for each conservation measure.  Note, this table shows only the 

customer participant energy benefits.  It does not show the utility’s energy savings from 

producing, treating, and distributing less water or having to collect, treat, and dispose of less 

wastewater. 

Customer Conservation Program NPV and B/C Ratio Table – This table shows the net 

present value (NPV) and benefit-cost ratio (B/C ratio) for conservation activities from the 

perspective of the participating customer. 

Note:  If an activity does not have customer costs, the B/C ratio will be undefined and will 
show as N/A in the table, as in Figure 5-12. 

The three charts, located below the tables, sort and present the results from each of the tables 

graphically.  Use the drop-down list to select the chart to view. Click the Chart Explanations 

button below the drop-down list for a brief explanation of each chart. 
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Figure 5-12. The Customer Costs and Benefits Worksheet 
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6 Special Worksheets and Macros 

This chapter describes the purpose of the tool’s data storage and hidden worksheets.  It also 

explains how to access the underlying Visual Basic code used by the tool. 

6.1 Model Default Parameters 

The Water Conservation Tracking Tool uses a number of default parameters in its calculation of 

plumbing/energy code, toilet replacement program, showerhead replacement program, washer 

replacement program, dishwasher replacement program, and landscape program water savings.  

These parameters are stored on the worksheet “User Lists and State Variables.”  Figure 6-1 

provides a screen shot of some of the parameter tables.  Users can modify the default model 

parameters at their discretion to tailor the model to their service area.  Clicking the button 

“Restore Model Defaults” will reset the model to its default parameter settings. 

WARNING: IF YOU MODIFY THE DEFAULT MODEL PARAMETERS AFTER YOU HAVE 

IMPORTED LANDSCAPE, TOILET, SHOWERHEAD, WASHER, OR DISHWASHER 

ACTIVITIES FROM THE MODLE LIBRARY, YOU WILL NEED TO UPDATE THE UNIT 

SAVINGS FOR THOSE ACTIVITIES TO REFLECT THE CHANGES YOU MADE TO 

THE DEFAULT ASSUMPTIONS. 
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Figure 6-1. Default Model Parameters Tables on the “User Lists and State Variables” 
Worksheet 

6.2 Data Storage Worksheets 

The Water Conservation Tracking Tool uses three worksheets to store data.  These are the 

(1) Activity Library worksheet, (2) User Lists and State Variables worksheet, and (3) Saved 

Scenarios worksheet. 
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WARNING: MODIFYING THE CONTENTS OF OR DELETING THESE WORKSHEETS WILL 

CAUSE THE TOOL TO STOP WORKING CORRECTLY. 

6.3 Hidden Worksheets 

The Water Conservation Tracking Tool uses four hidden worksheets to calculate code-driven 

water savings for toilets, showerheads, clothes washers, and dishwashers.  These are the (1) 

Clothes Washer National Stdrd worksheet, (2) Pre92_Resid_Toilets_Showers worksheet, (3) 

Pre92_CII_Toilets worksheet, and (4) Dishwasher National Std worksheet. 

The tool uses the four code-related worksheets to adjust your baseline demand forecast to 

account for plumbing/energy code impacts unless the Demand Projection Accounts for Plumbing 

Code checkbox on the Specify Demands worksheet is checked.  Appendix A describes how the 

tool does this. 

Note:  Before you can access the hidden worksheets you must unprotect the workbook.  
See Excel’s user manual for how to do this.  It is strongly recommended that you  
reprotect the workbook when you are done viewing the hidden worksheets. 

The accounting tool also uses a hidden worksheet to calculate the unit water savings for 

landscape activities included in the model’s library.  This worksheet is called “Landscape 

Savings Models.”  Landscape savings calculations and default model assumptions for landscape 

are described in Appendix D and Appendix F. 

WARNING: MODIFYING THE CONTENTS OF OR DELETING THE HIDDEN WORKSHEETS WILL 

CAUSE THE TOOL TO STOP WORKING CORRECTLY. 

6.4 Macros and Visual Basic Code 

The Water Conservation Tracking Tool makes extensive use of macros, user forms, and custom 

functions programmed in Visual Basic for Applications.  The code is accessed via Excel’s Visual 

Basic Editor.  Consult Excel’s user guide for how to access the Visual Basic Editor. 

WARNING: USERS ARE STRONGLY ADVISED NOT TO MAKE CHANGES TO THE MACROS, 

USER FORMS, OR CUSTOM FUNCTIONS UNLESS THEY HAVE EXPERIENCE 

PROGRAMMING WITH VISUAL BASIC FOR APPLICATIONS. 
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7 Examples and Illustrations 

This chapter provides several examples and illustrations of using the Water Conservation 

Tracking Tool to estimate water savings, costs, and benefits of conservation activities. 

7.1 Using Census Data to Estimate Persons and Toilets Per 

Household 

Calculating water savings for residential bathroom fixture replacement requires two pieces of 

information that utilities may not have good estimates for: (1) average number of persons per 

household and (2) average number of toilets per household.  This example shows how to use 

Census data to estimate both quantities. 

Average Persons Per Household 

Average persons per household can be estimated separately for single- and multi-family 

dwelling units using Decennial Census data available from the American FactFinder website 

(www.factfinder.census.gov).  From the FactFinder home page, select Datasets>Decennial 

Census.  Select the Detailed Tables option for the Summary File 3 (SF3) dataset.  Use the drop-

down lists to select the geographic area for which you want data.  In this example, we will use 

Moraga, CA. 

Select the following detail tables: (1) H30 Units in Structure, (2) H31 Units in Structure for Vacant 

Housing Units, and (3) H33 Total Population in Occupied Housing Units by Tenure by Units in 

Structure.  The three tables for Moraga, Ca are shown in Tables 7-1 and 7-2.  Converting this 

data into average persons per household estimates requires the following steps: 

1. Subtract the data in Table H31 from the data in Table H30 to get a count of occupied 

dwelling units. 

2. Designate each row in each table as either single-family or multi-family.  Note that the 

rows for mobile homes, boats, etc. can be ignored if the counts are small.  Detached 

dwelling units are single-family.  Dwelling units with 2 or more units per structure are 

typically multi-family.  Attached units with 1 unit per structure are typically condominiums.  
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Whether these are classified as single- or multi-family depends on how your utility 

classifies them in its billing system.  For the example, they are classified as single-family. 

3. Use Table H33 to add up the total population for single-family and multi-family dwelling 

units. 

4. Divide the single-family population by the number of occupied single-family dwelling 

units.  Do the same for multi-family. 

For the Moraga, CA example, the results are 2.75 persons per household for single-family and 

1.84 persons per household for multi-family. 

Table 7-1. Units in Structure Data from Decennial Census 

H30. UNITS IN STRUCTURE Moraga, CA 
H31. UNITS IN STRUCTURE 

FOR VACANT HOUSING 
UNITS 

Moraga, CA 

Total: 5,827 Total: 105
1, detached 4,044 1, detached 69
1, attached 979 1, attached 30
2 72 2 0
3 or 4 174 3 or 4 6
5 to 9 206 5 to 9 0
10 to 19 137 10 to 19 0
20 to 49 151 20 to 49 0
50 or more 57 50 or more 0
Mobile home 7 Mobile home 0
Boat, RV, van, etc. 0 Boat, RV, van, etc. 0

 

Table 7-2. Population in Occupied Housing from Decennial Census 

H33. TOTAL POPULATION IN OCCUPIED HOUSING UNITS BY TENURE 
BY UNITS IN STRUCTURE Moraga, CA 

Total population in occupied housing units: 14,999
Owner occupied: 13,147

1, detached 11,109
1, attached 1,664
2 20
3 or 4 135
5 to 9 150
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10 to 19 27
20 to 49 17
50 or more 0
Mobile home 25
Boat, RV, van, etc. 0

Renter occupied: 1,852
1, detached 400
1, attached 346
2 128
3 or 4 160
5 to 9 201
10 to 19 279
20 to 49 229
50 or more 109
Mobile home 0
Boat, RV, van, etc. 0

 

Average Toilets Per Household 

Average toilets per household can be estimated using data from the American Housing Survey 

(www.census.gov/hhes/www/housing/ahs/ahs.html).  These surveys provide counts of full and 

half bathrooms by type of dwelling unit and occupancy status for various Metropolitan Statistical 

Areas.  Using the convention of one toilet per full or half bathroom allows you to estimate the 

average number of toilets per household for metropolitan regions that encompass or are located 

near your service area.  Table 7-3 shows average toilets per household for the San Francisco 

Bay Area calculated from 1998 AHS data. 

Table 7-3. Average Toilets Per Household Based on AHS Data 

SMSA House Type Full Bath Half Bath Toilets 
San Francisco Single, Detached 1.68 0.31 1.99 
San Francisco Single, Attached 1.37 0.28 1.65 
San Francisco 2 or More Units 1.09 0.09 1.18 
San Francisco Other 1.26 0.16 1.42 
San Jose Single, Detached 1.88 0.30 2.18 
San Jose Single, Attached 1.41 0.30 1.71 
San Jose 2 or More Units 1.23 0.11 1.34 
San Jose Other 1.64 0.09 1.73 
Oakland Single, Detached 1.77 0.31 2.07 
Oakland Single, Attached 1.47 0.40 1.87 
Oakland 2 or More Units 1.13 0.12 1.26 
Oakland Other 1.40 0.08 1.47 
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7.2 Estimating the Impact of Plumbing/Energy Code on 

Baseline Demand 

This example shows how to use the tracking tool to quickly estimate the impact of 

plumbing/energy code requirements on your service area’s future water demands.1  This can be 

done in three steps, as follows: 

1. Starting with an empty model (i.e. no defined conservation activities), complete the 

common assumptions worksheet.  Note: it is not necessary to enter common 

assumptions for utility rates, interest rate, inflation rate, reference ET, or rainfall, since 

these variables are not used to calculate plumbing/energy code water savings.  Your 

worksheet should look something like Figure 7-1. 

 

Figure 7-1. Common Assumptions Needed to Calculate Code-Related Water Savings 

                                                  
1 When you download the model from AWE, it will include several pre-defined scenarios.  Load the scenario “Code Impacts” to 

see the data used for this example. 
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2. On the Specify Demands worksheet, select the Grow Demands with Population radio 

button and enter the peak and off-peak demands for the first year of the analysis period 

when prompted.  This will create a baseline demands forecast where per capita demand 

is constant.  In other words, the baseline forecast will assume no further improvements in 

water use efficiency and no changes in water use behavior.  Make sure the Demand 

Projection Accounts for Plumbing Code checkbox is not checked. 

3. Enter the customer class demand shares. 

The Specify Demands worksheet will look something like Figure 7-2. 

 

Figure 7-2. Specifying Demands to Calculate Code-Related Water Savings 

Go to the Water Savings Summary Worksheet to review the results.  The impact of current 

plumbing/energy codes on annual demands, per capita demand, volume of savings, and savings 

as a percent of baseline demand will be summarized.  Sample chart output is shown in Figure  

7-3. 
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Figure 7-3. Impact of Plumbing/Energy Codes on Per Capita Water Use 

7.3 Specifying Alternative Water Savings Profiles 

This example demonstrates how to specify alternative water savings profiles for conservation 

activities.2  Five alternative water savings profiles are demonstrated.  The chart figures that 

follow are based on an activity with first year unit savings of 5,000 gallons/Yr and 1,000 units of 

activity completed in the first year of the analysis. 

Constant Unit Savings, Infinite Life: In this specification unit savings do not change over time 

and savings persist indefinitely.  This is the simplest water savings specification, but not often 

realistic.  This specification requires setting just one parameter in the Unit Water Savings tab of 

the Define Conservation Activities form, as shown in Figure 7-4.  The resulting savings profile is 

shown in Figure 7-5. 

                                                  
2 When you download the model from AWE, it will include several pre-defined scenarios.  Load the 

scenario “Savings Profiles” to see the data used for this example. 
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Figure 7-4. Specifying Constant Unit Savings with Infinite Life 

 

Figure 7-5. Savings Profile: Constant Unit Savings with Infinite Life 

 

Constant Unit Savings, Finite Life: This specification is the same as the previous one, but 

savings cease after a finite number of years.  This is probably the most common specification of 
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device water savings. This specification requires setting two parameters in the Unit Water 

Savings tab of the Define Conservation Activities form, as shown in Figure 7-6.  The resulting 

savings profile is shown in Figure 7-7. 

 

 

Figure 7-6. Specifying Constant Unit Savings with Finite Life 

 

Figure 7-7. Savings Profile: Constant Unit Savings with Finite Life 
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Decaying Unit Savings, Infinite Life: In this specification unit savings are a decreasing function 

of time.  For example, this profile can be used to mimic degradation of device performance, 

degradation of savings behavior, or degradation in device retention.  This specification requires 

setting two parameters in the Unit Water Savings tab of the Define Conservation Activities form, 

as shown in Figure 7-8.  In this example, the decay rate is set to 10%.  The resulting savings 

profile is shown in Figure 7-9. 

 

Figure 7-8. Specifying Decaying Unit Savings with Infinite Life 
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Figure 7-9. Savings Profile: Decaying Unit Savings with Infinite Life 

 

Decaying Unit Savings, Finite Life: This specification is the same as the previous example 

except that savings cease after a finite number of years.  This specification requires setting three 

parameters in the Unit Water Savings tab of the Define Conservation Activities form, as shown in 

Figure 7-10.  In this example, the decay rate is set to 10% and the useful life is set to 10 years.  

The resulting savings profile is shown in Figure 7-11. 
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Figure 7-10. Specifying Decaying Unit Savings with Finite Life 

 

Figure 7-11. Savings Profile: Decaying Unit Savings with Finite Life 

 

Activity and Plumbing/Energy Code Interaction: In this specification the tracking tool splits 

unit savings between Active and Passive components due to plumbing/energy code interactions.  
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This type of specification is needed if the conservation activity is accomplishing something (e.g. 

a toilet replacement) that would otherwise have eventually been accomplished by a 

plumbing/energy code. 

This specification involves setting parameters in the Unit Water Savings and the Plumbing Code 

tabs of the Define Conservation Activities Form.  In the Unit Water Savings tab, any of the 

previously described savings specifications could be applied.  In this example, we will assume 

the activity is replacing older toilets with ULFTs or HETs and that converted toilets will never 

revert to lower efficiency models.  We will also assume no significant performance degradation 

over time.  Therefore, the constant unit savings with infinite life specification is applied. 

In the Plumbing Code tab, we must specify when the code interacting with the activity took 

effect, the unit water savings produced by the code, and the rate of fixture replacement by the 

code.  In the case of toilets, residential ULFT codes took effect about 1994 nationally.  

Residential toilets turn over at an annual rate of 3-5% per year.  The standard replacement rate 

assumption is 4% per year.  For this example, we will simply assume the code would result in 

the same fixture efficiency as the activity being defines.  But it is important to note that this will 

not always be the case in the real world.  For example, in the case of toilet efficiency codes, an 

activity to install HETs would have higher unit savings than the code requirement, which only 

requires installation of ULFTs. 

Figure 7-12 shows the specification.  The resulting savings profile is shown in Figure 7-13. 

The key point about conservation activities with code interactions is that the amount of active 

water savings, that is, the amount that should be credited to the activity, decreases with time, 

while the amount of passive water savings, that is, the amount that should be credited to the 

code, increases with time.  This occurs because the probability that a fixture would be replaced 

due to the code increases as time passes.  Eventually the code would cause the fixture to be 

replaced.  The active component of the water savings reflects the acceleration of these 

conversions due to the conservation activity. 
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Figure 7-12. Specifying an Activity with Code Interactions 
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Figure 7-13. Savings Profile: Unit Savings with Code Interaction 

7.4 Using the Simple Avoided Cost Calculator 

After entering common assumptions and specifying demands, the third data input step is to 

specify utility avoided costs.  This can be done either by entering a pre-determined forecast of 

avoided costs or by using the tracking tool’s Simple Utility Avoided Cost Calculator. This 

example demonstrates how to use the tool’s calculator to estimate the benefits to the utility and 

its ratepayers from conservation measures.3 

The calculator estimates utility avoided costs as the sum of three items: (1) avoided costs of 

water production, treatment, and distribution; (2) avoided costs of wastewater collection, 

treatment, and disposal; and (3) deferred or avoided system expansion.  The calculator provides 

a simple template for providing data to calculate each of these items.  Figure 7-14 shows how 

the calculator will look without any data in it. 

Entering Data 

The first step is to enter costs of water production, treatment, and distribution that would be 

avoided by producing less water.  This is done in the first table, which consists of four data input 

                                                  
3 When you download the model from AWE, it will include several pre-defined scenarios.  Load the 

scenario “Sample Scenario (English Units)” to see the data used for this example. 
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rows: (1) Water Purchase Cost, (2) Energy for Transmission, Treatment, Distribution, 

(3) Chemicals, and (4) Other Variable O&M.  The first line is used to enter the cost of acquiring 

system water (if any).  For example, if your utility buys water from a wholesaler, you would enter 

the cost of this water.  In the second row, you enter the cost of energy for moving one unit (e.g. 

1 AF, 1 MG, or 1 MCM) of water through the system and treating it.  Likewise, in the third row 

you enter the cost for chemicals for treating one unit of water.  Use the last row for any other 

avoidable water production costs that were not already accounted for in the other rows.  Use the 

table’s second data input column to enter the expected annual rate of increase for these unit 

costs.  Figure 7-15 shows an example of the completed table. 

 

Figure 7-14. Simple Utility Avoided Cost Calculator Without Data 
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Figure 7-15. Example Water Supply Variable O&M Unit Costs 

In the second step, you complete the table for avoidable wastewater costs.  If your utility does 

not provide wastewater service, you can leave this table blank.  The table has the same 

structure as the previous one.  Figure 7-16 shows an example of the completed table. 

 

Figure 7-16. Example Wastewater Variable O&M Unit Costs 

The final step requires you to enter three pieces of information.  These are: (1) the year in which 

you expect to add more system capacity to meet baseline future demands; (2) the amount of 

capacity you expect to add; and (3) the average unit cost of this capacity.  The first item will 

depend on your system’s current capacity relative to existing and projected demand.  The 

second item is also a function of projected demand.  You have the option of using the model’s 
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default estimate of capacity requirement.  Clicking the checkbox “Check to Use Model Default” 

will cause the model to calculate the additional capacity needed to meet peak season demands 

20 years from the year in which you expect to have to add more capacity.  The third item – 

average unit cost of new capacity – will depend on the type of system additions needed.  Figure 

7-17 shows an example of the completed calculator.  In this example, the model’s default 

capacity increment is used. 

 

Figure 7-17. Example System Capacity Data Inputs for Determining Avoided Costs 

 

Reviewing Results 

The potential capacity deferral/avoidance benefits are summarized on the Water Savings 

Summary worksheet.  The last table of this worksheet shows: (1) when additional peak season 

capacity would be required under the baseline demand forecast, (2) when it would be required if 

the baseline demand forecast needed to be adjusted for plumbing/energy code impacts; and 

(3) when it would be required if the defined conservation activities were implemented at the 

levels input on the Enter Annual Activity worksheet. 
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Figure 7-18 shows the results for the example data.  It shows that under the baseline demand 

forecast, additional capacity would be required in 2020.  Assuming the baseline forecast did not 

account for plumbing/energy code impacts, then adjusting the forecast for these impacts would 

defer the need for new capacity to 2029, a deferral benefit of nine years.  Likewise, factoring in 

the expected water savings from planned conservation activities would provide an additional two 

years of deferral benefit. 

The value of deferring new capacity is equal to the difference in the present value cost of adding 

the capacity in 2020 versus adding it in 2029 or 2031.  The table shows this value to be $7.5 

million and $8.9 million respectively. 

Note that if the amount of anticipated water savings was large enough to eliminate the need for 

some of the next increment of new capacity altogether, the value of this capacity avoidance 

would also show up in the table.  In the present example, the water savings from code and 

planned conservation activity are only able to defer the need for new capacity, not eliminate it.  

Thus, the amount of avoided capacity is shown as zero in the table. 

 

Figure 7-18. Example System Capacity Deferral Benefits 

The avoided cost benefits of just the planned conservation activities are summarized on the 

Utility Costs and Benefits worksheet, as shown in Figure 7-19.  The value of avoided water 

production, treatment, and distribution costs due to each conservation activity is shown in the 

table’s Avoided Supply column.  Likewise, the value of avoided wastewater O&M is shown in the 
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table’s Avoided Wastewater column.  Lastly, the table’s Capacity Benefit column shows the 

amount of capacity deferral benefit associated with each activity.  Note that the total capacity 

benefit from defined conservation activities is equal to the difference between the capacity 

benefit from the combined water savings from plumbing/energy codes and planned conservation 

activities (which, from the Water Savings Summary worksheet, is about $8.9 million) less the 

capacity benefit from just plumbing/energy codes (which, from the Water Savings Summary 

worksheet, is about $7.5 million). 

The total avoided cost benefit, shown in the table’s PV Benefit column, is the sum of the avoided 

supply, avoided wastewater, and capacity benefit.  In this example, the present value of future 

avoided costs due to planned conservation activities is about $10.4 million. 

 

Figure 7-19. Example Avoided Cost Benefits of Planned Conservation Activity 

7.5 Conducting a Break-even Analysis 

Sometimes a set of conservation activities may not be cost-effective from the utility/ratepayer 

perspective but nonetheless are considered socially beneficial.  This can occur, for example, if 

the some of the conservation activities entail benefits that are external to the utility (e.g. diffuse 

environmental benefits).  In these cases, a natural question to ask is what would the additional 

societal value of conserved water need to be to result in a B-C ratio of 1.0 from the societal 

perspective?  This example shows how to use the tracking tool to quickly answer this question. 

This example uses the scenario “Break-Even Scenario”, which is included with the model when 

you download it from the AWE website.  Load this scenario into the model and navigate to the 

Utility Costs and Benefits worksheet.  It should look like Figure 7-20.  Note that the overall B-C 

ratio for the defined conservation activities is 0.74, and the NPV is about -$2.5 million.  The goal 

of this exercise is to find what value society as a whole would need to place on the saved water, 
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above and beyond the value it derives from avoided water, wastewater, and energy costs, to 

make the activities collectively break-even (e.g. NPV = 0 and B-C ratio = 1.0) 

 

Figure 7-20. Society Costs & Benefits in the Sample Scenario (English Units) 

This can be done using Excel’s built-in Goal Seek tool (accessed from the Tools menu in Excel 

2002/03 and from the Data tab of the Ribbon in Excel 2007).  However, using Goal Seek 

requires that we first make a few changes to the Enter Other Utility Benefits of Reduced Water 

Demands table located at the bottom of the Enter Utility Avoided Costs worksheet.  Navigate to 

this worksheet and enter the following: 

1. In cell D55, enter the formula =D54. 

2. In cell E54, enter the formula =D54, and then copy cell E54 to all the remaining cells in 

this row of the table. 

3. In cell E55, enter the formula =D55, and then copy cell E55 to all the remaining cells in 

this row of the table. 

4. Enter $100 in cell D54.  If all the cells in the table change to $100, then the table is set 

up correctly and you are ready to use the Goal Seek tool. 
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Navigate back to the Utility Costs & Benefits worksheet.  Select Goal Seek (from the Tools menu 

in Excel 2002/03 or from the Data tab of the Ribbon in Excel 2007).  In the “Set cell” field, enter 

or select cell F198, as shown in Figure 7-21.  In the “To value” field, enter 1.0.  In the “By 

changing cell” field, use the navigation button at the right of the field to navigate back to the 

Enter Utility Avoided Costs worksheet and select cell D54.  Click the OK button.  The Goal Seek 

Tool will now find the societal value of water resulting in a B-C ratio of 1.0. 

 

Figure 7-21. Using the Goal Seek Tool 

When the Goal Seek Tool is finished, navigate to the Enter Utility Avoided Costs to see the 

result.  In this example, the result will be $155/AF.  This represents the average incremental 

value of water required to make the program break-even from a social perspective.  Navigating 

back to the utility BCA worksheet, the B-C ratio will equal 1.0, as shown in Figure 7-22. 
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Figure 7-22. Results of the Goal Seek Analysis 
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8 Error Handling and Troubleshooting 

This chapter describes what to do if the Water Conservation Tracking Tool behaves 

unexpectedly or crashes during an operation. 

8.1 Visual Basic Errors 

The Water Conservation Tracking Tool relies extensively on Visual Basic coding.  In the event 

this code generates an untrapped error while you are using the model, you will see an error 

dialog like the one in Figure 8-1. 

If this occurs, click the End button and you will be returned to the worksheet you were working 

in. 

 

 

Figure 8-1. Visual Basic Error Dialog 

WARNING: If you click the Debug button rather than the End button shown in Figure 8-1, the Visual 

Basic Editor will open and you will be taken to the code that generated the error.  The  

offending code will be highlighted in yellow, as in Figure 8-2.  To return to the model, do 

the following: 

1. Click the Run menu at the top of the screen, as shown in Figure 8-2. 

2. Select the Reset option, as shown in Figure 8-2. 

3. Click the green Excel icon in the top left corner of the window (see Figure 8-2). 
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Figure 8-2. Visual Basic Editor in Debug Mode 

8.2 Can’t Copy and Paste between Worksheets 

The Water Conservation Tracking Tool uses worksheet events to control model behavior.  A 

worksheet event is Visual Basic code that is triggered when a worksheet is activated or some 

other specific event occurs on the worksheet.  Worksheet events can prevent copying and 

pasting between worksheets.  This occurs when activation of the destination worksheet or 

deactivation of the origin worksheet in a copy and paste operation triggers a worksheet event.  

When the event is triggered, Excel cancels the copy operation and the paste operation fails. 

Note:  Users familiar with Visual Basic can use the following workaround to temporarily en-
able copy and paste operations between worksheets in the model. 
1. Open the Visual Basic Editor 
2. From the View Menu, open the Immediate Window. 
3. Type the following line in the Immediate Window and hit return: 
             Application.EnableEvents=FALSE 
 
This will disable Excel events and parts of the model will not function correctly.  To 
return the model to normal operation, do the following: 
1. Open the Visual Basic Editor 
2. From the View Menu, open the Immediate Window. 
3. Type the following line in the Immediate Window and hit return: 
             Application.EnableEvents=TRUE 
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8.3 Can’t Leave the Define Activities Worksheet 

When you activate the Define Activities worksheet, the Define Conservation Activities form is 

displayed.  You must close the form before you can navigate to a different worksheet.  If you try 

to navigate to another worksheet with the form open, Excel will beep at you. 

8.4 Deleted or Overwrote Cells with Formulas 

If you accidentally delete or overwrite cells with formulas, the model will stop working correctly.  

You have two options if this happens to you: 

1. If you have not saved the file, undo the action from the Edit Menu or by typing Ctrl-z. 

2. If you saved the file after you deleted the cells, you can revert to your backup copy of the 

model.  You may need to re-enter information into this file.  Don’t forget to make a new 

backup copy. 

8.5 Worksheet Name Not Recognized 

The Visual Basic code controlling the model depends on specific worksheet names.  Changing 

the worksheet names will stop the tool from working correctly.  For this reason, the workbook is 

protected to prevent changes to its structure.  Unprotecting the workbook and changing 

worksheet names will cause the model to stop working correctly. 

WARNING: If you have changed any worksheet names you will need to change them back to their 

original names or the model will generate Visual Basic errors. 

8.6 Chart Window Buttons Don’t Work 

Charts on some of the worksheets have a “Show Chart in Own Window” button.  Clicking this 

button will put the chart in its own window, which can be sized and moved around.  This can be 

useful if you are working with a small computer display.  However, versions of Excel starting with 

Excel 2007 do not have this capability.  If you are using the model with Excel 2007 or a later 

version, nothing will happen when you click these buttons. 
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9 Appendix A – Code-Driven Water Savings 
Estimation 

This appendix provides technical information on how the Water Conservation Tracking Tool 

calculates code-driven water savings for toilets, showerheads, washing machines, and 

dishwashers. 

9.1 Residential Toilets 

Calculation of code-driven water savings for residential toilets involves 3 steps, as follows: 

1. Estimate the stock of non-ULF toilets in the Analysis Start Year. 

2. Estimate the conversion of the stock of non-ULF toilets to ULF toilets over the fore-
cast period. 

3. Estimate the water savings from toilet conversion. 

Note:  Code-driven water savings calculations for residential toilets are on the hidden work-
sheet:: Pre91_Resid_Toilets_Showers 

Analysis Start Year Stock of Non-ULF Toilets 
The tool uses the following equation to estimate the stock of non-ULF toilets in the Analysis Start 

Year. 

( )( )( )1991
1990 1 −−+= Y

Y nrrHBFBHS  

where SY is the stock of non-ULF toilets in Analysis Start Year Y, H1990 is the stock of housing 

units in 1990, FB is the average number of full bathrooms per dwelling unit, HB is the average 

number of half bathrooms per dwelling unit, and nrr is the annual rate of toilet replacement in the 

population.  The user enters values for Y, H1990, FB, and HB in the Common Assumptions 

worksheet.  The default nrr parameter, which is set on the hidden 

Pre91_Resid_Toilets_Showers worksheet, is 4%. Toilet stocks are calculated separately for 

single- and multi-family dwelling units. 
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Conversion of Non-ULF Toilets to ULF Toilets 
The tool uses the following equation to estimate the number of non-ULF toilets converted to ULF 

toilets for any year t in the forecast period. 

( )( )( )Yt
Yt nrrSC −−−= 11  

where Ct is the number of toilets in year t that have been converted to ULF toilets.  Converted 

toilets are calculated separately for single- and multi-family dwelling units. 

 

Water Savings from Toilet Conversion 
The tool uses the following equation to estimate the water savings for any year t in the forecast 

period from converting non-ULF toilets to ULF toilets. 

UCW tt =  

where Wt is water savings in gallons per day (gpd) in year t and U is the unit water savings in 

gpd from converting a non-ULF toilet to a ULF toilet.  Unit and total water savings are calculated 

separately for single- and multi-family dwelling units.  Unit water savings are calculated using the 

following two equations. 

826.7529.0693.6 2 +−= SFSFSF PPHPPHU  

181.2942.0138.19 2 +−= MFMFMF PPHPPHU  

where PPHSF and PPHMF are average persons per household for single- and multi-family 

dwelling units, respectively.  The user enters values for PPHSF and PPHMF on the Common 

Assumptions worksheet.  The unit savings equations were taken from the BMP Costs & Savings 

Study: A Guide to the Data and Methods for Cost-Effectiveness Analysis of Urban Water 

Conservation Best Management Practices, published by the California Urban Water 

Conservation Council. 

Conversion of Non-ULF and ULF Toilets to HE Toilets 
The CalTex and Georgia Editions of the tool also calculate water savings for code requirements 

for high-efficiency (HE) toilets.  The tool defines a HE toilet as a toilet that flushes 1.28 gallons or 

less.4   In California and Texas, the sale of non-HE toilets will be prohibited starting in 2014.  In 

Georgia, the sale of non-HE toilets will be prohibited starting in 2012. 

                                                  
4 This includes dual flush toilets that have an average flush volume of 1.28 gallons or less. 
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The CalTex Edition of the tool assumes that non-ULF and ULF toilets will convert to HE toilets 

as follows: 

1. Starting in 2014, the remaining stock of non-ULF toilets will convert to HE toilets rather 

than ULF toilets. 

2. Starting in 2014, the stock of ULF toilets in existing construction will start converting to 

HE toilets at the rate of natural replacement set for residential toilets.  The tool’s default 

rate is 4% per year of the remaining stock. 

3. Starting in 2014, new residential construction will have HE toilets rather than ULF toilets. 

The same assumptions are used in the Georgia Edition of the tool except that HE conversions 

are assumed to begin in 2012 rather than 2014. 

Water savings from converting a non-ULF toilet to an HE toilet are assumed to be 1.23 times the 

savings from converting the non-ULF toilet to a ULF toilet.  Water savings from converting a ULF 

toilet to an HE toilet are assumed to be 0.23 times the savings from converting the non-ULF 

toilet to a ULF toilet. 

The tool uses the following equation to estimate the stock of housing units for any year t in the 

forecast period. 

1990
1990

H
P
P

H t
t =  

where Ht is the stock of housing in year t, Pt is the service area population estimate in year t, 

P1990 is the service area population estimate in 1990, and H1990 is the housing stock in 1990.  

The user enters values for Pt, P1990, and H1990 in the Common Assumptions worksheet.  Housing 

stock is calculated separately for single- and multi-family dwelling units. 

9.2 Residential Showerheads 

Calculation of code-driven water savings for residential showerheads involves 3 steps, as 

follows: 

1. Estimate the stock of non-LF showerheads in the Analysis Start Year. 

2. Estimate the conversion of the stock of non-LF showerheads to LF showerheads 
over the forecast period. 

3. Estimate the water savings from showerhead conversion. 
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Note:  Code-driven water savings calculations for residential showerheads are on the    
hidden worksheet: Pre91_Resid_Toilets_Showers 

Analysis Start Year Stock of Non-UL Showerheads 
The tool uses the following equation to estimate the stock of non-ULF toilets in the Analysis Start 

Year. 

( )( )1991
1990 1 −−= Y

Y nrrFBHS  

where SY is the stock of non-LF showerheads in Analysis Start Year Y, H1990 is the stock of 

housing units in 1990, FB is the average number of full bathrooms per dwelling unit, and nrr is 

the annual rate of showerhead replacement in the population.  The user enters values for Y, 

H1990, and FB in the Common Assumptions worksheet.  The default nrr parameter, which is set 

on the hidden Pre91_Resid_Toilets_Showers worksheet, is 12%. Showerhead stocks are 

calculated separately for single- and multi-family dwelling units. 

Conversion of Non-LF Showerheads to LF Showerheads 
The tool uses the following equation to estimate the number of non-LF showerheads converted 

to LF showerheads for any year t in the forecast period. 

( )( )( )Yt
Yt nrrSC −−−= 11  

where Ct is the number of showerheads in year t that have been converted to LF showerheads.  

Converted showerheads are calculated separately for single- and multi-family dwelling units. 

Water Savings from Showerhead Conversion 
The tool uses the following equation to estimate the water savings for any year t in the forecast 

period from converting non-LF showerheads to LF showerheads. 

UCW tt =  

where Wt is water savings in gpd in year t  and U is the unit water savings in gpd from converting 

a non-LF showerhead to a LF showerhead.  Unit and total water savings are calculated 

separately for single- and multi-family dwelling units.  Unit water savings are set to the following 

values. 

gpd 65.5=SFU  

gpd 20.5=MFU  
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The unit savings values were taken from the BMP Costs & Savings Study: A Guide to the Data 

and Methods for Cost-Effectiveness Analysis of Urban Water Conservation Best Management 

Practices, published by the California Urban Water Conservation Council. 

9.3 Residential Clothes Washers 

The water factor for clothes washers sold in the United States must be no more than 9.5 starting 

in 2011.  The current average water factor for top-loading conventional washing machines is 

11.5.  Calculation of code-driven water savings for residential clothes washers involves 6 steps, 

as follows: 

1. Estimate the stock of single- and multi-family housing over the forecast period. 

2. Estimate the number of newly constructed housing that will have high-efficiency 
washers because of the national standard. 

3. Estimate the water savings from these high-efficiency washers. 

4. Estimate the stock of low efficiency residential washers in 2011. 

5. Estimate the conversion of the stock of low efficiency washers to washers with water 
factors of no more than 9.5 over the forecast period. 

6. Estimate the water savings from washer conversion. 

Note:  Code-driven water savings calculations for residential clothes washers are on the 
hidden worksheet: Clothes Washer National Stdrd. 

The tool uses the following equation to estimate the stock of housing units for any year t in the 

forecast period. 

1990
1990

H
P
P

H t
t =  

where Ht is the stock of housing in year t, Pt is the service area population estimate in year t, 

P1990 is the service area population estimate in 1990, and H1990 is the housing stock in 1990.  

The user enters values for Pt, P1990, and H1990 in the Common Assumptions worksheet.  Housing 

stock is calculated separately for single- and multi-family dwelling units. 

Note:  The tool assumes the ratio of single-family to multi-family housing units is constant 
over the forecast period. 
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The tool uses the following equation to estimate for any year t > 2011 the number of housing 

units with high-efficiency washers because of the national standard. 

( ) MSWFHHHEW tt ××−= 2011  

where HEWt is the number of high-efficiency washers in year t in housing units built after 2011, 

WF is the fraction of households with an in-unit washer, and MS is the current market share of 

conventional, top loading washers.  Washer stock is calculated separately for single- and multi-

family dwelling units. 

Note:  The tool uses the assumption that, absent the national standard, the market share of 
conventional washers would remain constant over the forecast period. 

Default values for WF were developed from the national data file of the 2005 American Housing 

Survey.  The default values are: 

%9.95=SFWF  

%39=MFWF  

The default value for MS was derived from a variety of industry estimates.  The default value in 

the model is: 

%70=MS  

Water Savings from Washers in New Construction 
The tool uses the following equation to estimate in any year t>2011 the water savings from 

washers in new construction due to the national standard. 

 UHEWW tt ×=  

where Wt is water savings in gallons per year (gpy) and U is annual water savings per washer in 

gpy. 

The value of U was taken from the Exhibit 8 of the Memorandum of Understanding Regarding 

Urban Water Conservation in California, which estimates an average savings of 1,170 gpy for 

each unit decrease in a residential washer’s water factor.  The national standard will lower the 

water factor of conventional machines from their current value of 11.5 to 9.5.  The default value 

for U in the model therefore is: 

 gpy 340,2=U  
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9.4 Commercial Toilets 

Calculation of code-driven water savings for commercial toilets involves 3 steps, as follows: 

1. Estimate the stock of non-ULF toilets in the Analysis Start Year. 

2. Estimate the conversion of the stock of non-ULF toilets to ULF toilets over the fore-
cast period. 

3. Estimate the water savings from toilet conversion. 
 

Note:  Code-driven water savings calculations for commercial toilets are on the hidden 
worksheet: Pre92_CII_Toilets 

Analysis Start Year Stock of Non-ULF Toilets 
The tool uses zip-code level data on pre-1992 toilet stocks and population from the California 

Urban Water Conservation Council to relate the number of pre-1992 commercial toilets to 

service area population.  The estimating equations are on the hidden worksheet 

Pre92_CII_Toilets. 

The tool uses the following equation to estimate the stock of non-ULF toilets in the Analysis Start 

Year. 

( )( )( )1992
1990 1 −−= Y

Y nrrPSS  

where SY is the stock of non-ULF toilets in Analysis Start Year Y, S(P1990) is the estimating 

equation that relates the stock of 1992 commercial toilets to 1990 service area population, P1990 

is 1990 service area population, and nrr is the annual rate of toilet replacement.  The user enters 

values for Y and P1990 in the Common Assumptions worksheet.  The default nrr parameter, 

which is set on the hidden worksheet Pre92_CII_Toilets, is 4%. 

Toilet stocks are calculated separately for ten CII sectors: (1) hotels, (2) restaurants/bars, (3) 

health facilities, (4) offices, (5) retail/wholesale, (6) industrial, (7) religious facilities, (8) 

government facilities, (9) schools, and (10) unclassified facilities. 

Conversion of Non-ULF Toilets to ULF Toilets 
The tool uses the following equation to estimate the number of non-ULF commercial toilets 

converted to ULF toilets for any year t in the forecast period. 

( )( )( )Yt
Yt nrrSC −−−= 11  
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where Ct is the number of toilets in year t that have been converted to ULF toilets.  Converted 

toilets are calculated separately for the ten CII sectors. 

Water Savings from Toilet Conversion 
The tool uses the following equation to estimate the water savings for any year t in the forecast 

period from converting non-ULF toilets to ULF toilets. 

UCW tt =  

where Wt is water savings in gallons per day (gpd) in year t and U is the unit water savings in 

gpd from converting a non-ULF toilet to a ULF toilet.  Unit and total water savings are calculated 

separately for each of the ten CII sectors.  Unit water savings for each CII sector are from the 

California Urban Water Conservation Council’s report “The CII ULFT Savings Study, Second 

Edition.”  Unit water savings used by the model are shown in the following table. 

 

CII Sector GPD 
Hotels 16 
Eating 47 
Health 21 
Offices 20 
Retail/ Wholesale 40 
Industrial 23 
Churches 28 
Government 25 
Schools: K to 12 18 
Other 18 

 

Conversion of Non-ULF and ULF Toilets to HE Toilets 
The CalTex and Georgia Editions of the tool also calculate water savings for code requirements 

for high-efficiency (HE) toilets.  The tool defines a HE toilet as a toilet that flushes 1.28 gallons or 

less.5   In California and Texas, the sale of non-HE toilets will be prohibited starting in 2014.  In 

Georgia, the sale of non-HE toilets will be prohibited starting in 2012. 

The CalTex Edition of the tool assumes that non-ULF and ULF toilets will convert to HE toilets 

as follows: 

1. Starting in 2014, the remaining stock of CII non-ULF toilets will convert to HE toilets 

rather than ULF toilets. 

                                                  
5 This includes dual flush toilets that have an average flush volume of 1.28 gallons or less. 
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2. Starting in 2014, the stock of ULF toilets in existing CII construction will start converting 

to HE toilets at the rate of natural replacement set for CII toilets.  The tool’s default rate is 

4% per year of the remaining stock. 

3. Starting in 2014, new CII construction will have HE toilets rather than ULF toilets. 

The same assumptions are used in the Georgia Edition of the tool except that HE conversions 

are assumed to begin in 2012 rather than 2014. 

Water savings from converting a non-ULF toilet to an HE toilet are assumed to be 1.23 times the 

savings from converting the non-ULF toilet to a ULF toilet.  Water savings from converting a ULF 

toilet to an HE toilet are assumed to be 0.23 times the savings from converting the non-ULF 

toilet to a ULF toilet. 

The tool uses the following equation to estimate the stock of CII toilets for any year t in the 

forecast period. 

( )
1992

1990 P
P

PSS t
t =  

where St is the stock of toilets in year t, S(P1990) is the estimating equation that relates the stock 

of 1992 commercial toilets to 1990 service area population, Pt is the service area population 

estimate in year t, P1992 is the estimated service area population estimate in 1992.  The user 

enters values for Pt and P1990 in the Common Assumptions worksheet. 

Conversion of > 1.0 gpf and 1.0 gpf Urinals to 0.5 gpf Urinals 
The CalTex and Georgia Editions of the tool also calculate water savings for code requirements 

for high-efficiency (HE) urinals.  The tool defines a HE urinal as a urinal that flushes 0.5 gallons 

or less.6   In California and Texas, the sale of non-HE urinals will be prohibited starting in 2014.  

In Georgia, the sale of non-HE urinals will be prohibited starting in 2012. 

The CalTex Edition of the tool assumes that urinals flushing more than 0.5 gpf will convert to 0.5 

gpf urinals as follows: 

1. Starting in 2014, the remaining stock of non-efficient CII urinals flushing more than 1.0 

gpf will convert to 0.5 gpf urinals rather than 1.0 gpf urinals. 

2. Starting in 2014, the stock of 1.0 gpf urinals in existing CII construction will start 

converting to 0.5 gpf urinals at the rate of natural replacement set for CII urinals.  The 

tool’s default rate is 4% per year of the remaining stock. 

                                                  
6 This includes dual flush toilets that have an average flush volume of 1.28 gallons or less. 
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3. Starting in 2014, new CII construction will have 0.5 gpf urinals rather than 1.0 gpf urinals. 

The same assumptions are used in the Georgia Edition of the tool except that 0.5 gpf urinal 

conversions are assumed to begin in 2012 rather than 2014. 

The tool assumes that the stock of urinals is 1/3 the stock of CII toilets.7  It assumes an average 

of 8.5 flushes per urinal per day and an average flush volume of 2.5 gpf for the stock of urinals 

rated above 1.0 gpf.8 

 

                                                  
7 California Urban Water Conservation Council, “A Report on Potential Best Management Practices, 

Annual Report – Year Two,” prepared by Koeller and Company, January 2006. 
8 Ibid. 
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10 Appendix B – Present Value and Unit 
Cost/Benefit Calculations 

This appendix provides technical information on how the Water Conservation Tracking Tool 

calculates present values and unit costs and benefits. 

10.1 Conversion of Nominal Dollars to Constant Dollars 

Nominal dollar values entered into the tool are converted to constant dollars denominated in the 

year in which the tool is being used.  For example, if the tool is being used in 2009, the tool 

converts all nominal dollar values to 2009 constant dollars.  The tool uses the following equation 

to convert nominal dollar values to constant dollar values: 

( ) NC
NC iDD −+= 1  

where DC are dollars denominated in the current year, DN are dollars denominated in Year N, 

and i is the assumed inflation rate.  If N > C, nominal dollars are deflated to year C constant 

dollars.  If N < C, nominal dollars are inflated to year C constant dollars.  If N=C, nominal and 

constant dollars are the same.  Users enter i on the Common Assumptions worksheet.  Users 

specify N when they define utility and customer costs for conservation activities.  Different N’s 

can apply to different costs. 

10.2 Real Discount Rate 

The tool uses the following equation to determine the real discount rate to use in present value 

calculations: 

i
ird

+
−

=
1

 

where d is the real discount rate, r is the nominal interest rate, and i is the assumed inflation 

rate.  Users enter r and i on the Common Assumptions worksheet. 
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10.3 Present Value 

The tool uses the following equation to calculate the present value of a stream of future costs or 

benefits: 

( )∑
+=

=
−+

=
59

,

1

Yt

Yt
Yt

tC

d
D

PV  

where PV is the present value of a stream of future costs or benefits, Y is the analysis start year, 

d is the real discount rate, and DC,t is the cost or benefit in year t expressed in constant dollars. 

10.4 Unit Costs and Benefits 

The unit cost of a conservation activity is defined to satisfy the following identity: 

( ) ( )∑∑
+=

=
−

+=

=
− +

×
≡

+

5959
,

11

Yt

Yt
Yt

t
Yt

Yt
Yt

tC

d
WU

d
D

 

where Y is the analysis start year, d is the real discount rate, DC,t is the cost of the activity in year 

t expressed in constant dollars, Wt is the water savings of the measure in year t, and U is the 

unit cost of the measure.  This identity states that the unit cost must be such that it fully recovers 

the present value cost of the conservation activity over the analysis period.  Rearranging terms 

in the above identity yields the equation the tool uses to calculate unit costs: 

( )

( )∑

∑
+=

=
−

+=

=
−

+
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U  

Unit benefits of a conservation activity are calculated in the same way. 
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11 Appendix C – Utility Revenue Requirement, 
Rate, and Bill Impacts 

This appendix provides technical information on how the Water Conservation Tracking Tool 

calculates utility revenue, water rate, and customer bill impacts. 

11.1 Utility Revenue Requirement Impacts 

The baseline annual sales revenue requirement in any year t is given by: 

=btR  ∑ ×
c

bctct SP  

where Rbt is baseline sale revenue requirement, Pct is the water rate for customer class c and 

Sbct are baseline water sales for customer class c.  Users enter Pct on the Common Assumptions 

worksheet.  Users enter Sbct on the Specify Demands worksheet. 

The present value of baseline annual utility revenue requirement is given by: 

( )
( )∑

+=

=
−+

=
59

1

Yt

Yt
Yt

bt
bt d

R
RPV  

The annualized value of baseline annual revenue requirement is given by: 

( ) ( )
( )

( )
d

d
d

RPV
RAnn bt

bt

591
11

+
−+

=  

The change in utility revenue requirement in year t is given by: 

ttt ACCR −=Δ  

where Ct is the cost of conservation measures in year t and ACt is the utility’s avoided costs in 

year t. 

 

The annual sales revenue requirement in any year t with user-specified and code-driven 

conservation water savings is given by: 
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tbtt RRR Δ+=  

The present value of annual sales revenue requirement with user-specified and code-driven 

conservation water savings is given by: 

( )
( )∑

+=

=
−+

=
59

1

Yt

Yt
Yt

t
t d

R
RPV  

The annualized value of annual sales revenue requirement with user-specified and code-driven 

conservation water savings is given by: 

( ) ( )
( )

( )
d

d
d

RPV
RAnn t

t

591
11

+
−+

=  

On the Utility Revenues and Rates worksheet, the baseline and with-conservation annualized 

sales revenue requirements are given by Ann(Rbt) and Ann(Rt), respectively.  The percentage 

change from baseline is given by 

 
( ) ( )

( )bt

btt

RAnn
RAnnRAnn −

 

11.2 Utility Water Rate Impacts 

The baseline average water rate in any year t is given by the following equation: 

 

∑ ×=
c

bctct
bt

bt SP
S

P 1
 

 

where Pbt is the average baseline water rate, Sbt is total baseline water sales, Pct is the water 

rate for customer class c, and Sbct are baseline water sales to customer class c.  Users enter Pct 

on the Common Assumptions worksheet.  Users enter Sbt and Sbct on the Specify Demands 

worksheet. 
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The average water rate in any year t with user-specified and code-driven conservation water 

savings is given by the following equation: 

( )tbtbt
t

t RSP
S

P Δ+=
1

 

where Pt is the average water rate with conservation in year t, St is total water sales with 

conservation in year t, and ∆Rt is the change in utility revenue requirement in year t. 

On the Utility Revenues and Rates worksheet, the baseline average water rate is given by 

( )
60

59

∑
+

==

Y

Yt
bt

bt

P
PAvg  

On the Utility Revenues and Rates worksheet, the with-conservation average water rate is given 

by 

( )
60

59

∑
+

==

Y

Yt
t

t

P
PAvg  

On the Utility Revenues and Rates worksheet, the percentage change from baseline is given by: 

 
( ) ( )

( )bt

btt

PAvg
PAvgPAvg −

 

11.3 Customer Bill Impacts 

The baseline average monthly bill per customer account in any year t is given by: 

t

btbt
bt A

SP
B

×
=

12
 

where Bbt is the baseline average monthly bill and At is the number of accounts in year t.  Users 

enter the number of customer accounts for the start year on the Specify Demands worksheet.  

The model grows customer accounts by the rate of population growth for all years thereafter. 

The annualized value of the baseline average customer bill is given by: 
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( ) ( )
( )

( )
d

d
d
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=  

The change in the baseline average monthly bill per customer account in any year t with user-

specified and code-driven conservation water savings is given by the following equation: 

t

t
t A

R
B

×
Δ

=Δ
12

 

The average monthly bill per customer account in any year t with user-specified and code-drive 

conservation water savings is given by: 
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The annualized value of the baseline average customer bill with user-specified and code-driven 

conservation water savings is given by: 
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On the Utility Revenues and Rates worksheet, the baseline and with-conservation annualized 

customer bills are given by Ann(Bbt) and Ann(Bt), respectively.  The percentage change from 

baseline is given by 
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12 Appendix D – Landscape Irrigation Program 
Savings 

12.1 Landscape Programs Included With Library 

The model library includes two residential landscape programs and four large landscape 

programs, as shown in the table.  Unit water savings for these activities depend on user-supplied 

service area information as well as other parameter settings.  This appendix describes how the 

model calculates water savings for these library activities, and how users can modify the model’s 

default landscape water savings assumptions. 

Sector Landscape Program 
Residential, Single Family ET Irrigation Controller Rebate Program 
Residential, Single Family Turf Replacement Program 
Non-Residential, Large Landscape Large Landscape Survey Program 
Non-Residential, Large Landscape ET Irrigation Controller Rebate Program 
Non-Residential, Large Landscape Landscape Budget Program 
Non-Residential, Large Landscape Turf Replacement Program 
 

12.2 Landscape Program Savings Calculations 

The model uses U.S. EPA’s WaterSense Water Requirements equation to calculate potential 

water savings for each of the landscape programs included in the library.  Landscape water 

requirement, in gallons per year, is given by the following equation: 

( )[ ]
u

eL C
ARKETRTMLWR ×−××=  

where 

 RTM = run-time multiplier, which equals the inverse of irrigation efficiency 

 ET = Evapotranspiration in inches per year 

 KL = Landscape coefficient for the dominant plant type 
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 Re = Effective rainfall in inches per year 

 A = Area of the hydrozone in square feet 

 Cu = Conversion factor to express LWR in gallons per year 

LWR is calculated assuming a baseline condition and then assuming the landscape program 

intervention.  Intervention water savings equals the difference between the two values.  The 

default baseline and intervention parameter values are shown in the table below. 

Landscape Water Savings – Default Model Parameters 

Landscape Intervention 
Irr. Eff. 

(%) 
ET 

(inches/yr) 
KL 

Re 

(inches/yr) 
A 

(sqft) 

Baseline General Landscape 61% 1.070xETo 0.50 PctEffxR 
Lrg LndScp: 87,120 

SF Res: 4,000 

Baseline Turf 61% 1.070xETo 0.60 PctEffxR 
Lrg LndScp: 87,120 

SF Res: 2,160 

Large Landscape Srvy 71% 1.070xETo 0.50 PctEffxR 87,120 

Large Landscape Controller 71% 1.035xETo 0.50 PctEffxR 87,120 

Large Landscape Budgets 71% 1.000xETo 0.50 PctEffxR 87,120 

Large Landscape Turf Repl. 80% 1.000xETo 0.20 PctEffxR 87,120 

SF Residential Controllers 71% 1.035xETo 0.50 PctEffxR 4,000 

SF Residential Turf Repl. 80% 1.000xETo 0.20 PctEffxR 2,160 

ETo = Reference evapotranspiration for tall grass (e.g. blue fescue). 
R = Average annual precipitation for service area in inches per year. 
PctEff = Percent of average annual rainfall that is effectively used by landscape.  This parameter 
varies according to the region selected on the Common Assumptions worksheet. 
 

The default values have been selected to closely match empirically-derived estimates of water 

savings for these types of landscape programs, as described in Appendix F – Conservation 

Activity Library. 

Users enter ETo and average annual precipitation and select the appropriate region for their 

service area on the “Common Assumptions” worksheet.  These three parameters are used by 

the model to scale the default landscape water savings to reflect regional climate. 

Percent of rainfall effectively used for plant water requirements was separately estimated for 9 

US climate regions and 6 Canadian regions.  The default percentages for each region are stored 

on the User Lists and State Variables worksheet, starting on row 74. 

In the case of the 9 US regions, the estimation procedure was as follows: 
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Step 1.  Assemble Data.  Monthly historical normal precipitation and average temperature were 

assembled from HISTORICAL CLIMATOGRAPHY SERIES NO. 4-1 and 4-2 published by the 

National Climate Data Center (NCDC).    

Step 2.   Prepare Lookup Table for Soil Type and Root Depth, Choose Values.   The average 

effective rainfall percentage was estimated from a table published in IA (2008).9  The table was 

based on methods developed by the USDA Soil Conservation Service and it estimates effective 

rainfall from historical monthly rainfall, based on soil type and root zone depth (pg 1-17  IA 

2008).   A soil type was selected with a middle-of-the road value for effective rainfall, in lieu of 

regional average soil type data.  Root dept was assumed in the 6 inch range to represent 

residential landscape including turf.  The effective rainfall percentages were applied to the 

historical monthly precipitation for each of the 9 NCDC Regions for each month. 

Step 3. Use Temperature to Define "Normal Irrigation Season".  Average monthly temperature 

was used to define normal irrigation season.  A value of 32 degrees F for average monthly 

temperature delineated between normal irrigation season and the rest of the year.  Following 

guidance in IA (2008) for planning purposes, this allowed the use of "only months of the normal 

irrigation season for calculating an annual amount of effective rainfall from monthly rainfall data."   

Step 4. Apply Upper Bound and Determine Final Result. Further, IA (2008) provides guidance 

that for planning purposes no more than 50% of monthly historical rainfall be considered 

"effective." 

A similar procedure was used for Canada.  However, the use of regional rainfall and temperature 

averages for the Canadian provinces included in the model was deemed inappropriate because 

they extend so far north and because much of the land area in the northern parts is sparsely 

populated.  Therefore, rainfall and temperature data were based on the largest population center 

in each province, as shown in the following table. 

Province Reference Population Center 
British Columbia Vancouver 
Alberta Calgary 
Saskatchewan Saskatoon 
Manitoba Winnipeg 
Ontario Toronto 
Quebec, New Brunswick, Newfoundland, 
Labrador, Nova Scotia, and Prince Edward 
Island 

Quebec 
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WARNING: If you change either the ETo or the average annual precipitation common assumptions 

after you have imported a landscape activity from the library, you will need to update the 

unit water savings for the activity to reflect the new ETo or precipitation values. 

The water savings calculations take place on the hidden worksheet “Landscape Savings 

Models.”  Default values for irrigation efficiency, landscape coefficients (KL), effective rainfall 

percentage, and landscape area are set on the worksheet “User Lists and State Variables.  

Users can modify these default assumptions to tailor the water savings estimates to their service 

area. 

WARNING: If you change any of the default landscape parameters on the “User Lists and State 

Variables” worksheet after you have imported a landscape activity from the library, you 

will need to update the unit water savings for the activity to reflect the new ETo or      

precipitation values. 

 

Note:  The water savings calculations for the landscape activities included in the model’s 
library are done on the hidden worksheet “Landscape Savings Models.”  Do not 
modify the formulas in this worksheet.  Service area ETo and average annual      
precipitation are set on the “Common Assumptions” worksheet, while default      
landscape savings parameters are set on the “User Lists and State Variables”   
worksheet. 

 

                                                                                                                                                          
9 IA (2008) Landscape Irrigation Scheduling and Water Management, Irrigation Association - Water 

Management Committee, March 2005, Page 1-17, Peer Review November 2008.   
(LISWM_Under_review.pdf) 
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13 Appendix E – Water Loss Reduction 
Comparisons 

13.1 Water Loss Reduction Savings Potential Comparison 

Programmatic water savings are compared to potential water savings of an aggressive water 

loss reduction program on the “Physical Loss Reduction Comparison” chart, located on the 

“Water Savings Summary” worksheet.  The model determines potential water savings from an 

aggressive water loss reduction program as follows: 

The user enters system water losses as a percent of total demand on the “Specify Demands” 

worksheet.  Water losses are assumed to be comprised of apparent losses and real losses, as 

shown in Figure 13-1.  As a default assumption, the model assigns 65% of total water losses to 

real losses and 35% to apparent losses.  This default assumption can be modified on the “User 

Lists and State Variables” worksheet.   

 

Figure 13-1. AWWA Standard Water Balance 

The model calculates real losses for any year t as follows: 

65.0××= WLPercentVRL tt  
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where Vt is the volume of total system demand in year t, WLPercent is the percent of total 

system demand that comprises water losses, per Figure 12-1.  The user enters values for Vt and 

WLPercent on the “Specify Demands” worksheet. 

The model assumes an aggressive water loss reduction program would, for a typical utility, 

reduce real losses by 20 to 40 percent.  The chart “Physical Loss Reduction Comparison”, 

located on the “Water Savings Summary” worksheet, shows the volume of potential water 

savings, given these assumptions.  The chart also compares this savings potential to program 

water savings from conservation activities defined in the model.  An example of the chart is 

shown in Figure 13-2. 
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Figure 13-2. Physical Loss Reduction Comparison Chart 

13.2 Water Loss Reduction Unit Cost Comparison 

The unit costs of conservation activities defined in the model are compared to the typical range 

in unit costs for an aggressive water loss reduction program.  The comparison is made in the 

“Unit Costs Sorted” chart, located on the “Utility Costs and Benefits” worksheet.  The typical 

range in unit costs for an aggressive water loss reduction program is based on the unit cost data 

shown in the table below.  The cost data are from Thornton and Sturm (2007).  The lower- and 

upper-bound unit costs equal to the 90% confidence interval around the average unit cost for 

these data.  An example of the comparison chart is shown in Figure 13-3. 
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Unit Costs for a Sample of Water Loss Control Programs 
Utility $/AF 
San Francisco PUC $439 
Nashville Water Works $318 
Los Angeles Dept. of Water and Power $347 
California Dept. of Water Resources Grant Program $658 
Las Vegas WD $464 
Large Western US Utility $318 
Orange County Utilities, FL $463 
   
Avg $430 
Max $658 
Min $318 
St Dev $120 
90% CI - Lower $341 
90% CI - Upper $518 
Source: 
Thornton, J. and R. Sturm. “Water Loss Control in North America: More 
Cost Effective Than Customer Side Conservation – Why Wouldn’t You 
Do It?!” 

 

Conservation Activities Sorted by Utility Unit Cost
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Figure 13-3. Water Loss Control Unit Cost Comparison Chart 
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14 Appendix F – Conservation Activity Library 

14.1 Introduction 

Objectives 

• Standardized, pre-defined conservation activities 

• Fully parameterized to work in model 

• Users need only enter annual amounts of conservation activity 

Notes: 

Selectivity.  To maintain a concise document, this library does not contain all possible sources 

of information relevant to the included activities.  Rather, it selectively includes studies based on 

quality of methods, saliency of results, and ready availability. 

Generalizability.  Service area characteristics are variable as are savings expected from the 

same conservation activity performed in different areas.  The values in the library are average 

values of those found in the literature.  Although these may be generally applicable to many 

service areas, readers are encouraged to assess whether they are applicable to their service 

area.  Most of the literature on landscape conservation savings included in this document 

concerns the Western U.S. 

Organization.  Each section below covers a conservation activity in the library. 

Sources.  Commonly used references for this library include: 

• American Water Works Research Foundation (2007), “Water Efficiency Programs for 

Integrated Water Management.” 

• California Urban Water Conservation Council (2005), “BMP Costs and Savings Study: A 

Guide to the Data and Methods for Cost Effectiveness Analysis of Urban Water 

Conservation Best Management Practices,” Draft Revision. 

• Vickers, A. (2001), “Handbook of Water Use and Conservation,” WaterPlow Press, 

Amherst, MA. 

• Pacific Institute (2003), “Waste Not, Want Not: The Potential For Urban Water 

Conservation in California”  
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Global Assumptions. 

• The model allows selection of the peak season start and end dates, and for each library 

entry, peak savings as a percent of annual savings.  The latter depends on the former.  

When selecting peak savings percent in this document, we assume that the peak period 

is defined as a default 6 month period from April to September. 

• Indoor savings are assumed to occur uniformly throughout the year.  For outdoor 

savings, we assume 80 percent of savings is in peak season reflecting common 

conditions in the west in moderate climates where irrigation takes place in spring, fall, 

and in some places winter.  If the activity involves ET irrigation, then we assume 70 

percent based on the evidence that much of the ET-matching derived savings occur the 

fall season. 

• Outdoor use we assume to be 60 percent of total use (59% in Residential End Uses of 

Water study) for measures that reduce water use overall in the single family residential 

sector. 

• For the Large Landscape programs, the activities assume a 2-acre site with 1 acre of 

irrigated area.  Savings are highly variable depending on local climate. 

• For the set of programs in this library, energy to heat water is assumed to be natural gas.  

If your service area is predominantly electricity for heating water, then replace kWh for 

therms (or use ratio if mixed).  The model does not at this time accommodate fuel oil 

water heating.  A DOE energy savings calculator uses .1299 kWh per gallon or .0072 

therms/gal (DOE 2006). 

• Participant Non-Water Energy Savings.   The energy savings figures are units of energy 

per total volume of water saved – adjusted for the share of total water saved that is hot 

water savings. 

• Utility fixed costs are comprised of program development, planning, and marketing.  All 

of these costs are highly variable depending on the service area and delivery mechanism 

in question.  This document provides placeholder parameters for fixed costs for program 

development, but the reader is advised to adapt these figures for their circumstances.  

Note that common factors that may influence the initial fixed costs include: 

o Whether the program is implemented by agency staff or contractor. 

o Whether contract delivery per unit or water savings performance based. 

o The need for marketing and customer education. 

o The possibility of grouping programs together in a targeted strategic portfolio that 

collectively takes advantages of scale economies in program development and 

delivery. 
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o The size of the service area in terms of number of customers and water use. 

o The history of previous programs developed—policy context. 

• For HE toilets, once a toilet is HE, the model assumes it is always HE.  It does not get 

replaced with a ULF at the end of its physical life. 

• Freeriders parameter is zero unless there is a study estimating its magnitude. 

 

Definitions.  The following definitions are consistent with the modeling framework: 

• Savings decay refers to savings diminution due to human behavior or deteriorating 

effectiveness of a device. 

• Natural rate of replacement refers to the effects of plumbing code on the replacement of 

conserving devices. 

• Savings Useful Life refers to the life span of savings from the activity.  In the presence of 

plumbing code, savings continue indefinitely because replacement fixtures are required 

to be conserving.  However, since these devices would have to be replaced eventually 

by passive conservation, their savings gets credited from active to passive over time. 
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14.2 Residential Surveys, Single Family 

 

Activity Description 
Residential home surveys include site visits by trained personnel who assess current water use 

practices, and make recommendations for efficiency improvements.  Sometimes conservation 

devices are directly installed.  The outdoor portion of the survey can range from simply a 

brochure on outdoor savings to an intensive outdoor water efficiency study (turf audit, catch can 

test, and written recommendations for irrigation scheduling or landscape changes). 

 

Unit Water Savings 
Savings from residential surveys vary widely depending on coverage and location: 

• Whitcomb (2000) estimated savings between 42 and 55 gallons per day from an 

indoor/outdoor residential survey program in Contra Costa County, California.  

• Savings from intensive home surveys targeted to high water users were estimated to 

yield 32.2 gpd per single family household (weighted average of targeted surveys in A&N 

Technical Services 1994b; Chesnutt et al 1995). 

• Savings from untargeted intensive home surveys were estimated to be 21 gpd per 

household (based on the ratio observed in A&N Technical Services 1994b). 

 

Savings decay may occur due to customer behavior and the useful life of installed devices: 

• Whitcomb (1994) estimated savings dropped from 17 to 13 percent after two years. 

• Chesnutt et al (1995) in CUWCC (2000) provide suggestive results of savings that 

decline from 29 to 15 gpd (implied decay rate of 15%). 

• CUWCC (2005) contains judgment values that range between 20 and 60 percent decay 

depending on device, and useful life judgment ranges from 1 to 10 years for various 

survey components (e.g., showerheads 3 to 7 years). 

 

Peak savings depend strongly on climate area, irrigated area, and plant type. 

• Whitcomb (2000) estimated that most of the savings was due to outdoor savings, and 

that most of the savings occurred in the spring and fall months.  

 

Freeriders are not expected because few surveys are conducted outside utility programs. 
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Utility Costs 

• Whitcomb (1994) reported the costs of residential home survey in the study as $40.75 

per survey. 

• CUWCC (2005) presents a range of $40 to $200 per survey. 

• Vickers (2001, p.20) reports the cost of a water auditor ranges from $40 to $75 per home 

depending on devices and whether single family or multi-family. 

 
Participant Costs 

• Participant costs of the survey are generally limited to participants’ time during the 

survey; although additional costs may be incurred if recommended conservation 

measures are taken. 

 

Participant Non-Water Benefits 

• On-site energy savings include reduced energy to heat water.  PG&E and PEG (1994) 

calculated energy savings of 10.3 therms or 237 kWh of energy per year from the 

replacement of old showerheads with low flow showerheads.  Other indoor water savings 

may contribute to energy savings such as faucet aerators. 

 

Plumbing Code 

• Although plumbing code applies to devices commonly installed during surveys, it is not 

applicable to surveys themselves. 
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Library Parameters Table 

Residential Surveys, Single Family 
Data Item Value Units 

Activity Name Residential Surveys, SF Surveys 
Class Residential   
Savings, Per Unit (gpy) 12373 Gallons per year 
Savings, Annual Rate of Decay (%) 20% Percent decay 

Savings, Peak Period (%) 65% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 5 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $95 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 

Utility Costs, Follow-up Variable ($/unit/yr) $0 
Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0  Dollars 
Participant Costs, Years of On-going (yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 4,949  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0024  
Therms per gallon 
saved 

Participant Savings, Electricity  (KWh/Gal) 0.0000  
Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above reflect savings from an average indoor/outdoor residential survey 
from the literature. 
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14.3 Residential Surveys, Multi-Family 

 

Activity Description 
Residential home surveys include a site visit by trained personnel who: (1) solicit information on 

current water use practices and (2) make recommendations for improvements in those practices.  

Sometimes conservation devices are directly installed.  In the multi-family sector, surveys may 

cover indoor use, outdoor landscape, pools, and washing machines. 

  

Unit Water Savings 

• By adding indoor component savings estimates in CUWCC 2005, one can construct a 

savings estimate from an indoor audit that results in one showerhead, toilet displacement 

device, and faucet aerator (11 gpd). 

• Valenzuela and Babcock (2002) report that the City of Phoenix multi-family survey 

program reduced water use as much as 75 percent.  An illustrative pre-audit calculation 

for a 475 unit multi-family site showed 813,455 ccf savings per month. 

 

Utility Costs 

• Whitcomb (1994) reported the costs of residential home survey in the study as $40.75 

per survey. 

• Perpignani, S. (2008) summarizes the cost of SFPUC surveys as $22 - $148 overall for 

636,838 single family and 465,549 multi-family surveys conducted between 1988 and 

2006. 

• Vickers (2001, p.20) reports the cost of a water auditor ranges from $40 to $75 per home 

depending on devices and whether single family or multi-family. 

 
Participant Costs 

• Participant costs of the survey are generally limited to participants’ time during the 

survey; although additional costs may be incurred if recommended conservation 

measures are taken. 

 

Participant Non-Water Benefits 

• On-site energy savings include reduced energy to heat water.  PG&E and PEG (1994) 

calculated energy savings of 10.3 therms or 237 kWh of energy per year from the 
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replacement of old showerheads with low flow showerheads.  Other indoor water savings 

may contribute to energy savings such as faucet aerators. 

 

Plumbing Code 

• Although plumbing code applies to devices commonly installed during surveys, it is not 

applicable to surveys themselves. 
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Library Parameters Table 

Residential Surveys, Multi-Family 
Data Item Value Units 

Activity Name Residential Surveys, MF Surveys 
Class Residential   
Savings, Per Unit (gpy) 10950 Gallons per year 
Savings, Annual Rate of Decay (%) 20% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 5 Years 
Savings, Participant Free Riders (%)  0% Percent of participants 
Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $50 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable ($/unit/yr) $0 Dollars per unit per year 
Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0  Dollars 
Participant Costs, Years of On-going (yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 10,950  Gallons per year 
Participant Savings, Gas  (Therms/Gal) 0.0024  Therms per gallon saved 

Participant Savings, Electricity  (KWh/Gal) 0.0000  
Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement Rate 
(%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above reflect savings from an average indoor/outdoor residential survey 
from the literature. 

 
 
 
 

 

 

 
 
 



Alliance for Water Efficiency  Water Conservation Tracking Tool v1.2  
  User Guide 

AWE Tracking Tool User Guide Copyright 2010 Alliance for Water Efficiency Page 115 of 212 

 

14.4 Residential ULF Toilet Rebates, Single Family 

 

Activity Description 
“Ultra-low-flush” (ULF) toilets are toilets that use no more than 1.6 gallons per flush.  Effective 

ULF toilets employ optimized gravity-fed design or pressure assist technologies. 

 

Conditions: Program targeted to replace 3.5+ gpf fixtures. 

 

Unit Water Savings 
Savings depends on the stock of toilets being replaced among other factors: 

• Rigorous methods were used to estimate savings of 28 gallons per day per ULF toilet in 

Los Angeles and Santa Monica, California (A&N Technical Services 1992a). 

• A&N Technical Services (2001) found savings of 21.8 gallons per day per toilet 

replacement, which corresponds to a 10.6 percent reduction in total consumption. 

• CUWCC (2005) provides a method to estimate ULF toilet savings based on persons per 

household which can be used to estimate savings nationwide or in your service area: 

 

Savings = 6.693 * Persons_Dwelling ‐ 0.529 * (Persons_Dwelling)^2 + 7.826 

 

• Savings decay—although rarely estimated in empirical studies--has not been detected: 

• Water Resources Research Center (2000) used data logging to follow up on 7-year-old 

ULF toilets installed in the early 1990s.  57 percent had no detectable problem, while 

others experienced high flush volumes, double flushing, and flapper leaks.   

• Canada Mortgage and Housing Corporation (2003) demonstrate that high flush volumes 

exist in new ULF toilets.  Thus, high flush volumes in old toilets may not be due to decay 

in performance over time.  Further, double flushing and flapper leaks are not unique to 

low flush toilets. 

• Canada Mortgage and Housing Corporation (2001) report that 50 percent of 6-liter toilets 

tested had a flow rate greater than 6 liters. 

• NAHB (2002) report the results of performance testing of ULF toilet fixtures.  The study 

shows that there is an important difference in the performance characteristics between 

various toilet models. 
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• Veritec Consulting and J. Koeller (2003, 2004) report the results of performance testing 

of a wide range of ULF toilets.  Of the 44 “off the shelf” toilet models tested, only 24 met 

the 250 gram performance benchmark.  Of the 24, 11 met a 500-gram test. 

• Peak period savings are not expected to be larger than off peak periods. 

• Freeriders effects were estimated by Stratus Consulting (2002) in four service territories 

that included rebate, voucher, and free installation programs.  The results show 

freeriders from the rebate programs of Contra Costa Water District, and Municipal Water 

District of Southern California to be 60.1% and 62.5% respectively. Freeriders were 

44.9% for the voucher program by the San Diego County Water Authority, and 31.7% for 

the free distribution program by the Los Angeles Department of Water and Power. 

 

Utility Costs 

• Utility costs depend on delivery mechanisms such as rebates, direct installation, or give 

away: 

• Santa Monica (1989 and 1992) reported that retail toilet purchase costs were $130 and 

the City of Santa Monica BAYSAVER Phase II Proposal reports that ULF toilet prices 

were falling and available for as low as $100.  Bulk purchases were made at 

approximately $60 per toilet for their direct installation program. 

• Costs for rebate administration by a contractor were estimated to be $30 per rebate in a 

recent conservation plan (A&N Technical Services 2008).  

 
Participant Costs 

• A&N Technical Services (1995) determined typical single family installation costs were 

$50, toilet costs were $130, and rebates received were $100. 
 

Participant Non-Water Benefits 

• Sewer volume savings are expected to be equal to water savings. 

• Energy savings are not expected for participant. 

 

Plumbing Code 

• The 1992 National Energy Policy Act (EPAct) set maximum allowed water use for toilets 

of 1.6 gallons per flush effective January 1, 1994.  Some states established standards 

earlier (e.g., Massachusetts and California).  Effective date was January 1, 1997 for 

commercial toilets in certain exception categories related to public health and safety.  

(Vickers 2001 and EPAct 1992). 
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• A commonly used rate of natural replacement is 4 percent (e.g., Koeller & Company 

2005). 
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Library Parameters Table 

Residential ULF Toilet Rebates, Single Family 
Data Item Value Units 

Activity Name Residential ULF Toilets, SF Surveys 
Class Residential   

Savings, Per Unit (gpy) 
Depends on User Inputs (8448 is 
default)  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) na Years 

Savings, Participant Free Riders (%)  23% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $150 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $100  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 

Participant Savings, Sewer  (gpy) 
Depends on User Inputs (8448 is 
default)  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 1994 Year 

Plumbing Code, Unit Savings (gpy) 
Depends on User Inputs (8448 is 
default)  Gallons per year 

Plumbing Code, Natural Replacement 
Rate (%) 4.0% 

Percent per year 
replaced 

Notes: Parameters above reflect savings from a rebate program with savings based on 
persons per household as described in the literature. 
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14.5 Residential ULF Toilet Rebates, Multi-Family 

 

Activity Description 
“Ultra-low-flush” (ULF) toilets are toilets that use no more than 1.6 gallons per flush.  Effective 

ULF toilets employ optimized gravity-fed design or pressure assist technologies. 

 

Conditions: Program targeted to replace 3.5+ gpf fixtures. 

 

Unit Water Savings 

• Savings from ULF toilets can vary depending on household density and toilets per unit: 

• Veritec/CMHC (2002) reports savings due to ULF toilets in an apartment building of 96 

liters per day at 11 flushes per day compared to existing toilets (25 gpd). 

• Statistical evaluation methods were used to estimate multi-family savings of 44 gallons 

per day per ULF toilet in Los Angeles and Santa Monica, California (A&N Technical 

Services 1992a). 

• A&N Technical Services 1994b estimate savings from multi-family ULF toilet 

replacement as 40.3 gpd overall, 44 gpd when one toilet is replaced, and 34 gpd when 

two toilets are replaced. 

• CUWCC (2005) provides a method to estimate ULF toilet savings based on persons per 

household:  

 

Savings = 19.138 * Persons_Unit ‐ 0.942 * (Persons_Unit)^2 + 2.181 

 

• Savings decay is not expected for reasons that would not otherwise occur with non-ULF 

toilets (double flushing, flush volume, and flapper leaks).  See savings section above for 

single family. 

• Peak period savings are not expected to be larger than off peak periods. 

• Freeriders effects were distinguished from “unknown” and “participants with multiyear 

savings” for multi-family sites in Dickinson and Whitcomb (2004).  Freeriders from Los 

Angeles Department of Water and Power’s free distribution program were 17.1 percent 

and for the Municipal Water District of Orange County’s free distribution program were 

20.6 percent. 
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Utility Costs 

• Utility costs depend on delivery mechanisms such as rebates, direct installation, or give 

away: 

• Santa Monica (1989 and 1992) reported that retail toilet purchase costs were $130 and 

the City of Santa Monica BAYSAVER Phase II Proposal reports that ULF toilet prices 

were falling and available for as low as $100.  Bulk purchases were made at 

approximately $60 per toilet for their direct installation program. 

• Costs for rebate administration by a contractor were estimated to be $30 per rebate in a 

recent conservation plan (A&N Technical Services 2008).  

 
Participant Costs 

• A&N Technical Services (1995) determined typical multi-family installation costs were 

$25, toilet costs were $100, and rebates received were $75. 
 

Participant Non-Water Benefits 

• Sewer volume savings are expected to be equal to water savings. 

• Energy savings are not expected for participant. 

 

Plumbing Code 

• The 1992 National Energy Policy Act (EPAct) set maximum allowed water use for toilets 

of 1.6 gallons per flush effective January 1, 1994.  Some states established standards 

earlier (e.g., Massachusetts and California).  Effective date was January 1, 1997 for 

commercial toilets in certain exception categories related to public health and safety.  

(Vickers 2001 and EPAct 1992). 

• A commonly used rate of natural replacement is 4 percent (e.g., Koeller & Company 

2005). 
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Library Parameters Table 

Residential ULF Toilet Rebates, Multi-Family 
Data Item Value Units 

Activity Name Residential ULF Toilets, MF Surveys 
Class Residential   

Savings, Per Unit (gpy) 
Depends on User Inputs (12827 
is default)  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) na Years 

Savings, Participant Free Riders (%)  23% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $150 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $100  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 

Participant Savings, Sewer  (gpy) 
Depends on User Inputs (12827 
is default)  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 1994 Year 

Plumbing Code, Unit Savings (gpy) 
Depends on User Inputs (12827 
is default)  Gallons per year 

Plumbing Code, Natural Replacement 
Rate (%) 4.0% 

Percent per year 
replaced 

Notes: Parameters above reflect savings from a rebate program with savings based on 
persons per household as described in the literature. 
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14.6 Residential HE Toilet Rebates, Single Family 

 

Activity Description 
“High-efficiency” toilets (HET) are defined as those with flush volumes 1.28 gpf or better. 

This section covers a variety of toilet technologies including dual-flush, pressure-assist, as well 

as redesigned gravity fed toilets. 

 

Conditions: Program targeted to replace 3.5+ gpf fixtures. 

 

Unit Water Savings 

• Koeller (2003) extracts flush-volume results from five recent studies of single family 

HETs: 

• Veritec/CMHC (2002) report dual-flush toilets reduced consumption by 23 to 32 percent 

more than 1.6 gpf toilets. Flush volume before was 3.72 gpf and flush volume after was 

1.11 gpf for dual-flush residential replacements. 

• Aquacraft/Seattle (2000) found flush volume before was 3.61 gpf and flush volume after 

was 1.25 gpf for dual-flush residential replacements. 

• Aquacraft/Oakland (2003) found flush volume before was 3.88 gpf and flush volume after 

was 1.34 gpf for dual-flush residential replacements. 

• PNNL/Oregon (2001) found flush volume before was 3.9 gpf and flush volume after was 

1.28 gpf for dual-flush residential replacements. 

• Jordan Valley, Utah (2003) found flush volume before was 4.16 gpf and flush volume 

after was 1.2 gpf for dual-flush residential replacements.  Mohadjer (2004) reports 26.8 

gallons per day from the Caroma dual-flush.  The Gerber ULF toilet saved 19.8 gallons 

per day. 

• To get savings per toilet, water use before and after is calculated for each of the first four 

studies cited above using 10 flushes per day as in CMHC (2002). 

• Savings decay is not expected for reasons that would not otherwise occur with non-ULF 

toilets (double flushing, flush volume, and flapper leaks).  See section above on ULF 

toilets. Peak period savings are not expected to be larger than off peak periods. 

Freeriders are not expected to be different than ULF toilets.  See section above on ULF 

toilets. 
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Utility Costs 
Costs depend on the program design (rebate, direct install, give away, etc.): 

• Koeller (2005) reports current prices for HE toilets purchased in bulk by water agencies 

range from $150 to $300, depending not only on type of toilet but also on market 

conditions.  Increasing competition from various manufacturers has resulted in declining 

prices of HE toilets.  With $50 implementation and administration cost, total costs are 

$200 without installation. 

• The average of rebates cited in (CUWCC 2008) is $130 for single family residential. 

• Rosas (2006) reports the program cost for delivery, installation, removal and recycling of 

old toilet, new angle stop, supply line, toilet seat, showerhead and faucet aerators, and 

one year call-back service: Cost per unit, pressure-assist - $242 per fixture; gravity - 

$154 per fixture. 

 
Participant Costs 

• Koeller (2005) reports that customers pay $200 for a toilet that water agencies can 

purchase for $150. 

 

Participant Non-Water Benefits 

• Sewer volume savings are expected to be equal to water savings. 

• Energy savings are not expected for participant. 

 

Plumbing Code 

• California Assembly Bill 715 requires that toilets sold or installed be HE toilets as of 

January 1, 2014.  It also includes transition requirements for manufacturers to ramp the 

percentage of models offered for sale starting in 2010.  (CUWCC 2007). 

• A commonly used rate of natural replacement is 4 percent (e.g., Koeller & Company 

2005). 
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Library Parameters Table 

Residential HE Toilet Rebates, Single Family 
Data Item Value Units 

Activity Name Residential HE Toilets, SF Surveys 
Class Residential   
Savings, Per Unit (gpy) 1.23 x ULFT savings  Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) na Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $180 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $120  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 1.23 x ULFT savings  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 2014 Year 
Plumbing Code, Unit Savings (gpy) 1.23 x ULFT savings  Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 4.0% 

Percent per year 
replaced 

Notes: Parameters above reflect savings from a rebate program with savings based on 
persons per household as described in the literature. 
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14.7 Residential HE Toilet Rebates, Multi-Family 

 

Activity Description 
“High-efficiency” toilets (HET) are defined as those with flush volumes 1.28 gpf or better. 

This section covers a variety of toilet technologies including dual-flush, pressure-assist, as well 

as redesigned gravity fed toilets. 

 

Conditions: Program targeted to replace 3.5+ gpf fixtures. 

 

Unit Water Savings 
Savings from HE toilets depend considerably on the efficiency of the toilets they replace: 

• Veritec/CMHC (2002) reports savings due to HE toilets in an apartment building of 124 

liters per day with 11 flushes per day compared to existing toilets (33 gpd), and 28 liters 

per day if replacing a ULF toilet (7 gpd). 

• MWDSC (2008) states HE toilets expected savings are 38 gpd when replacing an 

“average, non-efficient toilet” and 7 gpd when replacing ULF toilets in multi-family 

settings.  

• Savings decay is not expected for reasons that would not otherwise occur with non-ULF 

toilets (double flushing, flush volume, and flapper leaks).  See savings section above for 

single family. 

• Peak period savings are not expected to be larger than off peak periods. 

• Freeriders are not expected to be different than ULF toilets.  See section above on ULF 

toilets. 

 

Utility Costs 
Costs depend on the program design (rebate, direct install, give away, etc.): 

• Koeller (2005) reports current prices for HE toilets purchased in bulk by water agencies 

range from $150 to $300, depending not only on type of toilet but also on market 

conditions.  Increasing competition from various manufacturers has resulted in declining 

prices of HE toilets.  With $50 implementation and administration cost, total costs are 

$200 without installation. 

• The average of rebates cited in (CUWCC 2008) is $130 for single family residential. 
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• Rosas (2006) reports the program cost for delivery, installation, removal and recycling of 

old toilet, new angle stop, supply line, toilet seat, showerhead and faucet aerators, and 

one year call-back service: Cost per unit, pressure-assist - $242 per fixture; gravity - 

$154 per fixture. 

 
Participant Costs 

• Koeller (2005) reports that customers pay $200 for a toilet that water agencies can 

purchase for $150. 

 

Participant Non-Water Benefits 

• Sewer volume savings are expected to be equal to water savings. 

• Energy savings are not expected for participant. 

 

Plumbing Code 

• California Assembly Bill 715 requires that toilets sold or installed be HE toilets as of 

January 1, 2014.  It also includes transition requirements for manufacturers to ramp the 

percentage of models offered for sale starting in 2010. (CUWCC 2007). 

• A commonly used rate of natural replacement is 4 percent (e.g., Koeller & Company 

2005). 
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Library Parameters Table 

Residential HE Toilet Rebates, Multi-Family 
Data Item Value Units 

Activity Name Residential HE Toilets, MF Surveys 
Class Residential   
Savings, Per Unit (gpy) 1.23 x ULFT savings  Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) na Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $180 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $120  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 1.23 x ULFT savings  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 2014 Year 
Plumbing Code, Unit Savings (gpy) 1.23 x ULFT savings  Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 4.0% 

Percent per year 
replaced 

Notes: Parameters above reflect savings from a rebate program with savings based on 
persons per household as described in the literature. 
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14.8 Residential HE Toilet Direct Installation, Multi-Family 

 

Activity Description 
“High-efficiency” toilets (HET) are defined as those with flush volumes 1.3 gpf or better. 

This section covers a variety of toilet technologies including dual-flush, pressure-assist, as well 

as redesigned gravity fed toilets. 

 

Conditions: Program targeted to replace 3.5+ gpf fixtures. EPA Watersense labeled toilets are 

high-efficiency toilets independently certified to meet 1.28 gallons per flush and to meet 

performance standards (EPA 2009). 

 

This activity includes direct installation programs in contrast to the rebate programs in the 

previously described activity.  Direct installation programs are distinguished by supplier or 

contractor of supplier purchasing and installing the device with no cost to the customer.  The 

multi-family sector is a likely candidate for direct install programs because of high population 

density and low income. 

 

Unit Water Savings 
Savings from HE toilets depend considerably on the efficiency of the toilets they replace: 

• Veritech/CMHC (2002) reports savings due to HE toilets in an apartment building of 124 
liters per day with 11 flushes per day compared to existing toilets (33 gpd), and 28 liters 
per day if replacing a ULF toilet (7 gpd). 

• MWDSC (2008) states HE toilets expected savings are 38 gpd when replacing an “aver-
age, non-efficient toilet” and 7 gpd when replacing ULF toilets in multi-family settings.  

 

Savings decay is not expected for reasons that would not otherwise occur with non-ULF toilets 

(double flushing, flush volume, and flapper leaks).  See savings section above for single family. 

 

Peak period savings are not expected to be larger than off peak periods. 

 

Free riders are not expected to be different than ULF toilets.  See section above on ULF toilets. 

 

Generally, we do not expect savings to be different for direct install programs than for rebate 

programs unless they are targeted at different market segments. 
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Utility Costs 
Costs depend on the program design (rebate, direct install, give away, etc.): 

• Koeller (2005) reports current prices for HE toilets purchased in bulk by water agencies 
range from $150 to $300, depending not only on type of toilet but also on market condi-
tions.  Increasing competition from various manufacturers has resulted in declining prices 
of HE toilets.  With $50 implementation and administration cost, total costs are $200 
without installation. 

• The average of rebates cited in (CUWCC 2008) is $130 for single family residential. 
• Rosas (2006) reports the program cost for delivery, installation, removal and recycling of 

old toilet, new angle stop, supply line, toilet seat, showerhead and faucet aerators, and 
one year call-back service: Cost per unit, pressure-assist - $242 per fixture; gravity - 
$154 per fixture. 

 
Costs may be different for direct installation programs for several reasons.  Bulk purchasing by 

the supplier of fixtures and contracting services can result in lower costs compared to an 

individual customer.  The costs are borne entirely by the supplier and co-funding partners. 

 
Participant Costs 

• Koeller (2005) reports that customers pay $200 for a toilet that water agencies can pur-
chase for $150. 

 

Cost of the fixture and installation is generally zero to the customer aside from incidental costs of 

the customer’s time. 

 

Participant Non-Water Benefits 

• Sewer volume savings are expected to be equal to water savings. 
• Energy savings are not expected for participant. 

 

Plumbing Code 
California Assembly Bill 217 requires that toilets sold or installed be HE toilets as of January 1, 

2014.  It also includes transition requirements for manufacturers to ramp the percentage of 

models offered for sale starting in 2010. (CUWCC 2007). 

 

A commonly used rate of natural replacement is 4 percent (e.g., Koeller & Company 2005). 
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Library Parameters Table 
 

Residential HE Toilet Direct Install, Multi‐Family

Data Item  Value Units

Activity Name  Residential HE Toilets, MF Surveys 

Class  Residential   

Savings, Per Unit (gpy)  Calculated from pph Gallons per year

Savings, Annual Rate of Decay (%)  0% Percent decay 

Savings, Peak Period (%)  50% 

Percent of annual 

savings 

Savings, Useful Life (yrs)  Na Years 

Savings, Participant Free Riders (%)  0% Percent of participants

Utility Costs, Year Denominated  2008 Year 

Utility Costs, Initial Fixed ($)  $10,000 Dollars 

Utility Costs, Initial Variable ($/unit)  $300 Dollars 

Utility Costs, Years of Follow‐up  (yrs)  0  Years 

Utility Costs, Follow‐up Fixed ($/yr)  $0 Dollars per year

Utility Costs, Follow‐up Variable ($/unit/yr)  $0 

Dollars per unit per 

year 

Participant Costs, Year Denominated  2008 Year 

Participant Costs, Initial ($)  $0  Dollars 

Participant Costs, Years of On‐going (yrs) 0  Years 

Participant Costs, On‐going ($/Yr)  $0  Dollars per year

Participant Savings, Sewer  (gpy)  14,150  Gallons per year

Participant Savings, Gas  (Therms/Gal)  0.0000 

Therms per gallon 

saved 

Participant Savings, Electricity  (KWh/Gal)  0.0000 

Kilowatt hrs per gal 

saved 

Plumbing Code, Year Effective  2014 Year 

Plumbing Code, Unit Savings (gpy)  14150 Gallons per year

Plumbing Code, Natural Replacement Rate 

(%)  4.0% 

Percent per year 

replaced 

Notes: Parameters above reflect savings from a program with savings based on persons per 
household as described in the literature. 
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14.9 Residential LF Showerhead Distribution, Single Family 

 

Activity Description 
Low flow (LF) showerheads are showerheads rated at 2.5 gallons per minute (gpm) or less (at 

pressure levels up to 80 psi. 

 

Unit Water Savings 
Savings depends on the probability of installation and the existing fixtures replaced, which 

depend in part on the method of distribution (e.g., “hang and pray” or direct installation): 

• Chesnutt et al. (1995) estimated savings of 5.8 gpd per showerhead in single family 

homes. 

• A&N Technical Services (1995a) estimated savings of 5.5 gpd per showerhead in single 

family homes. 

• Field studies of retrofit kit distributions in Irvine (A&N Technical Services 1992d) and Los 

Angeles (A&N Technical Services 1991) have found initial installation probabilities that 

range from 49 percent to 59 percent. Direct install programs allow a direct count of the 

number of installed showerheads. 

• MWDSC and MWDOC (2002) report the results of an extensive study of the saturation of 

conservation devices in Orange County.  The study found that county-wide saturation 

rate of low flow showerheads in single family housing is 60 percent. 

• Aquacraft (2003) found that the flow rate (gpm) decreased and duration of showers 

decreased slightly after retrofit, but frequency of showers increased producing the result 

of 1.3 per capita day savings (not statistically significant) even though the water use per 

shower decreased by 3 gallons.  The authors report that flow rates decreased by .19 

gpm even though most of the retrofit sites had low flow showerheads before the retrofit 

and averaged 2.0 gpm. 

• Savings decay depends in part on retention of low flow fixtures. A&N Technical Services 

(1991 and 1992d) found not all showerheads that are replaced are retained.  The studies 

found that 7-9 percent of installed LF showerheads were later removed. 

• Peak period savings are not expected to be larger than off peak periods. 

• Freeriders.  Aquacraft (2003) noted that most of the households pre-retrofit had low flow 

showerheads, leading to the conclusion of a high rate of freeriders.  The higher the 

saturation rate, the higher probability of freeriders. 
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Utility Costs 
 

Participant Costs 
 

 

Participant Non-Water Benefits 

• Sewer volume savings are expected to be equal to water savings. 

• Aquacraft (2003) found 60 percent of water used for showers was hot water. 

• FlexYourPower.com (2008a) states that a typical shower is 73 percent hot water. 

• DOE energy savings calculator uses .1299 kWh per gallon or .0072 therms/gal. 

 

Plumbing Code 

• The Federal Energy Policy Act if 1992 (EPAct) set nationwide limits for showerheads to a 

maximum of 2.5 GPM at 80 psi or 2.2 gpm at 60 psi effective January 1, 1994. Some 

states required water efficient showers earlier (e.g., California).  (Vickers 2001 and 

EPAct 1992). 
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Library Parameters Table 

Residential LF Showerhead Distribution, Single Family 
Data Item Value Units 

Activity Name 
Residential LF Showerhead, 
SF Surveys 

Class Residential   
Savings, Per Unit (gpy) 2062 Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) na Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $5 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 2,062  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0048  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 1994 Year 
Plumbing Code, Unit Savings (gpy) 2062 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 12.0% 

Percent per year 
replaced 
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14.10 Residential LF Showerhead Distribution, Multi-Family 

 
Activity Description 
Low flow (LF) showerheads are showerheads rated at 2.5 gallons per minute (gpm) or less (at 

pressure levels up to 80 psi).  

 

Unit Water Savings 
Savings depends on the probability of installation and the existing fixtures replaced, which 

depend in part on the method of distribution (e.g., “hang and pray” or direct installation): 

• Veritec/CMHC (2002) reports savings due to low flow showerheads in an apartment 

building of 47 liters per day (12 gpd). 

• Chesnutt et al. (1995a) estimated savings of 5.2 gpd per showerhead in multi-family 

units. 

• MWDSC and MWDOC (2002) report the results of an extensive study of the saturation of 

conservation devices in Orange County.  The study found that county-wide saturation 

rate of low flow showerheads in single family housing is 67 percent. 

  

• Savings decay depends in part on retention of low flow fixtures -- assume same as single 

family. 

• Peak period savings are not expected to be larger than off peak periods. 

• Freeriders are expected to be high when the exiting saturation rate of devices is high. 

 

Utility Costs 
 
Participant Costs 
 

Participant Non-Water Benefits 

• Sewer volume savings are expected to be equal to water savings. 

• Aquacraft (2003) found 60 percent of water used for showers was hot water. 

• FlexYourPower.com (2008a) states that a typical shower is 73 percent hot water. 

• DOE energy savings calculator uses .1299 kWh per gallon or .0072 therms/gal. 
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Plumbing Code 

• The Federal Energy Policy Act if 1992 (EPAct) set nationwide limits for showerheads to a 

maximum of 2.5 GPM at 80 psi or 2.2 gpm at 60 psi effective January 1, 1994. Some 

states required water efficient showers earlier (e.g., California).  (Vickers 2001 and 

EPAct 1992). 
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Library Parameters Table 

Residential LF Showerhead Distribution, Multi-Family 
Data Item Value Units 

Activity Name 
Residential LF Showerhead, 
MF Surveys 

Class Residential   
Savings, Per Unit (gpy) 1898 Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) na Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $5 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 1,898  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0048  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 1994 Year 
Plumbing Code, Unit Savings (gpy) 1898 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 12.0% 

Percent per year 
replaced 

Notes: Parameters above reflect savings from a showerhead give away program with savings 
based on typical results in the literature. 
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14.11 Residential HE Washer Rebates, Single Family 

 

Activity Description 
High efficiency washing machines (HE washers) are those designed to save energy and water.  

The efficiency of HE washers is measured by a “water factor” which indicates the water needed 

to wash a cubic foot of laundry. 

 

Unit Water Savings 

• The High Efficiency Laundry Metering & Marketing Analysis project (THELMA 1997) was 

comprised of lab testing and field testing. Mitchell (1998) estimated mean savings of 

5,085.6 gallons per year from THELMA data. 

• Oak Ridge National Laboratory conducted a field study of high efficiency washers for the 

U.S. Department of Energy (Oak Ridge National Lab 1998).  Savings were estimated to 

be 37.8 percent. 

• CEE (2004, 2002) estimated the savings potential from high efficiency washers 

promoted in its Residential Clothes Washer Initiative to be up to 59%, or equivalently, up 

to 9,000 gallons annually per machine. 

• The SWEEP study reported 15.2 gallons saved per cycle [PNNL 2001]. 

• The Tampa Water Department study conducted by Aquacraft found a 46.8 percent 

decrease in water use in clothes washers (Aquacraft 2004, Table 3.3). 

• The East Bay Municipal Utilities District study conducted by Aquacraft found a 36.7 

percent decrease in water for clothes washers (Aquacraft 2003, Table 4.6). 

• The Seattle Home Water Conservation Study conducted by Aquacraft found 37.7 

percent water savings for high efficiency washers (Aquacraft 2000). 

• CUWCC (2004) used a value of 1,170 gallons of water savings per year per water factor 

increment “derived on CEC savings estimates.” 

• The Boston Washer Study found savings of 41 percent in terms of gallons of water used 

per pound of laundry (ORNL 2003).  This study was conducted in a building of 

condominiums, which most often is considered a multi-family setting. 

• Savings decay is not expected from HE washers. 

• Peak period savings are not expected to be larger than off peak periods. 

• Freeriders are expected, but we have not found research estimates. 
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Utility Costs 

• Utility costs include rebate costs, administration, contractors, and marketing. 

 

Participant Costs 

• Participant costs include the difference in cost for high efficiency machine, less rebate.   

• THELMA (1997) reports the incremental cost of high efficiency washers is $400 more 

than comparable conventional washers. 

• Consumer Reports (1998) collected retail price data on the major front-loading and top-

loading models of washing machines available in the U.S.  The cost range for front-

loading machines was between $700 and $1,600, and for top loaders, the range was 

between $300 and $600. 

• The CEC staff report on residential appliance efficiency (CEC 2003) used a value of $66 

for the incremental cost of an 8.5 water factor machine and $130 for a 6.0 water factor 

machine. 

• The U.S. EPA and DOE (2004) report that the typical price premium for an Energy Star 

certified washing machine is $300.  Not all energy star rated machines are considered 

high efficiency in terms of their water use. 

 

Participant Non-Water Benefits 

• THELMA (1997) reports a typical customer would save between $43 and $106 per year 

in energy, water, and wastewater costs.  

 

Plumbing Code 

• The California Energy Commission approved water efficiency standards for 6 WF by 

2010; however, the U.S. Department of Energy has not approved the exemption under 

the 1992 Federal Energy Policy Act. 
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Library Parameters Table 

Residential HE Clothes Washer Rebates, Single Family 
Data Item Value Units 

Activity Name Residential HE Washer, SF Surveys 
Class Residential   
Savings, Per Unit (gpy) 7043 Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 12 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $200 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $300  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 7,043  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0035  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0036  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above reflect savings from a washer rebate that covers the additional 
increment of cost for an HE washer compared to conventional, and savings based on typical 
results in the literature. 
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14.12 Residential HE Washer Rebates, Multi-Family 

 

Activity Description 
High efficiency washing machines (HE washers) are those designed to save energy and water.  

The efficiency of HE washers is measured by a “water factor” which indicates the water needed 

to wash a cubic foot of laundry.  This activity covers HE washers in common areas of multi-

family residential buildings (e.g., apartments with laundry rooms down the hall or in the 

basement.)  The equipment refers to commercial grade machines that are shared among 

occupants.  It does not cover washing machines in individual apartments. 

  

Unit Water Savings 

• Battelle PNL (2000) reports 18,070 and 16,780 gallons per year savings for 2.2 cycles 

per day for the two H-axis washer models in the study. 

• Fox (2003) reports that commercial HE washers reduce water use by 21,000 gallons per 

year. 

• Cal-UCONS (2008) metered hot water only per cycle and found an average of 6.8 

gallons savings per cycle at one property and 5.9 gallons savings at the another 

property.  The study did not track cold water, machine settings, or weight/volume of 

laundry cleaned. 

• FEMP (2000) reports that savings on average for machines that were utilized 6.4 cycles 

per day for a year were 38,780 gallons per machine. 

• CMHC (2002) report that high efficiency washers in a multi-residential setting showed 

water savings of 45% per cycle and 62% per cycle for hot water.   

 

Savings decay is not expected from HE washers.  Life span estimates vary: 

• Fox (2003) use a 7 year life for a worked example. 

• Battelle PNL (2000) used a 13 year washer life span in their cost benefit analysis. 

• FEMP (2000) used a 5 year washer life span in their cost benefit analysis. 

• Peak period savings are not expected to be larger than off peak periods. 

• Freeriders are expected, but we have not found research estimates. 

 

Utility Costs 
Utility costs include rebate costs, administration, contractors, and marketing. 
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• Battelle PNL (2000) reports that the utility expected to pay a $250 rebate per washer. 

• Fox (2003) reports that typical rebates in the LightWash Program were $400. 

• CMHC (2002) report that costs were $52,600 for the machines and $20,500 for 

promotion, tenant education, and data acquisition for the evaluation.  Although not stated 

by the authors, we infer 36 of the total 39 existing machines were replaced, for a direct 

installation cost of $1,461 per machine.  The incremental cost of the HE washers was 

estimated as $500. 

 

Participant Costs 
Participant costs include the difference in cost for high efficiency machine, less rebate.   

• Fox (2003) reports that average cost of HE commercial washer is $1200, typical rebates 

in the LightWash Program were $400, average cost of non-HE washers is $600, so net 

cost to participant is $200 more than a conventional washer. 

• Battelle PNL (2000) reports the cost of a new Maytag in the study would be $1500 retail, 

minus $250 rebate, and that a comparable base model would cost $610. 

 

Participant Non-Water Benefits 

• Battelle PNL (2000) reports 923 kWh/year and 931 kWh electricity savings respectively 

for the two H-axis washer models in the study including hot water and washer motors at 

2.2 cycles per day (not including dryer savings). 

• Fox (2003) reports that commercial HE washers reduce energy to heat water by 50 

percent or more, and that lifetime energy savings are $36, water/sewer savings are $54 

per year. 

• CMHC (2002) report that energy savings from reduction of hot water were 1.66 kWh per 

cycle.  

 

Plumbing Code 

• The California Energy Commission approved water efficiency standards for 6 WF by 

2010 for residential washers; however, the U.S. Department of Energy has not approved 

the exemption under the 1992 Federal Energy Policy Act. For commercial washers, CEC 

has adopted a 9.5 WF standard which is in effect (CUWCC 2008). 
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Library Parameters Table 

Residential HE Clothes Washer Rebates, Multi-Family 
Data Item Value Units 

Activity Name Residential HE Washer, MF Surveys 
Class Residential   
Savings, Per Unit (gpy) 25310 Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 8 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $370 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $420  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 25,310  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0035  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0036  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above reflect savings from a washer rebate that covers the additional 
increment of cost for an HE washer compared to conventional, and savings based on typical 
results in the literature. 
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14.13 Residential Irrigation Controller Rebates, Single 

Family 

 

Activity Description 
This section covers technologies that automatically adjust irrigation controllers according to the 

needs of the landscape.  The class of technology included in this activity adjusts schedules 

according to real time measures of evapotranspiration (ETo) by sending a signal by satellite 

pager technology (CUWCC 2003b) or telephone line. (Another class adjusts irrigation controllers 

based on historical weather data, current temperature, rainfall, soil moisture, and/or solar 

sensors without a telecommunication link). 

 

Unit Water Savings 

• IRWD (2001) found that broadcast signal ET controllers reduced outdoor water 

consumption by 37 gallons per household per day (equivalent to a 16 percent reduction 

in outdoor consumption). 

• Bamezai (2001) reports the results of an analysis of savings in the second year following 

the retrofit with ET controllers described in IRWD (2001).  Water savings for the entire 

household was 8.2 percent in the second post-retrofit year, compared to 7.2 percent in 

the first year.   

• Aquacraft (2001) reports that of the 10 sites included in their study, savings averaged 

26,000 gallons per year per site; savings from the 5 largest-saving sites were 68,000 

gallons per site.  As a group, water application by the controllers was 94 percent of ETo 

(28 inches of water).   

• Aquacraft (2003) reported that seven sites applied, as a group, 71% of ETo over an 

entire irrigation season, saving an average of 35,000 gallons per site compared to their 

historical use. 

• Metropolitan Water District of Southern California (2004) concludes that ET controllers 

do a better job at matching water needs than manually adjusted controllers.  In addition, 

the study concludes that some manual adjustment is likely to be needed to account for 

appearance, runoff, or special weather conditions. 

• Benefits also derive from reduced runoff (Ash 2002). 

• Savings are not expected to decay from the controller itself, although savings that 

accompany the controller from sprinkler heads are likely to decay over time without 
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regular maintenance.  IRWD (2001) states that ET controllers’ expected life is 10-15 

years. 

 

Utility Costs 

• IRWD (2001) states that ET controllers are expected to cost $100 per unit to purchase 

and $75 to install. 

• Aquacraft (2001) reports that installations of the ET controllers took between 2.25 and 

4 hours per site.  The installation process included detailed hydro zone measurement 

and setting the ET controller accordingly.  Some sites included moisture sensors. 

• Jordan, Lang, and Gonzales (2004) report that successful installations of ET controllers 

require site visits that include an irrigation system check, determination of specific 

precipitation rate for the site, collecting data to program the controller, troubleshooting, 

and a customer briefing with a “to do” list.  These on-site activities required 2 people 2 to 

4 hours to complete per site.  Installation of the controller took place separately by a 

contractor for $150 per site.  

 
Participant Costs 

• IRWD (2001) states the monthly signal fee is $4 and the expected life is 10-15 years. 

 

Participant Non-Water Benefits 

• Reduced damage to hardscape. 

 

Plumbing Code 

• No water use limitation. 
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Library Parameters Table 

Residential Irrigation Controller Rebate, Single Family 
Data Item Value Units 

Activity Name 
Residential Irrigation 
Controller, SF Surveys 

Class Residential   

Savings, Per Unit (gpy) 
Depends on User Inputs for 
rainfall, ET, and region  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 70% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 10 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $400 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $100  Dollars 
Participant Costs, Years of On-going 
(yrs) 10  Years 
Participant Costs, On-going ($/Yr) $138  Dollars per year 
Participant Savings, Sewer  (gpy) 0  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above include controller as well as irrigation system repairs and 
adjustments. 
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14.14 Residential Irr. Controller Financing, Single Family 

 

Activity Description 
This section covers technologies that automatically adjust irrigation controllers according to the 

needs of the landscape.  The class of technology included in this activity adjusts schedules 

according to real time measures of evapotranspiration (ETo) by sending a signal by satellite 

pager technology (CUWCC 2003b) or telephone line. (Another class adjusts irrigation controllers 

based on historical weather data, current temperature, rainfall, soil moisture, and/or solar 

sensors without a telecommunication link). 

 

This activity includes the same savings activities as the rebate program; however, the delivery 

mechanism is a customer finance plan.  The supplier buys down the interest rate for financing 

the irrigation controller and repairs/nozzles package.  This emerging delivery mechanism may 

include on-bill financing as exists by example in the energy conservation sector.  A vendor 

implements the finance contract over time. 

 

Unit Water Savings 

• IRWD (2001) found that broadcast signal ET controllers reduced outdoor water con-
sumption by 37 gallons per household per day (equivalent to a 16 percent reduction in 
outdoor consumption). 

• Bamezai (2001) reports the results of an analysis of savings in the second year following 
the retrofit with ET controllers described in IRWD (2001).  Water savings for the entire 
household was 8.2 percent in the second post-retrofit year, compared to 7.2 percent in 
the first year.   

• Aquacraft (2001) reports that of the 10 sites included in their study, savings averaged 
26,000 gallons per year per site; savings from the 5 largest-saving sites were 68,000 gal-
lons per site.  As a group, water application by the controllers was 94 percent of ETo (28 
inches of water).   

• Aquacraft (2003) reported that seven sites applied, as a group, 71% of ETo over an en-
tire irrigation season, saving an average of 35,000 gallons per site compared to their his-
torical use. 

• Metropolitan Water District of Southern California (2004) concludes that ET controllers 
do a better job at matching water needs than manually adjusted controllers.  In addition, 
the study concludes that some manual adjustment is likely to be needed to account for 
appearance, runoff, or special weather conditions. 

• Shedd, Dukes, and Miller (2007) report savings in Florida from the ET Manager control-
ler were 36%, and savings from the Toro Intelli-Sense controller were 59%.  Savings 
were attributed to fewer run times (but more deeply watered) and better matching evapo-
transpiration compared to the control group. 

• Davis, Dukes, and Miller (2008) report savings in of 35%-42% on average compared to a 
time clock schedule without a rain sensor while maintaining acceptable turf grass quality. 



Alliance for Water Efficiency  Water Conservation Tracking Tool v1.2  
  User Guide 

AWE Tracking Tool User Guide Copyright 2010 Alliance for Water Efficiency Page 147 of 212 

 

 

Benefits also derive from reduced runoff (Ash 2002). 

 

Savings are not expected to decay from the controller itself, although savings that accompany 

the controller from sprinkler heads are likely to decay over time without regular maintenance.  

IRWD (2001) states that ET controllers’ expected life is 10-15 years. 

 

Utility Costs 

• IRWD (2001) states that ET controllers are expected to cost $100 per unit to purchase 
and $75 to install. 

•  Aquacraft (2001) reports that installations of the ET controllers took between 2.25 and 4 
hours per site.  The installation process included detailed hydro zone measurement and 
setting the ET controller accordingly.  Some sites included moisture sensors. 

• Jordan, Lang, and Gonzales (2004) report that successful installations of ET controllers 
require site visits that include an irrigation system check, determination of specific preci-
pitation rate for the site, collecting data to program the controller, troubleshooting, and a 
customer briefing with a “to do” list.  These on-site activities required 2 people 2 to 4 
hours to complete per site.  Installation of the controller took place separately by a con-
tractor for $150 per site.  

 
The cost to the supplier includes marketing the program and the difference in interest between 

the market rate and the reduced rate offered customers.   

 
Participant Costs 

• IRWD (2001) states the monthly signal fee is $4 and the expected life is 10-15 years. 
 

The costs to the customer are the same as for the residential irrigation controller rebate program 

for maintaining the system and for the signal fee.  However, the capital costs and interest is paid 

in the form of monthly payments over the finance term.  (Although a finance term of 3 to 5 years 

would be typical for a capital device such as a controller, in the example in this model the 

financing is over 10 years because that allows us to include in the model constant ongoing costs 

to the customer for the life of the device). 

 

Participant Non-Water Benefits 
Reduced damage to hardscape. 

 

Plumbing Code 
No water use limitation. 
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Library Parameters Table 
 

Residential Irrigation Controller Financing, Single Family 

Data Item  Value Units

Activity Name 
Residential Irrigation Controller 
Financing, SF  Surveys 

Class  Residential    
Savings, Per Unit (gpy)  24835  Gallons per year 
Savings, Annual Rate of Decay (%)  0%  Percent decay 

Savings, Peak Period (%)  70% 
Percent of annual 
savings 

Savings, Useful Life (yrs)  10  Years 
Savings, Participant Free Riders (%)  0%  Percent of participants 
Utility Costs, Year Denominated  2008  Year 
Utility Costs, Initial Fixed ($)  $10,000  Dollars 
Utility Costs, Initial Variable ($/unit)  $200  Dollars 
Utility Costs, Years of Follow‐up  (yrs)  0  Years 
Utility Costs, Follow‐up Fixed ($/yr)  $0  Dollars per year 

Utility Costs, Follow‐up Variable ($/unit/yr)  $0 
Dollars per unit per 
year 

Participant Costs, Year Denominated  2008  Year 
Participant Costs, Initial ($)  $0  Dollars 
Participant Costs, Years of On‐going (yrs)  10  Years 
Participant Costs, On‐going ($/Yr)  $250  Dollars per year 
Participant Savings, Sewer  (gpy)  0  Gallons per year 

Participant Savings, Gas  (Therms/Gal)  0.0000 
Therms per gallon 
saved 

Participant Savings, Electricity  (KWh/Gal)  0.0000 
Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective  0  Year 
Plumbing Code, Unit Savings (gpy)  0  Gallons per year 
Plumbing Code, Natural Replacement Rate 
(%)  0.0% 

Percent per year 
replaced 

Notes: Parameters above include controller as well as irrigation system repairs and 
adjustments. 
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14.15 Residential Turf Replacement Rebates, Single Family 

 

Activity Description 
Turf replacement rebates are incentives to replace existing turf grass with landscape material 

that requires little or no irrigation.  Examples of replacement materials include xeriscape and 

hardscape. 

  

Unit Water Savings 

• Sovocool and Rosales (2001) report that conversion from turf to xeric landscape reduced 

water consumption an 105,600 gallons annually for residences that converted an 

average 2160 square feet.  Note that Southern Nevada region where this study was 

conducted is particularly hot and dry, so savings may not be applicable in different 

climates (annually 4 inches of precipitation and nearly 90 inches ET).  On average, water 

consumption for turf grass areas was 79.2 gallons per sq. ft. per year and for xeric 

landscape 17.3 gal/sq. ft./yr. Savings is thus, 62 gal/sq. ft./yr on average by converting 

turf grass areas to xeric landscape. 

• The City of Austin (1999) reports average water savings per participant site of 214 

gallons per day in the summer compared to preexisting landscapes as a result of their 

landscape rebate program. 

• Fuller et al. (1995) as reported in Vickers (2001) report that a xeriscape program on lots 

less than 9,000 square feet saved 175 gallons per day. 

• Peak savings.  Sovocool and Rosales (2001) report that xeriscape savings were 33 

percent monthly overall (total water) and 39 percent in the summer months.   

• Sovocool and Rosales (2001) report that xeriscape savings did not decay over time. 

 

Utility Costs 

• Sovocool and Rosales (2001) report program incentive costs of $.45 per square foot with 

$900 maximum incentive per site.  Average site was 2160 sq. ft., so average incentive 

per site was $972. 

• The City of Albuquerque (1998) as reported in Vickers (2001) offered rebate bill credits 

of up to $250 at $.15 per square foot (1,667 sq. ft. max.) for conversion of conventional 

landscape to low water use landscapes. 
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Participant Costs 

• Sovocool and Rosales (2001) report participants were required to plant xeric landscape 

sufficient so that 50% canopy coverage would occur at plant maturity, although cost of 

the conversion to the participant was not reported, they reported the incentive provided 

to offset these costs. 

 

Participant Non-Water Benefits 

• Though not sewer or energy benefits, Sovocool and Rosales (2001) report non-water 

benefits due to reduced landscape maintenance (costs were one third less). 

 

Plumbing Code 

• No water use limitation. 
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Library Parameters Table 

Residential Turf Replacement Rebates, Single Family 
Data Item Value Units 

Activity Name Residential Turf Replacement Surveys 
Class Residential   

Savings, Per Unit (gpy) 
Depends on User Inputs for 
rainfall, ET, and region  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 80% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 10 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $972 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $500  Dollars 
Participant Costs, Years of On-going (yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 0  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above include replacing turf with low water consuming plant material and 
conversion to drip or other highly efficient irrigation method. 
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14.16 Residential Water Efficient Irrigation Nozzles, Single 

Family 

 

Activity Description 
This section covers new technology sprinkler heads that save water by allowing slower water 

application rates, by improving distribution uniformity, and by reducing the effects of wind-blown 

overspray.  The nozzles are designed to spray in streams or droplets rather than fine spray or 

mist.  They have built in pressure regulation or are paired with pressure regulating bodies. 

 

A number of delivery mechanisms can be used for nozzle programs, such as direct install, 

distribution, rebates, and combination packages with landscape controllers or surveys.  In this 

section, a direct install program is described.  The direct install program assures professional 

installation (thus greater likelihood of savings), bulk pricing in purchasing nozzles and delivering 

installation services, and attractive offers to boost customer participation. 

 

Unit Water Savings 
 

Savings estimates to date for nozzle installations have been observational studies or 

engineering estimates, but we have not found a nozzle savings study with a study design 

controlled for climate, weather and other potential confounding factors. 

 

• Manufacturers’ tests conclude savings can be 30% just from replacing conventional 
sprinkler heads with water efficient heads if the irrigation timer is adjusted.  Savings are 
claimed to result from improved distribution uniformity and decreased precipitation rate 
allowing lower watering times.  (Smith 2009). 

• Field studies based on uncontrolled research methods have showed savings of 10% to 
28%  (Friedman 2009, Hawkins 2007). 

• MWDSC So Cal Water Smart Program uses a planning figure of .0040 AFY per nozzle 
savings. 

 

Savings are expected to decay from nozzles if they are not maintained over time.  Expected life 

is 5 to 10 years.  

 

Utility Costs 
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• Utility costs depend on the size of the rebate offered and the scale of purchase.  Retail 
discount on-line purchases of MP Rotators cost $5.69 plus tax and shipping 
(http://www.sprinklersupplies4less.com).  Bulk purchases for direct installation programs 
are approximately $3.50 per unit. 

 
Participant Costs 
The initial cost to the customer is zero for this direct install program.  Maintenance over time will 

assure savings longevity. 

 

Participant Non-Water Benefits 
Reduced damage to hardscape. 

 

Plumbing Code 
No water use limitation. 

 



Alliance for Water Efficiency  Water Conservation Tracking Tool v1.2  
  User Guide 

AWE Tracking Tool User Guide Copyright 2010 Alliance for Water Efficiency Page 154 of 212 

 

Library Parameters Table 
 

Residential Water Efficient Irrigation Nozzles, Single Family 
Data Item Value Units 

Activity Name 
Residential Water Efficient 
Irrigation Nozzles, SF Nozzles 

Class Residential   

Savings, Per Unit (gpy) 
Depends on User Inputs for 

rainfall, ET, and region Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 70%
Percent of annual 
savings 

Savings, Useful Life (yrs) 5 Years 

Savings, Participant Free Riders (%) 0%
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $8.5 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0 Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0 Dollars 
Participant Costs, Years of On-going 
(yrs) 0 Years 
Participant Costs, On-going ($/Yr) $0 Dollars per year 
Participant Savings, Sewer  (gpy) 0 Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000 
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000 

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0%

Percent per year 
replaced 

Notes: Parameters above include nozzle installation at bulk purchase prices. 
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14.17 Residential Meter Installation, Single Family 

 

Activity Description 
This activity refers to residential meter installation--or “universal metering”--where meters are 

installed in existing customer sites where they do not currently exist. In terms of conservation, 

such activity may “true up” the price signal sent to customers.  It is important to note that meters 

are instrumental to a number of conservation efforts because they provide information on water 

use to consumers. 
  

Unit Water Savings 

• Speedwell (1994) analyses data from a sample of 590 multi-family buildings in New York 

City and a sample of 676 multi-family buildings in Jamaica, New York.  The Jamaica 

service area is metered and the New York City buildings were not metered.  A statistical 

model was developed, regressing housing density, median income in the census tract, 

building size water use, and a dummy variable for Jamaica service area on water use.  

Controlling for these independent variables, metered billing resulted in a 36 percent 

decrease in water use, which the authors attribute to metered water consumption. 

• Bishop and Weber (1995) report the results of a statistical analysis of Denver’s universal 

metering program.  The average annual water savings is reported as 28 percent, with a 

summer peak seasonal reduction of 38.4 percent in 1991.  The authors cite landscape 

irrigation as the reason for the large summer savings with metering. The authors report 

that controlling for season, weather, and the effect of metering and conservation 

practices that 98 percent of the monthly variation is explained in the model.  However, 

savings estimated in the statistical model cannot be separated from savings from 

concurrent programs to promote the installation of conservation devices, such as 

bathroom retrofits.  The savings effect is also not separated from the effect of newly 

metered accounts that may have systematic differences in lot size, income, or housing 

density. 

• Leblanc (1997) notes that the Residential Water Metering Study in Greater Vancouver 

assumed that, “residential water meters, an appropriate rate structure and bimonthly 

billing would result in a 20 percent reduction in single family residential consumption, 

based on the experience in other areas.” 
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• Lovett (1992) reports water savings from the addition of universal metering has been in 

the range of 25 to 40 percent where it has been implemented in several Canadian 

locations. 

• Koch and Oulton (1990) report that single family dwellings that have been converted to 

individual meters save on average 20 to 30 percent. 

• CUWCC (2003) estimates that metering with volumetric pricing reduces demand by an 

average of 20 percent.  Water consumption in un-metered service areas is considerably 

higher than in metered service areas. 

• Maddaus (2001) found an average reduction in water use of 18 percent due to the 

addition of meters with “associated publicity” in Davis, California.  The study also found 

higher percent savings for high use customers. 

• Brown and Caldwell (1984) compiled water savings estimates in Table 1, here 

reproduced from Mitchell (2002) who reproduced the table from the original report. 

• Lund (1984) compiled water savings estimates in Table 2, here reproduced from Mitchell 

(2002) who reproduced the table from the original report. 
 

Table 1 – Compilation of Savings Estimates 
Study Location Study 

Duration 
Sample size Water Savings % 

Small cities    
Milan, Tennessee 1946-1948 Citywide 45% 
Kingston, New York 1958-1963 Citywide 27% 
Zanesville, Ohio 1958-1961 Citywide 22.5% 
Large Cities    
Philadelphia, Penn 1955-1960 27% of service area 28.5-45% 
Boulder, Co 1950s-1960s Citywide 36% 
Calgary, Alberta 1968 14,755 metered, 

61,575 flat-rate 
45% 

Central Valley cities, 
California 

1970 Citywide 30% 

Denver    
John Hopkins Study 1961-1966 Four flat-rate 

neighborhoods, study 
areas in other western 
cities 

Little difference noted 
between metered and flat-
rate residential in-house 
use; however, sprinkling 
use was much less for 
metered residences 

Green’s Thesis 1972 Three of four flat-rate 
areas from John 
Hopkins project plus 
surrounding metered 
areas 

13-30% 

Beck Report 1966-1968 Two flat-rate areas 
plus two metered 
areas from Aurora 

Results similar to John 
Hopkins study. 
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Bryson’s Thesis 1971 90,290 flat-rate 
residential service, 
19,080 metered 
residences 

25% 

Source: Reproduced from Brown and Caldwell (1984) as reported in Mitchell (2002) 
 

Table 2 – Estimates of Use Reduction from Water Metering 
City Year % Reduction Reference 

Kingston, NY 1958-63 20% Cloonan, 1965 
Philadelphia 1955-60 28% Cloonan, 1965 
Boulder, CO 1960-65 40% Hanke & Flack, 1968 
various, USA 1963-65 34% Howe & Linaweaver, 1967 
Israeli apts. - 14-34% Darr et al., 1975 
Malmoe, Sweden 1980 34% Hjorth, 1982 
Solomon Is. 1969-70 50% Berry, 1972 
Flyde, UK 1970-72 10% Smith, 1974 
Malvern, UK - 20% Smith, 1974 
Malvern, UK 1970-75 6% Phillips & Kershaw, 1976 
Source: Reproduced from Lund (1984) as reported in Mitchell (2002) 

 

• Maddaus (2001) describes savings derived from universal metering in a literature review.  

Table 3 summarizes these savings figures. 
 

Table 3 – Savings Estimates 
Location Savings Publication(s) 

 10-30%, as much as 50% Maddaus 1987; Lund 1986, 1988 
California 30% water, 15% wastewater California SWRCB 1974 
British Columbia 15-20% Leidal 1983 
New York City 12-25% New York City 1997 
Denver, CO 20% Bishop 1995 
Boulder, CO 36% Flack, et al. 1977 
Reno-Sparks, NV 39% Coons 1995 
Note: Results extracted from Maddaus (2001) literature review. 
 
Utility Costs 

• Denver Water Department (1993) reports the average cost per meter setting to be $425, 

including purchase, installation, repair if deteriorating lines, and public education. 

• Bishop and Weber (1995) report costs in the range of $250 to $750 per meter for 

purchase and installation. The cost to install a meter in a new construction residence is 

cited as $175. 

• Leblanc (1997) reports that the cost of meter purchase and installation is $210 for indoor 

installation and $450 for outdoor installation.  [We assume Canadian dollars, although it 

is not specified in the article]. 

• Westerling and Hart (1995) develop a cost minimization model to determine the optimal 

period of time between meter replacements.  Their sample calculations indicate a range 

between 7 and 14 years. 
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• CUWCC (2003) reports the costs of the installing meter retrofits vary depending on the 

size of the meter.  For example, costs are in the range of $500-$1000 for single-family 

dwellings in Central Valley/per meter, and $500-$3000 for multi-family dwellings & 

commercial connections.  There are additional costs to read the meter and bill the 

residential customer with a volumetric rate. 

• Mitchell (2002) assembled the estimates of water meter installation costs in Table 4. 

• Aquacraft (2004) reported cost in new construction of $125 for meter, transmitter, and 

installation ($300 for retrofits), $25 for receiver, computer, and software, and an annual 

service fee of $36. 
 

Table 4 -- Estimates of Use Reduction from Water Metering 
Water Supplier Region Avg. Cost Per Meter 

Installation 
Notes 

Sacramento 
Suburban 

Sacramento 
Valley 

$910 per residential meter Most residential connections in 
backyards.  Meter, box, and meter 
setter cost $240. Installation, 
which includes up to 28 sq ft of 
landscape restoration is $670. 

San Juan Water 
District 

Sacramento 
Valley 

$246 to install residential 
meter and box plus additional 
$207 if service upgrade 
required.  Combined cost is 
$453. 

Cost information provided by field 
operations manager for San Juan 
Water District 

Citrus Heights Water 
District 

Sacramento 
Valley 

$890 (contractor install) 
$533 (district staff install) 
 
These are costs for residential 
meters 

Based on 6,996 contractor and 
2,056 district staff installations.  
Cost for contractor installation 
includes district inspection cost of 
about $40/meter. 

City of Carmichael Sacramento 
Valley 

3/4”, 1” - $1,500 
11/2”, 2” - $2,000 
3” - $1,775 
4” - $2,500 

Detailed cost spreadsheet with 
itemization available. 

City of Roseville Sacramento 
Valley 

<$775 per residential meter Estimated cost was $775, but 
actual cost turning out to be 
somewhat less 

Fair Oaks Water 
District 

Sacramento 
Valley 

$700 per residential 
installation 

Install cost can run as high as 
$1,500 when landscape or 
hardscape need to be replaced. 

City of Davis Sacramento 
Valley 

$450 per residential 
installation (1994 dollars) 

All installations were front 
easements. 

City of Fresno San 
Joaquin 
Valley 

$300-$350 per retrofitted 
residential meter (1990 
dollars); $150 per new 
residential installation 

 

Source: Reproduced from Mitchell (2002) 
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Participant Costs 
 

Participant Non-Water Benefits 
Energy savings from reduced water heating, reduced sewer volume, and other benefits 

depending on the conservation activities performed to reduce demand. 

 

Plumbing Code 

• No water use limitation. 
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Library Parameters Table 

Residential Meter Installation, Single Family 
Data Item Value Units 

Activity Name Residential Meter Installation Surveys 
Class Residential   

Savings, Per Unit (gpy) 
Depends on User Inputs for 
rainfall, ET, and region  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 65% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 0 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $761 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 

Participant Savings, Sewer  (gpy) 
Depends on User Inputs for 
rainfall, ET, and region  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 
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14.18 CII ½ gpf Urinal Rebates 

 

Activity Description 
This activity refers to the installation of urinals that consume no more than one half gallons per 

flush.   

 

Unit Water Savings 

• Koeller & Company (2005, p.23) report a team of water conservation professionals 

estimated the likely fixture life span is 30 years.  In this study savings were calculated by 

utilizing flow rates in the estimated existing stock of urinals.  For replacing existing non-

efficient urinals with high efficiency urinals, .6 million AF of savings would derive from 

1.05 million fixtures replaced.  

 

Utility Costs 

• Koeller & Company (2005, p.23) report that the current retail price of .5 gpf urinals with 

integrated sensor-operated flush valve cost between $901 and $1,241.  The authors 

estimate that with bulk purchases under conditions where the market develops 

competitive prices for .5 gpf and .26 gpf urinals, program cost would more likely be $375 

(plus $75 program implementation costs).  The analysis assumes the rebate would cover 

the entire cost of the fixture. 

 

Participant Costs 
 

Participant Non-Water Benefits 

• Participants expect sewer flow volume reductions. 

 

Plumbing Code 

• California Assembly Bill 715 requires that urinals sold or installed be HE urinals as of 

January 1, 2014.  It also includes transition requirements for manufacturers to ramp the 

percentage of models offered for sale starting in 2010 CUWCC (2007).  The California 

requirement does not apply nationally and is not included in the values for this activity.  

The 1992 National Energy Policy Act (EPAct) set maximum allowed water use for urinals 

of 1.0 gallon per flush effective January 1, 1994.  (Vickers 2001 and EPAct 1992). 
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Library Parameters Table 

CII ½ gpf Urinal Rebates 
Data Item Value Units 

Activity Name CII 1/2 Gallon Urinal Surveys 
Class CII   
Savings, Per Unit (gpy) 6206 Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 0 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $450 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 6,206  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above reflect rebate program that covers the full cost of the urinal and 
installation. 
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14.19 CII ULFT Toilet Rebates 

 

Activity Description 
“Ultra-low-flush” (ULF) toilets are toilets that use no more than 1.6 gallons per flush.  Effective 

ULF toilets employ optimized gravity-fed design or pressure assist technologies. 

 

Conditions: Program targeted to replace 3.5+ gpf fixtures. 

 

Unit Water Savings 

• Hagler Bailly (2001) estimated gallons per day savings in a number of different market 

segments at 1,370 CII sites in ten agencies in Northern, Central and Southern California, 

as summarized in Table 1. 

• Engineering Technologies Canada (2001) found water savings of 46 to 60 percent 

compared to the existing 13-liter toilets in public schools. 

• Flexyourpower.org (2008b) estimates that commercial toilet water use may drop from 

27,300 to 12,500 gallons per year, a savings of 14,800 gallons. 

 

Utility Costs 

• MWDSC (2005) reports that the vendor fee for administering the ULF toilet rebate 

portion of their CII conservation Pilot Program (ending December 31, 2004) is $24. This 

fee includes the administration and processing of the rebates, reporting to member 

Market 
Segment

Estimated Savings 
(gpd)

90% Confidence 
Interval

Wholesale 57 19-94
Food Store 48 37-59
Restaurant 47 36-58
Retail 37 33-42
Automotive 36 22-50
Multiple Use 29 14-45
Religious 28 20-37
Manufacturing 23 15-32
Health Care 21 13-28
Office 20 17-23
Miscellaneous 17 11-23
Hotel/Motel 16 11-20
Source: Hagler Bailly (2001)

Table 1 - Savings per CII ULFT Installed
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agencies, their retailers—and customer service to these agencies, customer service to 

the end user customer, and the money float for fronting the rebate checks. The fee does 

not include marketing and overhead costs, which are combined with other elements of 

the rebate program. 

• Prices for purchasing heavy-duty commercial fixtures range from $325 to more than 

$600 depending on the type and materials (e.g., American Standard 2005). 

• A&N Technical Services (1995a) reports that commercial ULF toilets retail for $150 to 

$170.  The purchase cost estimate comes from the direct installation program in the City 

of Santa Monica (1989, 1992) and assumes that all installed commercial ULF toilets 

were flushometer valve-type.  Since both flushometer-valve and gravity-fed toilets are 

used in commercial applications, the $170 purchase cost estimate represents an upper 

bound.  Gravity-fed commercial ULF toilet costs are about the same as multi-family 

residential toilets. 

• CCWD (2003) reports that $255,618 was provided in rebate funding for ULF toilets, and 

that “program labor, administration and marketing materials cost were approximately 

$68,942, for a total program cost of $330,572.”   Average rebates were $236 and the 

cost of administration and inspections was $64. 

 

Participant Costs 

• A&N Technical Services (1995) determined typical commercial installation costs were 

$80, toilet costs were $170, and rebates received were $100. 
 

Participant Non-Water Benefits 

• Sewer volume savings are expected to be equal to water savings. 

• Energy savings are not expected for participant. 

 

Plumbing Code 

• The 1992 National Energy Policy Act (EPAct) set maximum allowed water use for toilets 

of 1.6 gallons per flush effective January 1, 1994.  Some states established standards 

earlier (e.g., Massachusetts and California).  Effective date was January 1, 1997 for 

commercial toilets in certain exception categories related to public health and safety.  

(Vickers 2001 and EPAct 1992). 

• A commonly used rate of natural replacement is 4 percent (e.g., Koeller & Company 

2005). 
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Library Parameters Table 

CII ULF Toilet Rebates 
Data Item Value Units 

Activity Name CII ULF Toilet Surveys 
Class CII   

Savings, Per Unit (gpy) 
 Depends on User Inputs (10585 
is the default)   Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) na Years 

Savings, Participant Free Riders (%)  23% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $350 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 

Participant Savings, Sewer  (gpy) 
Depends on User Inputs (10585 
is the default)  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 1994 Year 

Plumbing Code, Unit Savings (gpy) 
Depends on User Inputs (10585 
is the default)  Gallons per year 

Plumbing Code, Natural Replacement 
Rate (%) 4.0% 

Percent per year 
replaced 

Notes: Parameters above reflect rebate program that covers the full cost of the toilet and 
installation. 
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14.20 CII HET Toilet Rebates 

 

Activity Description 
“High-efficiency” toilets (HET) are defined as those with flush volumes 1.28 gpf or better. 

This section covers a variety of toilet technologies including dual-flush, pressure-assist, as well 

as redesigned gravity fed toilets. 

 

Conditions: Program targeted to replace 3.5+ gpf fixtures. 

 

Unit Water Savings 

• Koeller & Company (2005) estimated savings utilizing flow rates in the estimated existing 

stock of toilets.  For replacing existing non-efficient toilets with high efficiency toilets, .73 

million AF of savings would derive from 2.1 million CII fixtures replaced.  

• Morvay (2006) reports that savings were calculated by starting with the CUWCC CII 

ULFT Savings Study figures and assuming savings were an additional 20 percent.  Note 

that the program reported replaced only high flush toilets that averaged 4.29 gpf (min. 

3.5 gpf) in FY 2004/05. 

• Veritec Consulting (2002) reports that water consumption was decreased by 65% with 

the installation of Caroma dual-flush toilets at 459 Bigelow St. in Port Perry, Canada. 

 

Utility Costs 

• Koeller & Company (2005) use $250 per rebate as typical costs based on an average 

purchase cost of the fixture of $175 and $75 program implementation. 

• Morvay (2006) reports they are paying a vendor $269 per CII high efficiency toilet in a 

direct installation program targeting high volume customers such as restaurants. The 

cost includes marketing and administration of program, toll-free number, installation of 

new HET, recycling the old toilet, follow-up as needed, record keeping, warranty. 

 

Participant Costs 

• Participants generally do not incur costs of direct installation program other than time 

during installation if supervision is needed and business down time if installation 

interferes with business (e.g., hotels). 
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Participant Non-Water Benefits 

• Sewer volume savings are expected to be equal to water savings. 

• Energy savings are not expected for participant. 

 

Plumbing Code 

• California Assembly Bill 715 requires that toilets sold or installed be HE toilets as of 

January 1, 2014.  It also includes transition requirements for manufacturers to ramp the 

percentage of models offered for sale starting in 2010. CUWCC (2007).  A commonly 

used rate of natural replacement is 4 percent (e.g., Koeller & Company 2005). 



Alliance for Water Efficiency  Water Conservation Tracking Tool v1.2  
  User Guide 

AWE Tracking Tool User Guide Copyright 2010 Alliance for Water Efficiency Page 168 of 212 

 

Library Parameters Table 

CII HE Toilet Rebates 
Data Item Value Units 

Activity Name CII HE Toilet Surveys 
Class CII   
Savings, Per Unit (gpy) 1.23 x CII ULFT Savings  Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) na Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $450 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 1.23 x CII ULFT Savings  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 2014 Year 
Plumbing Code, Unit Savings (gpy) 1.23 x CII ULFT Savings  Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 4.0% 

Percent per year 
replaced 

Notes: Parameters above reflect rebate program that covers the full cost of the toilet and 
installation. 
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14.21 CII Laundromat Washer Rebates 

 

Activity Description 
High efficiency washing machines are those designed to save energy and water.  This activity 

refers to coin-operated self-serve laundry facilities that are not in multi-family building for 

residents only. 

 

Unit Water Savings 

• Hazen and Sawyer (2003) cite Ayres (1998) surveys that find Laundromat washing 

machine use ranges between 3 and 8 cycles per day nationwide. 

• FEMP (2000) reports that savings on average for machines that were utilized 6.4 cycles 

per day for a year were 38,780 gallons per machine.  (Although in a multi-family 

setting—a military barracks—the equipment and use load is comparable to a 

Laundromat). 

• CEE (2007) reports that washers meeting their current CEE specifications save 29 to 59 

percent of water use, or up to 25,000 gallons per day with 3 cycles per day and 51,000 

gallons per day at 6 cycles per day. 

• WMI (2006) study found that small and large multi-load washers were more efficient than 

single load-top loading machines they replaced.   The multi-load washers with tub 

volumes 4 cubic feet or less were more efficient than large multi-loaders.  4.5 cycles per 

day on average in the San Diego area.  The larger machines were filled to higher percent 

capacity than smaller machines.  Hot water use was reduced not only due to increased 

water efficiency but also because newer machines do fewer hot water rinses. 

 

Savings decay is not expected from HE washers.  Life span estimates vary: 

• FEMP (2000) used a 5 year washer life span in their cost benefit analysis. 

• The Coin Laundry Association (2008) states that “accepted standard of useful life for 

commercial coin laundry equipment is as follows: Top load Washers (12 lbs. to 14 lbs.): 

5-8 years; Front load Washers (18 lbs. to 50 lbs.): 10-15 years.  Machine utilization 

varies widely with survey results showing an average between 3 and as high as 8 cycles 

per day per machine. 

• WMI (2006) cites industry average of 6 to 8 cycles per day in Laundromats; the study 

found 4.5 use per day on average in the San Diego area. 
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Utility Costs 

• MWDSC (2008) offers a $210 rebate for commercial HE washers with water factor of 7.5 

or lower.  A $130 rebate is available from SoCal Gas or Southern California Edison.  

Rebates range from $210 to $710 depending on location. 

 
Participant Costs 
 

 

Participant Non-Water Benefits 

• CEE (2007) reports that washers running 6 cycles per day save 118 to 148 therms each 

year for water heating and drying. 

• New machines may reduce electricity consumption. 

 

Plumbing Code 

• The California Energy Commission adopted water efficiency standards for commercial 

clothes washers in February 2003 (Water Factor 9.5).  (CUWCC 2008). 
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Library Parameters Table 

CII Laundromat Washer Rebates 
Data Item Value Units 

Activity Name CII Laundromat Surveys 
Class CII   
Savings, Per Unit (gpy) 31435 Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 9 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $460 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $600  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 12,574  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0035  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0036  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above reflect a typical rebate from the literature that covers part of the full 
cost of a new commercial washer and the participant pays the balance. 
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14.22 CII Dishwasher Rebates 

 

Activity Description 
This activity refers to rebates to install high efficiency dishwashers in commercial and industrial 

kitchens.  Commercial and industrial dish washers designs include under counter, door type, 

conveyor, and “flight type” machines where dishes are placed directly on the conveyor belt 

without a rack. 

 

Unit Water Savings 

• EPA (2007) shows the wide variation in water use per rack in under counter, door-type, 

and conveyor dishwashers.  Water use ranges from less than 1/2 gallon per rack to more 

than 5 gallons. 

• EPA (2008) shows Energy Star eligibility criteria for high temperature washing are 1.0 

gal/rack for under-counter, 0.95 gal/rack for stationary single-tank door, and 0.70 

gal/rack for single-tank conveyor dishwashers. 

• DPPEA (2003) reports that in conveyor dishwashers, final rinse consumption can be 

reduced from 300 gph to 130 gph in efficient models, and that energy efficient boosters 

and low flow pumps can reduce consumption of water and energy by 50 percent.  

• Natural Resources Canada (2008) provides two case studies that include Energy Star 

dishwashers.  In both cases, dishwasher use is estimated at 400 trays per day.  The 

replacement dishwasher was estimated to save 599 liters per day, and it cost $680 more 

than a conventional dishwasher.  Energy savings were estimated as $2,503, including 

$723 in electricity and $1,780 in heat energy in hot water. 

 

Utility Costs 

• MMWD (2008) provides rebates for commercial dishwashers at $9 per saved ccf/year, 

with a maximum of $500 for a leased machine. 

 
Participant Costs 

• Dishwasher costs vary widely and are generally a large capital cost. 
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Participant Non-Water Benefits 

• Savings in water heating costs and sewer costs are expected depending on the volume 

of water savings.  Electricity savings may derive from more efficient motors and design. 

 

Plumbing Code 

• No water use limitation. 
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Library Parameters Table 

CII Dishwasher Rebates 
Data Item Value Units 

Activity Name CII Dishwasher Surveys 
Class CII   

Savings, Per Unit (gpy) 
                                                
57,757  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 20 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $340 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $1,340  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 57,757  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0116  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0125  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above reflect a typical rebate from the literature that covers part of the full 
cost of a new commercial dishwasher and the participant pays the balance. 
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14.23 CII Kitchen Pre-Rinse Spray Valve Replacements 

 

Activity Description 
Pre-rinse spray valves control water flow in sprayers that rinse food waste from pots, pans, 

utensils, and dishware before they enter a dishwasher.  Water conserving valves consume less 

water and have equal or better rinsing effectiveness because of improved spray pattern design. 

   

Unit Water Savings 

• SBW Consulting (2007) reports, “Gross gas savings per head are 45 therms/year for 

non-groceries, and 5 therms/year for groceries. Incorporating the evaluated first-year 

retention rate of 95% and the net-to-gross ratio of 96%, and normalizing for the number 

of heads claimed by the program as well as the gas/electric water heating split, we 

obtain net savings per head claimed by the program of 28 therms/year, 51 kWh/year, 

and 18 gallons/day (9 CCF/year).” 

• CUWCC (2004a) cites and summarizes results of a study of 19 metered sites that 

estimates pre-rinse spray valves save 50,000 gallons per year per valve. Most of the 

field measurements were at small restaurants. The source study (CUWCC 2004b) 

reports a reduction in the average measured flow rate of 2.24 gallons per minute, and an 

average time in use after the replacement of 1.27 hours per day. A standardized test at 

FSTC was cited that shows average cleaning time is 8 percent higher than for 

conventional pre-rinse valves. 

• Waterloo (2005) reports that for the 10 sites in their study, average water use decreased 

46 percent, but that spray duration increased 19 percent. For the 6 sites with  moderate 

water supply pressures, average water use decreased 43 percent, but spray duration 

increased 28 percent. 

• CUWCC-FSTC (2002) provides the performance criteria utilized for the major pre-rinse 

valve programs currently underway. The flow rate specification is 1.6 ± 0.1 gpm at 60 ± 2 

psi and 120 ± 4 °F. The cleaning effectiveness test includes rinsing dried tomato paste 

from a plate in less than 21 seconds. 

• DPPEA (2003) cites flow rates of water efficient valves of 1.6 to 2.65 gpm at 80 psi. 

• EBMUD (2002) reports high-flow spray valves use over 3 gpm (with a range of 2.65 to 4 

gpm) compared to 1.6 gpm for water efficient models. With an average 6 hours per day 
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usage, water savings are estimated to be 300 gallons per day. This proposal assumes 

that 360 gallons per day will be saved per valve (1.5 gpm x 4 hr). 

 

Savings Decay and Useful Life.  No study measuring the long-term persistence of savings from 

pre-rinse valves has been found. However, field experience indicates that efficient valves have 

fewer problems associated with mineral build up and clogging, and that the useful life of a 

replacement pre-rinse valve is approximately five years (Dickinson and Koeller 2003). CUWCC 

(2004a) concurs that five years is a reasonable expected life span. The return rate due to 

product failure was reported to be 15 per 50,000 units. CUWCC (2004b) survey data estimates 

the retention rate in the first year after installation was 95 percent. 

 

Utility Costs 

• The CUWCC-CPUC program direct-installed 16,903 pre-rinse valves (Dickinson and 

Koeller 2003).  The average cost estimated over the entire program is $181 per valve 

installation.  Since this program is reaching hard-to-reach customers, its marketing and 

outreach budget is likely to be higher than average. 

• EDID (2002) estimates that their proposed program will cost a total of $217 per valve 

replacement, including overhead, salaries, benefits, supplies, equipment, labor, and 

travel.  Equipment costs are estimated to be $75 and labor for installation is estimated to 

be $7 (10 minutes).  The other costs are associated with marketing, outreach, 

inspections, coordination with plumbers, voucher administration and related 

administration. 

• SCVWD (2002) reports that new sprayer nozzles cost $42 each. 

• CUWCC (2004a) notes that of the $181 per spray valve, $31 could be attributed to strict 

CPUC regulatory and administrative requirements. Thus, $150 is a more typical 

expected cost per valve. 
 
Participant Costs 

• Participant program costs may include cost to purchase and install water efficient valves.  

 

Participant Non-Water Benefits 

• Operating costs may be less than conventional valves due to reduced clogging problems 

and energy savings.  Note also that even small increases in the time required to clean 

dishes may result in increased labor costs or slower service. 
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Plumbing Code 

• “Commercial pre-rinse spray valves manufactured on or after January 1, 2006, shall 

have a flow rate of not more than 1.6 gallons per minute.” (eCFR 2008). 
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Library Parameters Table 

CII Kitchen Spray Rinse Valve Replacements 
Data Item Value Units 

Activity Name CII Spray Rinse Valve Surveys 
Class CII   
Savings, Per Unit (gpy) 28285 Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) na Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $200 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $0  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 28,285  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0043  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 2006 Year 
Plumbing Code, Unit Savings (gpy) 28285 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 10.0% 

Percent per year 
replaced 

Notes: Parameters above reflect direct install program. 

 

 

 

 

 

 

 



Alliance for Water Efficiency  Water Conservation Tracking Tool v1.2  
  User Guide 

AWE Tracking Tool User Guide Copyright 2010 Alliance for Water Efficiency Page 179 of 212 

 

14.24 CII Kitchen Food Steamer Rebates 

 

Activity Description 
This activity includes installation of commercial and industrial food steamers that reduce the 

amount of water used for cooking and cooling wastewater in conventional food steamers.  

(FSTC 2003).  Water efficient steamers make use of several technologies separately or in 

combination to save water and energy: 1) convection fans reduce cook time by distributing 

steam in the oven, 2) vacuum systems reduce the boil temperature of water, 3) “no-boiler” 

designs that heat water only as needed, 4) self-contained systems that recycle condensate, and 

5) microwave designs that use very small amounts or no added water. 

 

Unit Water Savings 

• Amana (2001) reports that their Steamer Express models steam foods with little or no 

added water by steaming water already in products with microwave technology.  In a 

side-by-side comparison between the Steamer Express, a boilerless table-top steamer, 

and a combi 3-pan steamer, the Amana literature reports water use as 0 gallons, 10 

gallons, and 275 gallons per day, respectively.  The same document reports water 

savings of “over 95 percent.”  Thus, a replacement of a conventional steamer with this 

technology would save 261 or 275 gallons per day compared to a conventional steamer. 

• PEC (2003) reports that self-contained counter top steamers require 2-3 gallons of water 

per day. AccuTemp (2003) reports that warm up time is 10 minutes, which would reduce 

the amount of idle time in some settings.  Water savings depends on the level of use and 

the water consumption of the alternative product—either an existing steamer that is to be 

replaced or an inefficient model in a new installation. 

• MWDSC (2008) cites the Food Service Technology Center’s estimate of 81,500 gallons 

per year savings from connectionless steamer over a 10 year life. 

• No study measuring the savings over time from boilerless steamers has been found. 

 

Utility Costs 

• MWDSC (2008) offers $485 per compartment rebate through the Save Water, Save A 

Buck Program. 

• Purchase & installation of valves/steamers if cost share or direct install, along with 

administration, contractors, and marketing. 
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Participant Costs 

• Operating costs are likely to be less than conventional steamers due lower water use, 

lack of water connection to install and maintain, and less mineral build-up. 

• Amana (2002) reports list price of the 2,500 watt model Steamer Express ASE7000 is 

$3,704 and the 3,000 watt model lists for $4,198. 

• PEC (1999) reports that self-contained steamers cost in the range of $4,500 to $5,500, 

which is 15 to 30 percent more than standard steamers. 

• Steamer World (2003) reports prices of Southbend self-contained steamers cost from 

$2,416 to $4,480. A 2,100 watt Panasonic microwave steamer is priced at $2,500 and an 

AccuTemp countertop convection steamer is $4,966. 

 

Participant Non-Water Benefits 

• Cost estimates need to consider the life-cycle cost, including maintenance.  Boilerless 

steamers may have lower maintenance costs due to the lack of water input and heating, 

sewer output, plumbing and de-liming. 

 

Plumbing Code 

• No water use limitation. 
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Library Parameters Table 

CII Kitchen Food Steamer Rebates 
Data Item Value Units 

Activity Name CII Food Steamer Surveys 
Class CII   
Savings, Per Unit (gpy) 81500 Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 50% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 15 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $425 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $3,279  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 81,500  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0903  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above reflect a typical rebate from the literature that covers part of the full 
cost of a new steamer and the participant pays the balance. 
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14.25 CII Cooling Tower Retrofit Rebates 

 

Activity Description 
This activity includes reducing water consumed by cooling towers with the use of conductivity 

controllers and efficient management practices. Two broad categories of water loss in cooling 

towers include bleed-off (draining cooling water) and uncontrolled losses (drift loss from mist and 

leaks). In some parts of California nearly all cooling towers are re-circulating systems (as 

opposed to single pass systems) and many of these have conductivity controllers to 

automatically manage total dissolved solids by adjusting bleed-off and make-up. Water savings 

potential for multi-pass systems are related to (1) better tuned conductivity controllers and (2) 

adding conductivity controllers if not present. 

 

Conditions: Program targeted at large cooling towers without conductivity controllers. 

 

Unit Water Savings 

• Koeller & Company provide a cost-effectiveness analysis of two modern technologies 

used to increase cycles in cooling towers: 1) electronic/AC induced electric fields and 2) 

hydrodynamic cavitation (HDC) water treatment.  Savings for a 371 ton system are 

estimated to be 1.14 afy over 20 years. 

• Ploeser, Pike, and Kobrick (1992) present estimates of use and savings potential for 

cooling towers for different types of CII sites. The savings programs may have included 

conductivity controllers, cooling water management (sulfuric acid, filtration, etc.), addition 

of recirculation system, or air-cooling systems.  The study only makes gross savings 

potential estimates so these conservation methods are indistinguishable from each 

other. 

• PPI (2004) reports on water use surveys of a variety of commercial, institutional, and 

industrial facilities in the Santa Clara Valley Water District service area.  Table 2 shows 

the savings and costs estimated for conductivity controller recommendations for cooling 

towers in the hotel, electronics, food, and retail sectors. 

• Lelic and Blair (2004) reported a 21 percent decrease in cooling tower make up water as 

a result of variable speed drives for cooling fans. Energy savings are reported as well. 
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• Gentili (2003) reports the savings from increasing the cycles of concentration with 

controllers of 1,850,000 and 1,250,000 gallons per year respectively from two large 

cooling towers. 

• EPA/CADWR (1997) conducted a national study that included 13 cities across the 

country to determine the savings potential from commercial water users.  A total of 22 

categories of water users were considered, including cooling towers. 

• DeOreo, Gentili, and Mayer (2004) report that 2.5 AFY savings from supermarkets in 

Southern California can be expected from water efficiency measures. 

• Sinclair and Phibbs (2004) report 35% savings from conservation measures at an 

automobile assembly plant. 

• Vickers (2001) presents an extended exposition of the water use and conservation in 

cooling towers.  One case study described a cooling tower that achieved 75 percent 

savings in makeup waster by installing a new valve and a conductivity controller. 

• New Mexico Office of the State Engineer (July 1999) contains a sample calculation of the 

potential water savings from cooling towers by increasing the ratio of total dissolved 

solids in the bleed off to total dissolved solids in the makeup water. 

• The Western Policy Research (1996) analysis concluded savings as shown in Table 1 

for cooling towers.  

 

Utility Costs 

• Rebates vary widely.  For the proposed technology in this program, we use as a rebate 

benchmark, the Save Water, Save A Buck rebate (MWDSC 2008) for ph conductivity 

controller of $1,900. 

 
Participant Costs 

• Lelic and Blair (2004) report the cost of a variable speed drive installation is $3,000 for 

hardware and parts, plus part time staff time over four days.  Down time was less than 

40 minutes. 

• Gentili (2003) reports the “Installed cost for Conductivity/pH controllers is in the range of 

$1,700 - $4,000.”  

• DeOreo, Gentili, and Mayer (2004) and Aquacraft (2003) report the cost of supermarket 

conservation programs that include water cooling and other measures is $27,000 in 

present value terms over the life span of the project. 

• Koeller & Company report the initial cost of new technologies for a 371 ton installation is 

$26,000. 
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Participant Non-Water Benefits 

• For a given cooling load, the sewer savings blowdown-to-drain volume from increasing 

cycles are  equal to the water savings. 

 

Plumbing Code 

• No water use limitation. 
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Library Parameters Table 

CII Cooling Tower Retrofit Rebates 
Data Item Value Units 

Activity Name CII Cooling Tower Surveys 
Class CII   
Savings, Per Unit (gpy) 371470 Gallons per year 
Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 70% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 10 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $1,900 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $24,100  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 371,470  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Parameters above reflect a typical rebate from the literature that covers part of the full 
cost of a cooling tower retrofit and the participant pays the balance. 
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14.26 Large Landscape Surveys 

 

Activity Description 
Large landscape programs usually include site visits, training, device adjustment, upgrading, or 

water budgets.  Although hardware improvements may result from these activities, this section 

includes program that do not specifically provide hardware rebates or other incentives, 

distribution activities, or direct installations. 

 

Conditions: Savings highly dependent on local climate. 

 

Unit Water Savings 

• CCWD (1994a and 1994b) measured savings from a landscape audit program that 

involved visits to irrigated sites by irrigation management experts who made 

recommendations for conservation change.  Among other important findings, the study 

concluded: 1) The degree of excess irrigation is large in the fall season; 2) contract 

landscapers are less efficient in terms of water consumption and irrigation practices; 

3) smaller sites (e.g., less than 2 acres) have the potential for a greater percentage water 

savings because they are not as well managed as large sites; and 4) savings from water 

audits decline rapidly over time.  Water savings were estimated to be 20.6 percent in the 

first year, 7.7 percent in the second year, and 6.5 percent in the third year. 

• Archer (1999) reports the result of adding explicit water management contract provisions 

in addition to landscape management.  Savings from 17 to 59 percent were reported 

over a two year period. 

• Two CIMIS Hot Lines programs were conducted by the Marin County Water District, as 

described in Bourg 1993 and Nelson 1989.  The “Irrigation Management Program” 

contacted the largest irrigation customers, of which 63 agreed to participate in water 

conservation workshops.  Look-up tables were developed by conducting a study to 

calibrate the reference evapotranspiration to the local vegetation.  The workshops were 

attended by turf managers, who were instructed on how to use the Hot Line and look-up 

tables to determine the appropriate irrigation level.  A water auditor monitored irrigation.  

The following summarizes some of the available savings estimates from Bourg 1993 and 

Nelson 1989: 
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o CIMIS Hot Line with Water Audits for Parks and Playing Fields (Customers >400 

HCF/YR) resulted in 1) 16% reduction in expected water usage (government 

parks), and 2) 7.7% reduction in expected water usage (private park). 

o The other program involved an on-site audit of commercial/government 

customers with greater than 100HCF/YR water use to determine opportunities for 

water conservation.  The audits involved an initial audit to determine low-cost 

savings opportunities, and then a comprehensive audit with water distribution 

uniformity and catch cone tests.  Turf managers were then trained in how to 

access CIMIS data periodically and utilized in a computer program to determine 

the appropriate adjustments to irrigation scheduling.  CIMIS and irrigation 

management training for large irrigation customers resulted in: 1) 10.9% 

reduction in peak month demand (with Hot Line and training); and 2) 3.6% 

reduction in peak month demand (with Hot Line, but no training). 

• Reed (2002) reports the results of an RFP process designed to generate innovative 

conservation savings. For example, one contract provided for the identification of large 

landscape sites, water audits, customer agreements, and shared savings with the 

customer and contractor.  Savings were achieved with the use of relative humidity 

monitors, scheduling, hardware upgrades, and low water landscapes. 

• Gelinas and Brant (1995) as reported in Vickers (2001) describe four commercial sites in 

Southern California used an average of 68 inches of water each season.  With the use of 

ET based irrigation schedules, water used dropped to an average of 45 inches per 

season. 

 

Utility Costs 

• CCWD (1994) reports that auditing a site of up to one acre costs $310, and $84 for each 

additional acre at the same site.   

 

Participant Costs 

• Participants may take conservation actions pursuant to the survey recommendations. 

 

Participant Non-Water Benefits 

• Benefits may include reduced runoff and hardscape damage. 

 

Plumbing Code 

• No water use limitation. 
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Library Parameters Table 

Large Landscape Surveys 
Data Item Value Units 

Activity Name Large Landscape Surveys Surveys 
Class Large Landscape   

Savings, Per Unit (gpy) 
Depends on User Inputs for 
rainfall, ET, and region  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 70% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 5 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $620 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $1,500  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 0  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Survey with irrigation scheduling followed up with incentives for sprinkler system 
repairs. 
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14.27 Large Landscape Water Budgets 

 

Activity Description 
This activity includes water budgets for large landscape water budgets that are tied to water 

rates and sometimes to other economic incentives such as equipment rebates.  Large 

landscapes are generally considered those greater than 2 or 3 acres in irrigated area. 

 

Conditions: Savings highly dependent on local climate. 

 

Unit Water Savings 

• Tampa Bay Water (2000) with collaborating agencies conducted a pilot program to test 

the hypothesis that “increased water savings will be achieved by allowing irrigation 

operators to manage their own systems using water budget or allocation strategies as 

compared to mandatory water restriction schedules.”  The provided “intense micro-

management” in the form of frequent contacts in the form of site visits and mailings. The 

water budget was based on a landscape audit with a written report, and each customer 

site received a weather station. Actual irrigation in Year 2 was 64% less than the 

historical baseline, and 48% less in Year 3 (excluding two very large customers reported 

separately).  The two largest sites saved 12% of their historical use. 

• A&N Technical Services (1997) conducted a study of four large landscape conservation 

programs in Southern California that each involved a water budget based rate structure.  

The study included a water use analysis based on empirical data collected in 

cooperation with participating suppliers.  Using historical account level water use records 

and multiple CIMIS climatic measures, climate-adjusted estimates of water savings were 

developed. The water use analysis was conducted in three steps, where steps 2 and 3 

involved developing increasingly refined regression model specifications: (1) raw water 

use comparison, (2) comparison correcting for customer characteristics and climate, and 

(3) structural models of the conservation program interventions. Otay Water District 

experienced a 20 percent decline in water applied to landscapes, Irvine Ranch 

experienced a 37 percent decline, and Capistrano Valley experienced a 35 percent 

decline between the pre- and post-program periods. The estimates from the structural 

model suggest that the combined intervention of water-budget based rate structures and 

customer outreach programs in Capistrano Valley had the following effects on the 
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pattern of water demand: 1) average water demand was reduced by 18.6 percent; 2) 

seasonal peak demand was also reduced, though to a lesser degree than average daily 

demand; 3) customer demand became more responsive to information about 

evapotranspiration; and 4) customer demand became less responsive to rainfall. 

• A&N Technical Services (1994) estimated average water savings among Phase III and 

IV participants in the Landscape Performance Certification Program developed by the 

Municipal Water District of Orange County.  Mean reduction in water consumption was 

765 gallons per day (540 gpd to 991 gpd bound the 95 percent confidence interval)., 

approximately 20 percent of the pre-intervention water use. Mean savings for Phase I 

and II participants was 367 gallons per day (251 gpd to 512 gpd bound the 95 percent 

confidence level), approximately 9 percent of mean water use. 

 

Utility Costs 

• CUWCC (1999) includes example cost estimates for a water budget program (Table 2) 

and a water survey program (Table 3).  Cost estimates for the water budget program 

range between $50 and $300 per site, according to the report.   Water survey costs 

range between $500 and $1500 per site. 

• CUWCC (1999) includes example cost estimates for a water budget program (Table 2).  

Cost estimates for the water budget program range between $50 and $300 per site, 

according to the report.   Water survey costs range between $500 and $1500 per site. 

• A&N Technical Services (1997) also reports the results of a survey of large landscape 

customers subject to water-budget based rate structures.  A mail survey was sent to all 

separately metered irrigation customers in four Southern California service areas.  The 

inference that can be drawn from the subset of returned surveys to the population is 

limited by the potential for response bias; inference to other agencies is limited further by 

the degree to which site characteristics and other conditions are similar to the study.  

Table 3 shows the results of the customer self-reported estimates of costs of 

conservation actions:  Supplier costs might include computer programming to set up a 

new rate structure, program design and setup, area measurement, operation, education 

and outreach, and equipment rebates. 

• A&N Technical Services (1994) report program costs over five years of the program 

were a total of $785,000 for the 393 Phase 1 and 2 participants and 498 Phase 3 and 4 

participants. 
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Participant Costs 

• A&N Technical Services (1997) also reports the results of a survey of large landscape 

customers subject to water-budget based rate structures. A mail survey was sent to all 

separately metered irrigation customers in four Southern California service areas. The 

inference that can be drawn from the subset of returned surveys to the population is 

limited by the potential for response bias; inference to other agencies is limited further by 

the degree to which site characteristics and other conditions are similar to the study.  

 

Participant Non-Water Benefits 

• Benefits may include reduced runoff and hardscape damage. 

 

Plumbing Code 

• No water use limitation. 
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Library Parameters Table 

Large Landscape Water Budgets 
Data Item Value Units 

Activity Name 
Large Landscape Water 
Budgets Surveys 

Class Large Landscape   

Savings, Per Unit (gpy) 
Depends on User Inputs for 
rainfall, ET, and region  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 70% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 10 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $3,001 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $3,000  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 0  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Survey with irrigation scheduling followed up with incentives for sprinkler system 
repairs, and irrigation controller rebate. 
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14.28 Large Landscape Irrigation Controller Rebates 

 

Activity Description 
This activity includes measures such as centralized computer control, moisture sensors, rain 

shut-off switches, telephone connections to CIMIS information, and numerous other 

technologies to improve the efficiency of landscape water use.  Sometimes the large landscapes 

are metered separately from non-landscape water consumption. 

 

Conditions: Savings highly dependent on local climate. 

 

Unit Water Savings 

• An analysis was conducted of the water consumption reduction due to the use of a 

centralized irrigation system installed in the community of Aliso Viejo in Orange County 

(Western Policy Research 1996).  Controlling for climate and landscape size, water 

consumption was reduced by 34 percent overall compared to the period before the 

retrofit.  Most of the savings is attributed to the sloped areas, which account for 75 

percent of the study area.  Sloped areas were shown to have a 45 percent reduction in 

water use compared to no significant reduction in the turf grass areas.  Due to the 

diversity of plant material on sloped areas, the author concludes that it is difficult to 

optimize irrigation for sloped areas without a central system. 

• Western Policy Research (1997) reports the results of a statistical analysis of the water 

saving effects of combinations of landscape management practices.  The three 

categories of landscape management practices include evapotranspiration-based 

irrigation scheduling, improved system maintenance, and advanced turf grass 

horticultural practices.  The study included 16 sites in similar climate conditions with  

cool-season turf.  Outcomes of the study were measured in terms of conservation 

savings, turf quality, and root depth. Overall, water consumption was cut in half by the 

programs, even after controlling for climate.  Tiered rates and outreach programs were 

implemented just prior to the study of conservation practices.  For example, the study 

attributed 30 inches of water savings per year to the inclining block rates and outreach 

programs.  An additional 21.9 inches is attributed to the advanced practices.  It is 

important to note that appearance of turf grass was also evaluated over time by a team 

of judges, who concluded that appearance actually improved over time. 
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Utility Costs 

• Ayres (1998, as reported in Vickers 2001) reports on the installation of a centrally 

controlled ET tracking irrigation system that covers 14 school playing fields and office 

landscapes.  Before the centrally controlled system, it required 130 hours per season to 

adjust the timers; these costs were largely replaced by the centrally controlled system. 

 
Participant Costs 

• Participant costs include the cost of the controller and installation not covered by the 

rebate. 

 

Participant Non-Water Benefits 

• Benefits may include reduced runoff and hardscape damage. 

 

Plumbing Code 

• No water use limitation. 
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Library Parameters Table 

Large Landscape Irrigation Controller Rebates 
Data Item Value Units 

Activity Name 
Large Land. Irrigation 
Controller Surveys 

Class Large Landscape   

Savings, Per Unit (gpy) 
Depends on User Inputs for 
rainfall, ET, and region  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 70% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 10 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $2,120 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $1,500  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 0  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 
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14.29 Large Landscape Turf Replacement Rebates 

 

Activity Description 
Turf replacement rebates are incentives to replace existing turf grass with landscape material 

that requires little or no irrigation.  Examples of replacement materials include xeriscape, 

hardscape, and artificial turf. 

 

Conditions: Savings highly dependent on local climate. 

 

Unit Water Savings 

• Padilla and Torres (2004) report 398 gallons per day participant-weighted average 

savings at commercial and residential sites from a turf rebate program. 

• Sovocool and Rosales (2001) report 33% reduction average, and 39% reduction in the 

summer months in terms of “main meter” overall consumption at single family 

residences. More relevant for large landscape is the decrease in mean irrigation use 

only. Irrigation use, in gallons per square foot per year, was 79 at turf sites and 17 at 

xeriscape sites. 

 

Utility Costs 

• Padilla and Torres (2004) report a rebate cost of $.50 per square foot of turf removed, or 

equivalently $598/AF. 

 

Participant Costs 

• Sovocool and Rosales (2001) report that xeriscape maintenance spending (not including 

water savings) is approximately 1/3 less than turf maintenance spending. 

• Applied Ecological Services (as reported in Vickers 2001) estimates that a landscape 

with prairie grasses or native vegetation costs considerably less to maintain than 

conventional turf grasses--$3,000 per acre over 20 years compared to $20,000 per acre. 

 

Participant Non-Water Benefits 

• Benefits may include reduced runoff and hardscape damage. 
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Plumbing Code 

• No water use limitation. 

 
Library Parameters Table 

Large Landscape Turf Replacement Rebates 
Data Item Value Units 

Activity Name Large Land. Turf Replacement Surveys 
Class Large Landscape   

Savings, Per Unit (gpy) 
Depends on User Inputs for 
rainfall, ET, and region  Gallons per year 

Savings, Annual Rate of Decay (%) 0% Percent decay 

Savings, Peak Period (%) 80% 
Percent of annual 
savings 

Savings, Useful Life (yrs) 10 Years 

Savings, Participant Free Riders (%)  0% 
Percent of 
participants 

Utility Costs, Year Denominated 2008 Year 
Utility Costs, Initial Fixed ($) $10,000 Dollars 
Utility Costs, Initial Variable ($/unit) $19,602 Dollars 
Utility Costs, Years of Follow-up  (yrs) 0  Years 
Utility Costs, Follow-up Fixed ($/yr) $0 Dollars per year 
Utility Costs, Follow-up Variable 
($/unit/yr) $0 

Dollars per unit per 
year 

Participant Costs, Year Denominated 2008 Year 
Participant Costs, Initial ($) $23,958  Dollars 
Participant Costs, Years of On-going 
(yrs) 0  Years 
Participant Costs, On-going ($/Yr) $0  Dollars per year 
Participant Savings, Sewer  (gpy) 0  Gallons per year 

Participant Savings, Gas  (Therms/Gal) 0.0000  
Therms per gallon 
saved 

Participant Savings, Electricity  
(KWh/Gal) 0.0000  

Kilowatt hrs per gal 
saved 

Plumbing Code, Year Effective 0 Year 
Plumbing Code, Unit Savings (gpy) 0 Gallons per year 
Plumbing Code, Natural Replacement 
Rate (%) 0.0% 

Percent per year 
replaced 

Notes: Survey with irrigation scheduling followed up with incentives for sprinkler system 
repairs, and water budget (assumes site has irrigation controller). 
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Our Miss ion

The mission of the District is a healthy, safe, and
enhanced quality of living in Santa Clara County
through watershed stewardship and comprehensive
management of water resources in a practical, cost-
effective, and environmentally sensitive manner.
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About the 
Santa Clara Valley 

Water District

The Santa Clara Valley Water
District is the primary water
resources agency for Santa Clara
County, California. It acts not only
as the county's water wholesaler,
but also as its flood protection
agency and is the steward for its
streams and creeks, underground
aquifers and District-built
reservoirs.

As the county's water wholesaler, the water district makes sure there is enough clean, safe
water for homes and businesses. As the agency responsible for local flood protection, the water
district works diligently to protect Santa Clara Valley residents and businesses from the
devastating effects of flooding.

Our stream stewardship responsibilities include creek restoration and wildlife habitat projects,
pollution prevention efforts and a commitment to natural flood protection.

Board of Directors

Rosemary Kamei District 1

Joe Judge District 2

Richard P. Santos District 3

Larry Wilson District 4

Gregory A. Zlotnick District 5

Tony Estremera At Large

Sig Sanchez At Large
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Rosemary Kamei, Gregory Zlotnick. Back row, standing
(from left to right): Joe Judge, Tony Estremera, Larry
Wilson, Richard Santos.
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From the CEO
Nearly two years ago, the Santa Clara Valley Water District charted a course towards becoming
“Cleaner, Greener and Leaner” – managing our resources to their maximum benefit and efficiency. The
District's fifth annual Water Use Efficiency Program Annual Report for Fiscal Year (FY) 2005/06 presents
some significant steps toward achieving this goal and a hopeful vision for water supply management
in the future.

In FY 05/06, the District continued to be a leader by promoting innovative and cost-effective water use
efficiency programs. These water conservation and water recycling programs accounted for 53,300
acre-feet (af) of water savings, supplying approximately 14% of the District's total water for this fiscal
year, making it a key part of the District's water supply portfolio and moving the District in the
direction of becoming Cleaner, Greener and Leaner.

As the issue of global climate change gained more prominence domestically and internationally, the
District has been on the forefront of educating the public and other agencies about the connection
between water, energy and air pollution, emphasizing that every drop of water saved means reduced
energy demand and reduced air pollutants emitted. Water Use Efficiency staff will continue to educate
the community about this important topic in the years ahead.

This fiscal year was also one of continuing to build partnerships in the region, with the District taking
part in developing the San Francisco Bay Area's and Pajaro River Watershed's Integrated  Plans
(IRWMP). These documents bring a new regional, multi-agency perspective to the Bay Area's long-term
water resources planning, which will help make this and all of the participating agencies more Cleaner,
Greener and Leaner.

From the Office of the CEO
Stanley M. Williams       
Chief Executive Officer
Santa Clara Valley Water District
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SUMMARY
The water conservation, water recycling and desalination programs in the Santa Clara Valley
Water District’s (District) Water Use Efficiency (WUE)  Program reduce demand on existing water
and energy supplies, helping to defer the costs and environmental impacts of developing
additional supplies. These programs also protect the South Bay salt-marsh habitat by reducing
freshwater effluent released from wastewater treatment facilities.

Additionally, these programs assist the District in meeting its Board Ends Policy for water supply
reliability, water conservation and water recycling. The District Board’s policies, in conjunction
with the District’s 2003 Integrated Water Resources Planning Study (IWRP) and 2005 Urban
Water Management Plan (UWMP), require that:

� Water Conservation is implemented to the maximum extent that is practical
� Water recycling be expanded within Santa Clara County in partnership

with the community
� A variety of water supply sources are available to minimize risk

The District’s Water Use Efficiency programs have increased the reliability of District supplies
and reduced the risk of shortages during drought periods. The District's water conservation and
water recycling programs together accounted for approximately 53,300 acre-feet (AF) of water
savings per year. (Note: An acre-foot of water is enough water for two families of five for one
year.) With the projected population growth in the Valley, the roles of such programs in
offsetting demand for potable water will increase significantly.

The District is evaluating the feasibility of integrating desalination (bay/ocean/brackish water)
into regional and local efforts. Current desalination technology is similar to the technology used
to lower salts in the advanced treatment of recycled water. Both recycled and desalinated water
are drough-proof water supplies that are available when conventional supplies are exhausted.
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Some of the District‘s programs—such as storing water locally or outside the county
(banking) and establishing agreements to buy or sell water to other agencies (transfers)—
help increase District water supplies in years of shortage, as do District programs aimed at
maintaining and maximizing local groundwater storage. Recycled water and desalination
provide water supply sources that are largely independent of the weather patterns that
affect banking, transfers and groundwater management. The county's first advanced
treated recycled water facilities are currently in design.  In the future, advanced treated
recycled water may be used for enhancing the District's conjunctive water management.

This fifth annual report provides an overview
of achievements in Fiscal Year 05/06, and a
look at current water use efficiency
programs, including water conservation,
water recycling and desalination. The report
also looks at new and future projects and
partnerships.

The District’s WUE program continued to
make education and research a priority. To
this end, the District hosted several
workshops for the public, including:

� A Salinity Management Strategy: Water Softener Replacement
Rebate Program
This workshop held July 8, 2005, was jointly sponsored by the Santa Clara
Valley Water District and the California State Department of Water Resources.
More than 60 interested participants representing 28 entities throughout
California got a chance to learn about salinity management issues related to
water softeners, on the state and local levels.

� Water-Energy Workshop
This workshop, held in August, 2005, was designed to help Bay Area water
and wastewater agencies identify opportunities for saving energy without
impeding water service to customers. It was sponsored by the California
Department of Water Resources, and drew 109 participants representing
more than 50 entities from the northern region of the state.

The District maintains that
water use efficiency programs,
such as water conservation and
recycling, be maximized
because they are key strategies
to minimize overall demand.

Right: A WUE Unit intern educates visitors to San
Jose’s Children’s Discovery Museum about water
conservation. Far right: Water Use Efficiency staff
attend the Marin Desalination Pilot Project Tour.  
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The District also started several important research projects, including:

� Artificial Turf Feasibility Study
The District is conducting research to determine whether there are any adverse water quality
impacts (i.e., whether there are any contaminants present in the leachate) due to artificial
turf installation.

� Energy Savings and Water Use Efficiency
This year, the District conducted research into the relationship between water use efficiency,
energy savings and air quality benefits in the District's region. Staff quantified the savings in
energy and reduction of air pollution resulting from water conservation and water recycling.
The results of this research should be available in early 2007.

The District’s WUE program also promoted water use efficiency at various events, such as the South
Bay Home and Garden Show, a three-day event with attendance of about 30,000, and the
Guadalupe River Park Grand Opening Event, with an estimated crowd of 50,000 attending the
event. As a result of its programs and research, three members of the District’s staff were selected
to give presentations at the 2006 AWWA Water Sources Conference and at the 2006 AWWA Water
Reuse Conference.

The District was also awarded a 2005 Flex Your Power (FYP) Congratulatory Ad and received an
Honorable Mention in the 2005 FYP Awards, both of which recognize the unit’s commitment to
saving energy. The District’s WUE program was one of eight recipients out of 600 applicants to
receive the congratulatory ad and one of 44 recipients out of 246 applicants to receive the
honorable mention. The District’s commitment to conserving energy is reflected by its signing of the
2005 FYP Energy Pledge, its certification as a Green Business and its dedication to energy-efficient
practices and procedures.

Several new water conservation programs were launched this year, including:

� Irrigation System Hardware Rebate Program
This program, which received $100,000 of grant funding, aims at difficult-to-attain but cost
effective landscape conservation on sites with greater than one acre of irrigated landscape.
After participating in the District’s Irrigation Technical Assistance Program (ITAP), commercial
and residential large landscapes are eligible to receive a 50 percent rebate on the cost of ITAP-
identified irrigation system upgrades.

� Weather Based Irrigation Controller (WBIC) Installation Program
Launched in December 2005, the grant-funded WBIC Installation Program will help program
participants save water, time and money by using local weather conditions to calculate and
automatically adjust irrigation schedules to meet the needs of their specific landscapes. The
program offers historical and real-time WBIC controllers that manage and change irrigation
schedules.

Right: A landscape professional (Heidi Johnson)
talks about colorful gardening  with native
plants to a group attending one of the District’s
landscape workshops. Far Right: A water
softener focus group, hosted by the District.
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In addition to saving water, water conservation and water recycling programs save

energy and reduce air pollutant emissions. Significant quantities of energy are required

(and air pollutants generated by energy production) by the water supply chain (i.e.,

pumping water from its source, conveyance, water treatment, end use, and

wastewater treatment). Water conservation and water recycling save

energy and reduce air pollution by reducing flow through the water supply

chain.

To estimate the energy saved by the District’s water conservation and

water recycling programs, the District used the Water to Air Model

developed by the Pacific Institute. The model’s systems approach for

quantifying water-related energy use provides water supply planners with

an overview of the energy intensity of different water supply options, and

allows for the comparison of water supply scenarios. Users can input

agency- (or region-) specific water supply, energy use, and air emissions

information or, alternatively, the model has default values that can be

used. For FY 92/93 through FY 05/06, the District's programs have resulted

in a savings of approximately 1.45 billion kilowatt-hours (kWh) of energy

(see graph), which constitutes a financial savings of approximately $183 million and is

equivalent to the annual electricity requirements for 207,000 households. (See graph.)

Through saving energy, the District's efforts resulted in the elimination of

approximately 335 million kg of carbon dioxide (over the FY 92/93 through FY 05/06

time span), the equivalent of removing 72,000 passenger cars from the roads for one

year (See graph). Water recycling and water conservation programs also reduced the

emissions of several other air pollutants due to the energy saved: reactive organic gases,

carbon monoxide, nitrogen oxides, sulfur oxides, and particulate matter smaller than 10

microns (PM10).

To help meet increasing

water demands, the

Santa Clara Valley Water

District has developed a

comprehensive suite of

water conservation and

water recycling programs

that have saved 370,000

acre-feet (AF) of water

supplies between fiscal

year (FY) 92/93 and FY

05/06.



Reduction of Carbon Dioxide
resulting from the District’s
Water Use Efficiency Programs
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Overview
In FY 05/06, the District’s Board of Directors incorporated water conservation into the District’s
Ends Policies. This helped clarify water conservation’s role in the District’s goals for short- and
long-term water supply. The new Ends Policy (E-2.1.8) reads, “Water conservation is
implemented to the maximum extent that is practical.”

Besides meeting long-term water reliability goals, water conservation programs help meet
short-term demands placed on the water supply system during critical dry periods. These
programs also reduce the occurrence of demand reduction requirements made to water
retailers and reduce wastewater flows to Bay Area treatment plants, protecting the Bay’s salt-
marsh habitat.

The water conservation program experienced another successful year, both in terms of water
saved—reaching an annual total of 39,300 acre-feet in FY 05/06—and in terms of programs,
research and partnerships.

WATER
CONSERVATION

6
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The District continues to expand programs in the residential sector, as this remains one
of the key areas for water conservation. The District employs a strategy of incentives
and rebates, one-on-one home visits with free installations of water-saving devices,
workshops, and outreach at community events to promote residential water savings.
In FY 05/06, the total annual savings attributable to all residential conservation
programs reached 28,000 acre-feet.

Water-Wise House Call Program
The District has been providing the Water-Wise House Call Program to county
residents at no cost since 1998. This program is available to residents of single
family homes and to owners/managers of apartments, condominiums and
mobile home complexes. During the survey, technicians check for toilet flapper
leaks, measure fixture flow rates, offer conservation information, and install free
toilet flappers, showerheads and aerators. Surveyors also test the customer’s
irrigation system for uniformity, calculate and program a
personalized irrigation schedule, and provide landscaping tips.

The District performed more than 1,900 residential home surveys
during FY 05/06. Over 20,000 home surveys have been completed
since the program began. The District continues to inspect and
replace toilet flappers routinely. These inspections are important
since a California Urban Water Conservation Council   (CUWCC)
study revealed that toilet leaks were the top reason for water
waste in the home.

Low-flow Showerhead and Aerator
Replacement Program
In FY 05/06, the District distributed 4,189 aerators and
2,136 low-flow showerheads. Because the saturation
rate for these low-flow devices is so high, (due to
plumbing codes, new construction and the District’s
successful distribution program), the District’s WUE

program is not marketing low-flow showerheads and
aerators quite so aggressively at community outreach

events. However, they were still installed during Water-Wise
House Calls, and are still available by mail and through water retailers. These
devices accounted for approximately 8,900 acre-feet per year in water savings
for FY 05/06.

Water Conservation:

IN THE HOME

Above right: Water-Wise House Call technician measures irrigation
efficiency during a Water Wise House Call. Above left: A water-efficient
showerhead, more than two thousand of which were distributed by the
District in FY 05/06.
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Residential Clothes Washer Rebate Program
The District continued to provide countywide rebates to residential
customers who replaced their old clothes washers with new, water efficient
clothes washers, which use about half the water and energy of the older
machines. The District has been offering the rebate program since 1995.

For FY 05/06, the rebate amounts, based on the water-efficiency rating of
the clothes washer, ranged from $100 to $150. (Tiers and the clothes
washers belonging to each tier are determined by a national energy
efficiency association, the Consortium for Energy Efficiency, with higher
tiers representing a more water-efficient clothes washer.) Clothes washers
in Tiers 2 and 3a received the lower rebate amount, and clothes washers in
Tier 3b received the higher rebate amount. During FY 05/06, this program
awarded 9,219 rebates to residents.

During FY 05/06, the District, along with ten other Bay Area Water
Agencies, was awarded a Proposition 50 grant from the Department of
Water Resources for a Bay Area Regional Residential High Efficiency Clothes
Washer Rebate Program. This program, which will begin in FY 06/07, will
take the progressive step of rebating only the most water-efficient clothes
washer tiers (Tiers 3a and 3b) in an effort to drive a market transformation
towards the purchase of more water-efficient clothes washers.

Residential High-Efficiency Toilet Program
The District’s High Efficiency Toilet (HET)
Program provides a $125 rebate to residents
when they replace their old inefficient toilet
with new HETs. This new generation of toilet
uses at least 20 percent less water than the
federally regulated 1.6 gallon per flush (gpf)
toilets. HETs include three types of
technologies: a pressure assisted flush, which
utilizes a flush valve similar to commercial grade
toilets; dual flush toilets which have full and half-
flush options; and gravity assisted flush toilets. The
District issued 146 high efficiency toilet rebates in
FY 05/06.

Left: County residents who upgrade their laundry equipment to high-
efficiency washers such as the one shown here can receive rebates from
the District of up to $150. Below: A high-efficiency toilet for which
county residents can receive a $125 rebate. 



Pilot Water Softener Rebate Program 
From 2001 to 2004, the District successfully implemented
the Pilot Water Softener Replacement Rebate Program with
partial funding from a Proposition 13 grant from the
California Department of Water Resources. One of the
driving forces in implementing the Pilot Program was
California Senate Bill (SB) 1006 (Water Softener Bill).
Enacted in November, 1999, the bill requires installed water
softeners to meet the efficiency rating of at least 4,000
grains of total hardness removal per pound of salt utilized.

The Pilot Water Softener Replacement Rebate Program was
designed to test the effectiveness of financial rebates in promoting the replacement
of timer-based, self-regenerating water softeners installed prior to November 1999
with new, demand-initiated regeneration (DIR) models. The DIR models implement
ion exchange only when a hardness limit is exceeded, thereby limiting discharge of
sodium-laden water to wastewater treatment plants. The program provided a
rebate incentive of $150 for residents in the county who replaced their pre-1999
water softener with a new DIR water softener, or a non-regenerating water filter,
or one using centralized off-site regeneration. 

The program was very successful, meeting its goal of 400 residential rebates. Results
from the customer feedback survey indicated 93 percent of rebate participants used
fewer bags of salt per month. The program yielded water, salt, and wastewater
treatment cost savings:

� Based on the participants’ monthly water consumption, the 
total annual water savings resulting from the program is more 
than 1.3 million gallons.

� The average annual salt reduction as a result of the program
was 240,000 pounds of salt. This salt would otherwise have been 
discharged to the wastewater system.

� The average savings in the wastewater treatment operating 
cost is estimated at $1,623 per year.
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Right: A demand-initiated, regenerational water softener, for which
county residents received rebates of $150.  Based on monthly water
consumption data, the annual water savings from this successful pilot
project is estimated to be more than 1.3 million gallons.



The success and innovative approach of the water softener
rebate program received great interest from local and
regional parties. On July 8, 2005, the District and the
Department of Water Resources jointly sponsored a
workshop in which more than 60 interested participants
representing 28 entities throughout California learned
about salinity management issues related to water softeners
on the state and local levels. In May 2006, the District
completed the final report for the Department of Water
Resources.  An electronic copy of the final report is available
from the District’s website, www.valleywater.org.

Full-Scale Water Softener Replacement Rebate Program
Building on the experience and lessons learned from the
pilot program, development of a full-scale Water Softener
Replacement Rebate Program is underway (approximate
timeline: December 2006). The program will be a regional
effort among the District, San Benito County Water District,
and South County Regional Wastewater Authority (SCRWA). 

The District and San Benito County jointly received a
$300,000 grant from the CA Department of Water Resources
under Proposition 50. The District is receiving $150,000 from
the grant, which will go toward 1,000 Santa Clara County
rebates of $150 each for the replacement of older water
softeners.

As a regional effort, SCRWA contributed $30,000 towards an
additional 200 rebates earmarked specifically within
SCRWA’s jurisdiction in the county, Morgan Hill and Gilroy,
an area that has mostly hard water, and therefore already
has a prevalence of water softening devices. A water
softener replacement rebate program is one solution to
managing salt entering the flow to the SCRWA facility.  The
program launched in October 2005.  The District and the
cities of Morgan Hill and Gilroy continue joint efforts to
educate residents in the SCRWA service area regarding
salinity issues.
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On average, about half of the water used by residents in the county goes to
irrigating outdoor landscape. Having focused attention for many years on indoor
water use, the District has now turned its attention to landscape—the area the
District sees as having the greatest potential for water savings in the residential
and commercial sectors. The District’s WUE program offers a variety of programs,
from irrigation evaluations and rebates for water-efficient irrigation equipment
to classes and workshops, to help businesses and homeowners become as
efficient as possible.

Weather Based Irrigation Controller (WBIC) Installation Program
The District’s Weather Based Irrigation Controller (WBIC) Installation
Program employs a new generation of irrigation controllers in managing
landscape water use. These controllers (also called “smart controllers”)
utilize data on temperature, relative humidity, wind speed and solar
radiation to calculate site specific irrigation schedules. The controllers
modify their irrigation schedules daily to remain consistent with the
landscape’s changing irrigation requirements. The program installed 41
WBICs in FY 05/06, with a target of 657 to be installed by June 2008.

Water-Efficient Landscape Rebate Pilot Program
The District’s new outdoor water conservation pilot program, the Water
Efficient Landscape Rebate Program (WELRP), which began in December
2005, was designed to help customers replace high water-using landscapes,
such as unused or unwanted irrigated turf grass, with District-approved low
water use plants and/or permeable hardscape. A five year study in Las
Vegas, Nevada found that homes that converted turf to xeriscape enjoyed
a 33 percent reduction in average monthly water use.

Based on water savings potential, this program provides
a rebate of $0.75 per square foot for replacing irrigated
turf grass. Single family residential customers can
receive a maximum rebate of $1,000 and large multi-
family residential, commercial, industrial, and

Water Conservation:

IN LANDSCAPE
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Below: WUE staff examine a
broken sprinkler head, which
contributes to inefficiencies in
landscape irrigation.



institutional customers can receive a maximum rebate of $10,000. The City
of Morgan Hill shared the costs of this program with the District and
increased the rebate for residents in Morgan Hill by an additional $0.75 per
square foot to $1.50 per square foot. They also increased the maximum
amount of the rebate to $2,000 for single family residential customers and
$20,000 for large multi-family residential, commercial, industrial, and
institutional customers. The District issued 14 WELRP rebates, and had 68
more applications in progress, in FY 05/06. 

Landscape and Agricultural Area Measurement and Water Use
Budgets Study (LAMS) 

Phase 1
In 2002, the District used multi-spectral images to identify landscape
and agricultural areas by parcel for over 900 square miles in Santa
Clara County. These images were then used to categorize types of
surfaces (such as areas of turf grass, trees, landscaping, water
features, bare ground, hardscape, etc.) for each parcel. This
information was used to calculate an optimal water budget for sites
around the county.

Phase 2
Concurrently, the District developed web-based
software that allows county water users to receive
a site-specific water budget on-line by entering
their contact information, meter readings, and
other data. (The landscaped areas used to
calculate the budget are provided by LAMS Phase
I.) This countywide water budget database allows
on-line users to compare their actual water usage
with recommended amounts for their specific
area.
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Multi-spectral images were used to develop "classification layers"
which identify different types of groundcover.



To provide even greater benefits from the study, the District recently
decided to expand the project by creating a statewide, web-based
resource. In partnership with Cal-Poly’s Irrigation Training and
Research Center, the District will develop software to make possible
water budgeting and irrigation scheduling through-out the state. On-
line users will be given a schedule—the optimum days and minutes of
watering time per week—for their specific landscapes, as well as
irrigation guidelines and other vital information. The project is
scheduled for completion by December 2006.

Irrigation Systems Hardware Rebate Program
This program aims at difficult-to-attain but cost-effective water
conservation on sites with one acre or more of irrigated landscape. After
participating in the District’s Irrigation Technical Assistance Program (ITAP),
commercial and residential large landscapes (one acre or more) are eligible
to receive a rebate of up to 50 percent (up to $4,500) on the cost of ITAP-
identified irrigation system upgrades. This program launched in December
2005 and will continue into FY 06/07.

Irrigation Technical Assistance Program
The District has been providing technical assistance to large landscape
managers since 1995 through the Irrigation Technical Assistance Program
(ITAP). Technicians check the irrigation system for deficiencies, determine
an optimum water use budget, and make site specific recommendations to
improve water management. ITAP participants can potentially save up to
1,500 gallons per acre per day, representing a potential $1,000 per acre cost
savings annually. The District provided 63 sites with ITAP services in FY
05/06. Since the program’s inception, over 700 parks, golf courses, large
commercial sites, and large residential developments have received ITAP
evaluations.

Some of the participating sites this year
include the Franklin McKinney School
District in San Jose, the Palo Alto Unified
School District, Gamble Gardens in Palo
Alto, Integrated Device Technology,
Juniper Networks, Santa Clara Marriott
Hotel, and Toyon Farms Home Owners
Association.
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An irrigation specialist discusses water-use
improvements at a commercial property. 



The Water Use Efficiency Unit combines education, technical assistance and
financial incentives to encourage reduced water consumption among
commercial, industrial and institutional water users. Such conservation programs
help businesses save on water, energy and sewage costs, and they reduce
wastewater flows to Bay Area treatment plants, thereby protecting the bay’s salt
marsh habitats. Annual water savings attributable to business conservation
programs reached 10,300 acre-feet in FY 05/06. 

Water Efficient Technologies Program
The Water Efficient Technologies (WET) Program provides rebates for
process, technology, and equipment retrofits that save water.  The rebate
rate is $4.00 per hundred cubic feet (ccf) of water saved annually with a
minimum annual water savings requirement of 100 ccf.

In FY 05/06, the District issued $43,000 in WET rebates and saved more than
300 million gallons of water due to this year’s projects as well as to previous
year’s projects (projects are assumed to have a minimum of a five-year
lifespan). Since 1997, the District and the City of San Jose have entered into
a cost-sharing agreement to jointly fund this program.  Additionally, in
2001 the District expanded this program county-wide.  To date, the District
has funded (either entirely or through cost-sharing with the City of San
Jose) $777,163 for 69 projects saving approximately 2,351,437 ccf over the
lifetime of the projects (which are assumed to have a five-year lifespan).

One highlight of this year’s program was a project at Streamline Circuits in
Santa Clara for the installation of an ion exchange system to reuse process
water in its circuit board facilities.  The project saves 18,732 gallons of
water per day (9,141 hundred cubic feet per year) and was awarded a
rebate of $18,281 (reflects 50 percent cost-sharing by the District with the
City of San Jose).  Another highlight of this year’s program was a project
done for Linear Technology in Milpitas for a water treatment system to
reuse water from fabrication facilities for its cooling towers.  The project
saves 3,200 gallons per day (1,600 hundred cubic feet per year) and was
awarded a rebate of $3,219 (reflects 50 percent cost-sharing by the District
with the City of San José). 

IN BUSINESS
Water Conservation:
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Commercial High-Efficiency Toilet (HET) Installation Program
In 2003, the District received grant funding from the California Department
of Water Resources (DWR) to perform “innovative high-efficiency
commercial plumbing retrofits,” including conducting a direct installation
program for commercial high-efficiency toilets (HETs) within the SCVWD
service area. 

The high-efficiency toilets installed through this program, whose pressure
assisted flushing mechanisms use only 1.0 gallon per flush, save about 35
percent more water than conventional Ultra-Low Flush Toilets (ULFTs),
which use 1.6 gallons per flush. To increase the savings still further, the HETs
are marketed primarily to commercial sites with high savings potential,
such as restaurants.

In FY 05/06, nearly 1,200 HETs were installed in approximately 100 different
locations, which is an increase of about 300 HETs from FY 04/05.

Commercial Clothes Washer Rebate Program
The Commercial Clothes Washer Rebate Program provides laundromats and
apartment complexes in Santa Clara County a rebate of $225 to $450 for
each purchased or leased commercial high-efficiency clothes washer. This
year, the District rebated only the most water efficient machines (Tiers 3a &
3b). By doing this, the District hoped to influence buyers to make the more
water-efficient choice. The Commercial Clothes Washer Rebate Program
provided 223 rebates in FY 05/06. 

Medical Equipment Rebate Program
In 2003, the District received Proposition 13 grant funding for innovative
commercial, industrial and institutional water efficient equipment retrofits,
which included medical equipment rebates and the high-efficiency toilet
installation program. The Medical Equipment Rebate Program was
developed and launched in September 2004, rebating water efficient x-ray
film processors and non-water using vacuum pumps. This program,
targeting hospitals, clinics and dental offices, and continued throughout FY
05/06. During this time, one hospital, Los Gatos Community Hospital, took
advantage of the rebate and upgraded three of their x-ray film processors.
Due to advances in technology, hospitals and clinics are now opting for
digital x-ray machines.  Therefore, the demand for the x-ray film processor
rebates has diminished.
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Right: A WUE Unit intern inspects a high-
efficiency washer. Far right: The District's
consultant on a water survey.



Commercial, Industrial, Institutional (CII) Water Use Survey Program
This program for commercial, industrial and institutional establishments in
Santa Clara County began in FY 04/05 and will continue into FY 06/07. It
provides:

� A thorough survey of the indoor water use of CII establishments
� Suggestions for ways to become more water efficient
� Recommendations for District programs that can help fund water 

efficiency improvements

For FY 05/06, twelve reports were completed, for a total of 23 completed
reports. Participants this fiscal year included Amex Plating, CV Therapeutics,
T. Marzetti, the Palo Alto Unified School District, the Palo Alto Medical
Foundation, and De Anza and Foothill colleges.

The reports recommend District programs that can help fund water
efficiency programs, such as the Water Efficient Technologies Program and
the Irrigation Technical Assistance Program, to expedite equipment
changes and address outdoor water use. Because most of the water savings
potential seems to exist in the industrial and institutional sectors, those are
the sectors targeted for the remaining surveys. At the conclusion of this
program, a final report detailing the water savings potential identified at
these facilities will be published.
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Far left:  A look inside a high-efficiency toilet.
Left: A water-efficient x-ray film processor at
Los Gatos Community Hospital.



The District’s Water Use Efficiency program conducts winter and spring growers’
meetings and provides technical assistance to help growers improve irrigation
practices. This is done to facilitate growers’ compliance with the non-point
source discharge regulations of the Regional Water Quality Control Board.
District agricultural programs also support the Central Valley Project
Improvement Act, an historic compromise between agricultural, urban and
environmental interests concerning the allocation of water resources.

Mobile Lab Program
The District’s Mobile Lab Program started in 1998 to assess the uniformity
of grower’s irrigation systems. The Mobile Lab program provides free pump
and irrigation system evaluations to farmers and greenhouse operators.
Since its inception, it has provided 325 irrigation system evaluations to 98
growers, which represents a total of 7,845 acres. Potential cumulative
water savings of 6,060 acre-feet have been identified. Financial incentives
for program participation are provided by discounts to the groundwater
withdrawal fees.

Growers can increase the efficiency of their water use through
improvements in irrigation system uniformity. These, in turn, enable them
to increase the efficiency of their fertilizer use. These improvements reduce
the leaching of fertilizer-derived nitrogen to the
groundwater. This program has helped both in
irrigation efficiency and groundwater quality.
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IN AGRICULTURE
Water Conservation:

Orchard participating in the Mobile
Lab program for irrigation
management.



California Irrigation Management Information System (CIMIS)
This valuable free service provides daily reference evapotranspiration
estimates to growers and landscape irrigators to use for scheduling
irrigation. Reference evapotranspiration is the water use of a standardized
green grass crop. Crop evapotranspiration is related mathematically to
reference evapotranspiration.

The District owns and maintains two CIMIS weather stations in Santa Clara
County. One is active at Live Oak High School in Morgan Hill (since 1997),
and one was temporarily decommissioned in November 2002 pending
relocation. The weather stations measure sunlight intensity, humidity, wind
speed and direction, and temperature every six seconds to estimate
reference evapotranspiration.

The District’s CIMIS weather stations are part of a statewide network of
stations from which the California Department of Water Resources’ (DWR)
central computer downloads data nightly. Growers and landscape irrigators
can access current irrigation scheduling information around the clock by
visiting the District web site at www.valleywater.org.

The District also gathers weather data from so-called “non-ideal” sites.
These are sites throughout the county (and the state) which do not meet
the specifications for a standard CIMIS station. Non-ideal sites are
correlated to their nearest CIMIS site, and this relationship provides a
means of making non-ideal evapotranspiration data site specific. This long-
range project will give landscape managers in local microclimates more
accurate data for their irrigation decisions.
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The key to any program’s success is a good education and outreach component.
To this end, the District has worked hard to develop effective and informative
classes and materials.

Water Use Efficiency Nursery Program
For the last eight years, the District has distributed water conservation
information through display racks located at county nursery and garden
stores. These display racks contain literature discussing water-wise
gardening, efficient lawn watering, drought resistant plants, drip irrigation
and District programs. In FY 05/06, 20 nurseries participated in the program
throughout the county.

Water-Efficient Landscaping Workshops for Homeowners
The District held its 14th annual Water Efficient Landscaping Workshop
series in March 2006 over four weekends. The topics were: Selecting Plants
for your Water-Wise Garden, Water Efficient Irrigation Design, Water-Wise
Garden Design, and Gardening with Natives. The workshops are presented
by landscape and irrigation experts each spring to provide practical advice
on water-saving gardening. A total of 145 people attended this series of
workshops.

Community Events
The District promoted water use efficiency at numerous community events
in FY 05/06, including a gardening workshop in the Mayfair community,
Water Conservation Day at the San Jose Giants, irrigation seminars for
landscape professionals, landscaping workshops for homeowners, and
many others. These events give the District’s WUE program an opportunity
to talk to the public directly, and to educate them about water use
efficiency with hands-on displays, educational handouts and free, water-
efficient device distribution.

EDUCATION & OUTREACH
Water Conservation:

Right from top to bottom: Kurt Elvert spreading the word on water conservation
awareness at a San Jose Giants game; plants at one of the nurseries participating in the
District’s Nursery Program; participants at a seminar for water-wise gardening with
native plants.
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Water Awareness Campaign
Each year, the District develops a Summer Water Awareness Campaign. The
campaign consisted of television, transit, radio and print advertising, started in
May and lasted through the summer. It’s main goal was to increase community
acceptance of the importance of conserving water—even when we’re not in a
drought—and to encourage community members to adopt water-efficient
behaviors and implement water-saving technologies to help ensure that future
water supplies are adequate.

Going Native Garden Tour
The District co-sponsored 4th Annual Going Native Garden Tour 2006 took
place on Sunday, April 30th. The tour was a great success, showcasing 46
native plant gardens throughout Santa Clara and San Mateo counties, with
a recorded 7,600 visitors. The District has sponsored this event since its
inaugural year. This year, in addition to being one of the event sponsors,
the District was also a featured garden on the tour. In an effort to increase
public awareness of native and low-water-using plants, District staff
created signage for 96 California plants located around the Almaden
campus. These signs provide information regarding each plant’s water and
sunlight requirements, attractiveness  to deer, California native plant status
and a brief plant description.

The Going Native Garden Tour is the Bay Area’s first native garden tour.
This community-based event is free of charge to the public. Each tour
features home and public gardens in a self-guided tour format. Its goals are
to demonstrate reduced water, chemical and pesticide use, improved
habitat and the unique aesthetic appeal of gardens designed with
California native plants.

Left, top to bottom: California poppies are among the most
popular and prolific native plants and appear frequently in
water-wise gardens; participants at one of the District’s many
community outreach seminars; residents admire the native plants
at the District for the Going Native Garden Tour; A WUE Unit
intern talks with visitors to the Home and Garden Show about
water-efficient landscaping. 



Seminars for Agriculture Professionals
Since 1998, the District has presented two workshops annually for
growers—one in April and one in December—on topics relating to water
and fertilizer use efficiency, District programs, farm safety and legal
compliance. All workshops have been presented with simultaneous Spanish
translation.

Annual Winter Growers Meetings
The District co-sponsored an Annual Winter Growers Meeting in
December 2005, which covered topics such as irrigation scheduling
with CIMIS and tensiometers, and preventing run off and
groundwater contamination.

Annual Fertigation Workshops for Irrigators
The 2006 Annual Fertigation Workshop was held on July 12
in Hollister. The workshop included a simultaneous Spanish
translator.

Landscape Irrigation Workshops for Professionals
The District conducts a special one-day water conservation
workshop each year for landscape contractors. Topics change
annually as irrigation issues are identified in the field. In FY
05/06, the workshop covered basic hydraulics of an irrigation
system, how to increase distribution uniformity, and common
mechanical and electrical problems. The District offers the
contractor workshops in both English and Spanish.
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An instructor explains the distribution of
fertilizer through the irrigation system with
time.



2005
JULY

8 � A Salinity Management Strategy, Water Softener Rebate Program Workshop
Co-sponsored by Department of Water Resources, San Jose

10 � Summer Water Conservation Campaign Education Table
Orchard Supply Hardware (OSH), promoted by OSH & KBAY Radio, San Jose

23 � Summer Water Conservation Campaign Education Table
Orchard Supply Hardware (OSH), promoted by OSH & KBAY Radio, Sunnyvale

AUGUST
6 � Summer Water Conservation Campaign Education Table

Orchard Supply Hardware (OSH), promoted by OSH & KBAY Radio, San Jose
20 � District Water Conservation Day

San Jose Giants, San Jose
21 � Summer Water Conservation Campaign Education Table

Orchard Supply Hardware (OSH), promoted by OSH & KBAY Radio, San Jose
27 � Water-Wise Gardening Workshop for Mayfair Community Gardeners

Mayfair Community Garden, San Jose
SEPTEMBER

10 � Guadalupe River Park Grand Opening
Columbus River Park at Guadalupe Gardens, San Jose

9-11 � 24th Annual South Bay Home and Garden Show
Santa Clara Convention Center, Santa Clara

27 � Fertigation Class, hands-on field instruction for irrigators and growers
In cooperation with UC Cooperative Extension, Salinas

28 � Stewardship for Small Acreage Vineyard Tour and talk about Vineyard Irrigation,
Gilroy

DECEMBER
13 � Annual Winter Growers Seminar

Co-sponsored by the Santa Clara County Dept. of Agriculture, San Martin
13-15 � Irrigation and Water Budgeting Training Session

Co-sponsored by Irrigation Training and Research Center, Cal Poly
16 � Bay Area Chrysanthemum Growers Association Continuing Education Meeting

In cooperation with UC Cooperative Extension and the Santa Clara County
Department of Agriculture, San Jose

17 � Drought Tolerant Plants, Information Table and Display
Common Ground Garden Supply and Education Center, Palo Alto

2006
JANUARY

27 � Ecological Farming Conference
Asilomar Conference Center, Asilomar

FEBRUARY
16 � San Mateo/Santa Cruz Growers Meeting

In cooperation with Pajaro Valley Management Agency and UC Cooperative 
Extension, Watsonville

Water Conservation:
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CALENDAR OF EVENTS
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MARCH
4 � Water-Wise Garden Design

Santa Clara Valley Water District, San Jose
4 � Green Building Fair

Santa Teresa Hills Presbyterian Church, San Jose
11 � Selecting Plants for your Water-Wise Garden

Santa Clara Valley Water District, San Jose
14 � San Benito and Santa Clara Counties Spring Growers Meeting

In cooperation with San Benito County Water District and UC Cooperative 
Extension, Hollister

18 � Gardening with Natives
Santa Clara Valley Water District, San Jose

25 � Water Efficient Irrigation Design
Santa Clara Valley Water District, San Jose

28 � VEP Community Association Home Faire
Gunderson High School, San Jose

APRIL
1 � Master Gardeners' 12th Annual Spring Garden Market

San Jose Mercury News, San Jose
18 � Earth Day at Intel

Intel Headquarters, Santa Clara
22 � Palo Alto Greenlight Earth Day Film Festival

Gunn High School, Palo Alto
29 � City of Gilroy Earth Day Event

Christmas Hill Park, Gilroy
30 � Fourth Annual Going Native Garden Tour

Various home gardens landscaped with California native plants located all 
over Santa Clara County, including the Santa Clara Valley Water District

MAY
3 � Stewardship for Small Acreage Vineyards

Presented for Loma Prieta Resource Conservation District, Gilroy
13-14 � Housing Fair Event

San Jose Flea Market, San Jose
31 � Presentation on the Mobile Lab Program

Presented at the Farm Water Quality Planning Class Tour, for the UC 
Cooperative Extension and Farm Bureau at Morgan Hill

JUNE
3 � ECHO (Executive Council of Homeowners) Annual Seminar and Trade 

Show, Santa Clara
6-7 � Fertigation Class, hands-on field instruction for irrigators and growers

In cooperation with Agriculture and Land Based Training and the UC 
Cooperative Extension, Salinas



PUBLICATIONS
Water Conservation for Residents and Water

Conservation for Businesses
Each of these new brochures provides a summary

of the water conservation programs offered
by the District; one for residents, the other

for businesses. They are available in
Spanish and Vietnamese as well as
English.

Weather-Based Irrigation Controller 
Program Brochure

This new brochure describes the District’s
new Weather-Based Irrigation Controller

Program.

A Bay-Friendly Landscaping Guide to Mulch
This publication, produced by StopWaste.org and

cosponsored by the District, describes the important and
proper application of mulch. The District distributes this 15

page publication at outreach events and in water-wise
landscaping classes.

Handbook for Agricultural Water Use Efficiency
This handbook describes how to integrate the tools
available to Santa Clara County growers into operations
to maximize their water and fertilizer use efficiency.
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Water use efficiency is a community-wide effort, and it will take the
cooperation of many agencies, organizations and water retailers to meet
future water supply goals. The District maintains cost-sharing agreements with
many area cities and utilities to provide water-use efficiency programs for
residential and commercial water customers.

The District’s WUE program administered over $673,000 in cost-sharing
agreements in FY 05/06. Cost-sharing agreements that were active in FY 05/06
included:

� City of Palo Alto:
Cost-sharing agreement for a variety of  water conservation 
programs: $96,405

� City of Santa Clara:
Cost-sharing agreement for commercial high-efficiency clothes 
washer rebates: $12,500

� City of San José:
Cost-sharing agreement for a variety of water conservation 
programs: $460,000

� California Water Service Company:
Cost-sharing agreement for a variety of water conservation 
programs: $25,000

� City of Morgan Hill:
Cost-sharing agreement for the Water-Efficient Landscape 
Retrofit Program: $50,000

� South County Recycled Water Authority:
Cost-sharing agreement for the Water Softener Rebate 
Program: $30,000

25

Water Conservation:

COST-SHARING AGREEMENTS,
PARTNERSHIPS & GRANTS

Technician installs High-Efficiency Toilet in restaurant.



The District also relies on grants from state and federal agencies to help fund
program expansion and vital research.The District’s WUE program participated in
many different on-going grant projects this year, including:

� Weather-Based Irrigation Controller Program:
This regional DWR Proposition 13 grant for funding weather- 
based irrigation controller retrofits began in FY 05/06.

� Residential Clothes Washer Rebate Program:
A regional DWR Proposition 13 grant-funded program began in
FY 04/05 and continued into FY 05/06.

� Irrigation System Hardware Rebate Program:
This DWR Proposition 13 grant-funded program began in FY
05/06.

� Commercial Clothes Washers Rebate Program:
The California Public Utilities Commission funded this regional
grant program, administered by Energy Solutions, to help fund
high-efficiency clothes washer rebates. Funding concluded in
December of 2005.

� Innovative High-Efficiency Commercial 
Equipment Retrofit Program:
This program, funded by a DWR Proposition
13 grant, was designated to help fund
financial incentives to replace  commercial
equipment with water-efficient models.
This program commenced in FY 04/05 and
continued through FY 05/06.

� Demonstration Garden:
The District’s WUE program applied for and
was awarded $146,000 in grant funding
through a DWR Proposition 50 grant.
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Adjusting the controller of a residential water-efficient
landscape irrigation system.



The District is continually conducting research, on its own and in collaboration with other
agencies, to increase water savings and cost-effectiveness in its water-conservation programs.
Data from the studies and research listed below will be vital in creating an effective, long-range
water-management strategy for Santa Clara County.

The District is striving to gain reliable information on how conservation programs work most
efficiently. Ongoing research helps us evaluate the cost-effectiveness of our programs, as well
as test new programs and water-saving devices as they become available.

How do the attitudes and practices of residential, business, and agricultural customers affect their
water use? Which programs and users have the greatest water savings potential? How can we
use the latest technology to give customers the water conservation tools they need? These are
just a few of the important issues being explored in the following studies.

District’s WUE program Strategic Plan
Water conservation, recycling, and desalination are an integral part of the current and
future water supply source for the future. The Water Use Efficiency Strategic Plan will
establish a road map for the Water Use Efficiency Unit. It will recommend a comprehensive
set of programs in the areas of water conservation, recycling, and desalination, along with
cost-benefit analyses and savings potential. The Plan will also help the District’s WUE
program fulfill its commitment to the CEO Comprehensive Plan with regard to water
conservation and recycling, and is expected to be completed in FY 06/07.

Artificial Turf Feasibility Study
Artificial turf has the potential to save substantial quantities of water, and as
such, has received considerable attention from the water conservation
community. Before the District decides whether to offer financial incentives for
the installation of artificial turf in the business and residential communities, the
District plans to determine whether there are any adverse water quality impacts
to groundwater or surface water due to artificial turf installation. A preliminary
study done by the District suggests that heavy metal contamination (specifically
zinc, copper, barium and chromium) may be a concern.

In FY 06/07 Phase II of the Artificial Turf Feasibility Study will investigate water
quality at field sites around the county where artificial turf has been installed.

Water Conservation:

STUDIES & RESEARCH
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Residential Irrigation System Hardware Retrofit Program
By building on the customer information accrued through the Water Wise  House
Call Program over the last three years, the Residential Irrigation System
Hardware Retrofit Program (funded by a $235,000 Water Use Efficiency grant
from the U.S. Bureau of Reclamation) targets the installation of water-efficient
irrigation hardware on residential sites previously identified as having high,
unrealized conservation potential. By building on the customer information
accrued through the Water Wise House Call program in the last three years, this
program aims at difficult-to-attain but cost-effective landscape conservation.
These hardware installations can be expected to produce water savings lasting
longer than the savings that can be attained through behavioral change alone.
This project is expected to begin in FY 06/07.

Cooling Tower Conductivity Controller Rebate Pilot Program
District research and analyses indicate that significant water-use efficiency
improvements can be achieved by improving the water efficiency of the cooling
towers used to regulate air temperature in commercial facilities. Cooling towers
use substantial quantities of water, and approximately 75 percent of them do not
use water efficiently. Cooling tower conductivity controllers and cooling tower
pH controllers both produce more efficient water use. 

This program will help increase water use efficiency by providing rebates to CII
customers for the installation of cooling tower conductivity controllers and pH

controllers. The amount of the rebate likely will be
based on the size of the cooling tower. This program,
which will be done  through a grant from the CUWCC,
is expected to begin in FY 06/07. 

FUTURE PROJECTS
Water Conservation:
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Demonstration Garden
The water use efficiency demonstration
garden will be an educational resource,
test facility and learning center providing
environmentally sound and cost effective
landscaping alternatives. The overall goal
of this project is to design and develop a
unique demonstration landscaping site
that promotes water-use efficiency. Its
primary purpose is to educate the general
public on the use of water-wise plants
while promoting efficient irrigation
technologies and recycled water use.

A conceptual design for the
demonstration garden has been
completed. To offset some of the
construction costs, the Water Use
Efficiency Unit applied for and was
awarded $146,000 in grant funding
through Proposition 50 (the District will be
responsible for approximately $48,000 of “in kind” costs which are primarily

annual maintenance
costs). The District is also
working with the City of
San José Parks and
Recreation Department,
the Guadalupe Gardens
Technical Committee,
and the Friends of
Guadalupe Park and
Gardens to assist in the
implementation of the
project.
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Top: The demonstration garden will
focus on landscape design that
promotes water-use efficiency through
the use of water-wise plants such as
the ones shown here; Bottom: Detail
from the conceptual design for the
District's future demonstration
garden.
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Overview
To ensure that the mission of the District is realized, the Board of Directors has established
organizational outcomes, or Ends Policies, to be achieved by the CEO and staff. Ends Policies
describe the specific outcomes to be achieved, starting with general statements followed by
specific descriptions. 

The District’s 2003 update to the Integrated Water Resources Planning Study and the 2005
Urban Water Management Plan identified water recycling and desalination, along with water
conservation, as key components in meeting future dry year shortfalls. Recycled water and
desalination are all-weather resources. Increasing recycled water supplies in Santa Clara County
would increase overall water supply reliability, augmenting the District’s imported water supply.
The 2005 Urban Water Management Plan’s projection for recycled water in the year 2010 is
almost 17,000 acre-feet. This represents a shortfall of approximately 2,500 acre-feet from the
Board’s 5 percent target for 2010. Similarly, the 2020 projection estimates that, at the current
levels of effort, recycled water expansion in 2020 will only be 25,000 acre-feet, which is an
almost 15,000 acre-feet shortfall from the Board’s 10 percent target of 40,000 acre-feet.
Recycled water use is being expanded in accordance with another Board Policy that calls for
groundwater quality to be aggressively protected from contamination or threat of
contamination. However, if recycled water use is to reach Board targets, a significant investment
in recycled water expansion projects will need to be made.

WATER RECYCLING
& DESALINATION



The 2003 IWRP has the following
recommendations for water recycling and
desalination:

� Encourage investments in New 
Local Water Sources—the District 
should continue to explore local 
options, such as expanded
conservation, groundwater
recharge, water recycling, 
desalination and local storage 
to promote a greater variety of 
water sources.

� Resolve quality and market issues related to recycled water and 
evaluate potential use in the future.

� Conduct further study of advanced treatment of recycled water.
� Engage the public to avoid hurdles in recycled water perception and 

acceptance.
� Seek funding for advanced treatment projects and other recycled 

water projects.
� Explore the feasibility of desalination through studies to confirm

potential quantities, public acceptance and costs. The 2003 IWRP 
recommends feasibility study work on both brackish desalination 
and seawater/bay desalination.

Taking these steps now will prove valuable if the District contemplates
expanding recycled water over unconfined areas as well as potential indirect
potable reuse in the future.

The 2005 Urban Water Management Plan specifically states that, “the difference
shown between recycled water projection and the District target in 2010 and
2020 will potentially be achieved by additional investments in recycled water
projects including advanced treatment of recycled water, groundwater recharge
and streamflow augmentation.”

In FY 05/06, all projects and programs were conducted in accordance with District
Board policies as well as with 2003 IWRP recommendations and 2005 Urban
Water Management Plan.
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Recycled water use is especially important for irrigation and industrial uses
because it makes potable, surface and groundwater available for drinking
purposes. Using recycled water also protects the bay’s salt marsh habitat by
reducing freshwater effluent released from wastewater treatment facilities
into the San Francisco Bay. By laying the groundwork now for new programs
and studying recycled water uses and issues, the District will be ready to
create more partnerships and systematically expand countywide water
recycling.

Advanced treated recycled water is being studied intensively to assess its
suitability for protecting current baseline uses, future groundwater
recharge and future potential stream flow augmentation to enhance the
District’s conjunctive water management.

The District’s approach to recycled water expansion is to develop
partnerships with the cities and publicly owned agencies that produce
and/or distribute recycled water. The District has entered into recycling
partnerships with all four recycled water producers in Santa Clara County:
the South Bay Water Recycling Program (SBWR) operating out of the San
José/Santa Clara Water Pollution Control Plant, the Sunnyvale Water
Pollution Control Plant (Sunnyvale WPCP) and the South County Regional
Wastewater Authority (SCRWA) in Gilroy. In FY 04/05, the District began
studies of plant and soil limitations to recycled water quality and the site-
specific, best-management practices for use of recycled water for the City of
Mountain View and the Palo Alto Regional Water Quality Control Plant
(Palo Alto RWQCP).

The District sees desalination as a viable way to diversify its water supply
portfolio and increase supply reliability. The 2003 Integrated Water
Resources Planning Study identified two preliminary objectives for
desalination: augmentation of the District’s current water resources, and
creation of greater drought or emergency reliability by serving as a
consistent, supplemental water supply source. 

A WUE Unit intern collects a water sample.
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The South Bay Water Recycling (SBWR) Program, administered by the
City of San José, produces the majority of recycled water delivered
within Santa Clara County. In FY 05/06, the program produced 8,000 of
the total 14,000 acre-feet of recycled water used in the county. The
SBWR Program was created to reduce the environmental impact of
freshwater effluent discharged into the salt marshes of the south end
of San Francisco Bay to help protect two endangered species: the
California clapper rail and the salt marsh harvest mouse. The state
requires that the San José/Santa Clara Water Pollution Control Plant
keep summer wastewater flows below 120 million gallons per day.

The District has been working with the City of San José on its recycled
water program since 1994, providing financial and technical support
for system expansion, and acting as a liaison with water retailers. In
addition, the District has provided financial incentives since 1995 for
recycled water used to displace potable water. The partnership
between the District and the City of San José provides for distribution
of recycled water within the cities of San José, Santa Clara and
Milpitas. In the FY 05/06 time frame, this agreement was amended for
continuation through June 30, 2007. The District has provided almost
$1 million in financial incentives to the City of San José for the FY 05/06
recycled water used to offset the demand for District potable water
supplies.

In January 2002, the San José City Council and District Board of
Directors agreed to develop an institutional framework for the
ownership, operation, maintenance and expansion of South Bay
Water Recycling that most effectively meets the needs of the
community. This collaborative effort defines the relationship between
the District and the SBWR Program, and helps meet the water supply
and wastewater discharge needs of the South Bay community.

In 2006, the District and the City of San Jose will work together to
complete the design requirements for a five-mgd recycled water
facility.  This is in alignment with improving the quality of recycled
water to further expand its uses.  The project sponsors are also
planning on applying for state and federal grants to offset the future
construction cost.

Water Recycling:

SOUTH BAY WATER RECYCLING PROGRAM
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Facilities and Customers
The combined costs of Phases 1 and 2 of the SBWR Program was $220
million, which funded pipeline expansion and included the construction of
one hundred miles of pipeline. The system is capable of delivering 21
million gallons per day (mgd), and so far has delivered above 11 mgd on
hot summer days. It serves more than 500 customers, mainly for landscape
irrigation at parks, schools and golf courses.

Industrial users were slow initially to accept recycled water, but their
number has increased over the years. With the recent additions of Los
Esteros Critical Energy Facility, the Donald Von Raesfeld Power Plant (also
called Pico Power Plant), and Metcalf Energy Center (MEC), industrial use
comprised an increasing share of SBWR’s demand. Industrial uses of
recycled water include water processing for manufacturing and for cooling
towers. Dual plumbing for non-potable restroom uses is also increasing,
especially in commercial high-rise developments. Several commercial
complexes including Nortel, Yahoo! and Cisco are dual-plumbed for toilet
flushing. Recently, the new San José City Hall and the Martin Luther King
Jr. Library were also dual plumbed for use of recycled water.

Silver Creek Pipeline/Coyote Valley Specific Plan
The District entered into an agreement with the SBWR Program and
invested approximately $5.5 million, or 25 percent of total construction
costs, in seven miles of the 30-inch Silver Creek Pipeline. The pipeline
delivers approximately 3,000 acre-feet per year of recycled water to the
new MEC, which began operation in June 2005. As part of the agreement
with the SBWR Program, the District maintains the sole right to use a
capacity of 5 mgd and any unused capacity of the total 15 mgd, and
becomes the recycled water wholesaler to the Santa Teresa area and
Coyote Valley.

The Coyote Valley Specific Plan Development is a “new town” envisioned
to create 50,000 jobs and 25,000 housing units in North and Mid-Coyote
Valley and establish a permanent greenbelt in South Coyote Valley. The
Silver Creek Pipeline Agreement with the SBWR Program will become the
foundation of a recycled water supply to the Coyote Valley project.
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The City of San Jose's new City Hall
uses recycled water for irrigation,
water features and toilet flushing.



The District’s Water Supply Availability Analysis
projects the Coyote Valley development’s water
demand to be 16,000 to 20,000 acre-feet per year,
and identifies recycled water as the key component
for sustainable development because of its drought-
proof nature. Finally, advanced treated recycled
water can be used for non-potable irrigation uses to
offset demand on the Coyote Subbasin, which has a
limited storage capacity. The estimated recycled
water demand for nonpotable uses is 4,000 acre-feet
per year.

The analysis also suggests that advanced treated
recycled water could provide source water for
supplementing the groundwater subbasin. It has
been agreed between the City of San José, the
District and other stakeholders in the South Bay
Water Recycling Collaborative process that recycled
water should be advanced treated in order to ensure
the maintenance of groundwater quality in the sensitive Coyote Subbasin. If the District’s and City
of San José’s joint application for State grant funds is successful, a 5 mgd advanced recycled water
treatment facility in the next few years may be erected. The District began the consultant
selection process for design and construction drawings for this facility, in order to align with the
potential grant timeline requirements.

Reimbursement Agreement/Distribution Cost
The District continues to provide financial assistance to recycled water purveyors of $115 per acre-
foot of recycled water, because recycled water supplements the county water supply and
strengthens the reliability and diversity of the District’s water portfolio. The District and City have
executed a two-year extension to their financial incentive agreement. This will expire by June 30,
2007. The District and City of San José have on-going monthly (and sometimes more often)
meetings to review other forms of partnership, including cost-sharing of a future advanced
treated recycled water facility.
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The District has been exploring more active partnership roles with SBWR. An
alternative could be cost sharing on expansion projects. As with the Silver Creek
Pipeline arrangement, the District could contribute to a construction project in
exchange for exclusive system capacity. This capacity would allow the District to be
the wholesaler in new service areas. The District and City staff frequently discuss new
partnership opportunities and joint projects that will improve water quality and the
use of recycled water. The District has expanded efforts in FY 05/06 to seek federal
funding for an advanced treatment plant. 

Early large-scale development in an area,
including the planning of a new town,
provides a unique opportunity to cost-
effectively develop the infrastructure for
recycled water delivery. While recycled water
is being deployed throughout the county, its
pace of deployment can be economically
accelerated in new development. New water
supply demands throughout the county may
require recycled water components. The
North San José development and Coyote Valley exemplify this.

The City of San José’s envisions a minimum of 25,000 households, 50,000 jobs and
80,000 people  for the Coyote Valley development. The City of San José also has new
development plans for the area in North San José. The District’s goal is to work
collaboratively with the City and other stakeholders to realize a shared vision for a
sustainable and environmentally sensitive development that contributes to a
sustainable and enhanced quality of life for the existing and future residents of
Coyote Valley, the City of San José and all of Santa Clara County.
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Above left: Recycled water reservoir construction by
South Bay Water Recycling Program. Right: Golf Course
irrigated with recycled water from South Bay Water
Recycling Program.

Why is it opportune to
consider recycled water
use in upcoming future
developments,
including Coyote Valley
and North San José?



Recycled Water Expansion Plan for Palo Alto 
The Palo Alto Regional Water Quality Control Plant (RWQCP) serves Palo Alto,
Mountain View, Los Altos, Los Altos Hills, Stanford University and the East Palo
Alto Sanitary District. In 2005, RWQCP delivered 2306 acre-feet of recycled water,
which included 1,000 acre-feet of treatment plant processing use that was not
recorded in previous years.

In 2005, RWQCP completed the planning phase of its Palo Alto/Mountain View
Pipeline Extension with the goal of replacing the existing pipeline to the
Shoreline Golf Course and extending the pipeline to the Mountain View-Moffett
area. The proposed pipeline follows the levees along Matadero Creek, and will
be located adjacent to East Bayshore towards Mountain View. The pipeline
replacement helps fulfill RWQCP permit requirements. The RWQCP is required to
operate and maintain the Water Reuse Program to mitigate the discharge of
treated wastewater to San Francisco Bay.

Engineering and design of this project started in summer 2005, and construction
is expected to begin in 2007. The project cost will be shared between the RWQCP
and the cities of Palo Alto and Mountain View and will receive up to $4 million
in State Proposition 50, Chapter 7 grants. The cost of this project is estimated at
approximately $26 million. Mountain View is to fund $6 million, and the City of
Palo Alto, $4 million. The project sponsors have also applied for other state and
federal grants to offset this cost.

Water Recycling:

PALO ALTO
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This multi-million dollar project was at risk at one
point when concern about the sensitivity of
redwood trees to the salinity in recycled water
became a prominent issue in the South Bay. The
District stepped in, offering a “Solutions Project” to
ensure recycled water, properly manufactured and
applied, would not contribute to redwood tree or
landscape decline. This “Solutions Project” also
garnered the interests of the cities of Santa Clara
and San José, which joined the effort. This project
evaluates water quality, soil and drainage issues
following the investigation phase, and will develop
solutions or best management practices based on
site-specific landscape, soil and water qualities. The
Solutions Project helped get the project back on

track. The mayor of the City of Mountain View
expressed his appreciation by sending a

letter to then-District Board Chairman Joe
Judge.

Redwood trees, such as the one shown here, were monitored by the
District to ensure that recycled water, properly applied, would not
contribute to the decline of redwood trees in the area. The inset
shows the effect of saline soil on redwoods.
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Water Recycling:

SUNNYVALE
Support for Sunnyvale's Recycled Water Program
The City of Sunnyvale has experienced a slight increase in recycled water
consumption and a meaningful decrease in potable water consumption,
primarily due to a combination of wet weather and economic downturn. The
District has provided a financial incentive to the City of Sunnyvale’s water
recycling program since 1997 at the rate of $115 per acre-foot of recycled water
used to offset potable water. The reimbursement by the District helps the City
offset the deficit between revenues and expenses, and enables the City to make
additional capital improvements to increase system reliability and expand system
capacity. The District and City of Sunnyvale executed a two-year extension, which
will expire by June 30, 2007. The District and City have on-going bi-monthly
meetings to discuss other forms of partnership that will assist in the expansion of
recycled water.

The Sunnyvale Water Pollution Control Plant (WPCP) plans to expand its water
recycling systems in order to meet state and federal discharge requirements.
Staff from the City and the District have had discussions on developing a long-
term comprehensive operating strategy and on near-term recycled water
expansion opportunities. Expansion could improve the reliability of the system,
and provide improved hydraulic stability and greater versatility by “looping” the
system. Possible expansion could include providing recycled water to Moffett
Field Golf Course and a proposed new development at NASA Ames. Serving these
new customers may require a collaborative effort between the District, the City
of Sunnyvale, the City of Mountain View, the City of Palo Alto and the San
Francisco Public Utilities Commission. This work will require significant
improvements to the distribution system. The looping of the system, as well as
additional storage and pumping capacity would be required to provide water in
sufficient quantity and pressure to meet the demands of customers within the
city limits.
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Water Recycling:

District Takes on Different Roles for Recycled Water 
The District maintains different recycled water roles in the county. For
example, in south Santa Clara County, the District is a wholesaler of recycled
water. The South County Regional Wastewater Authority (SCRWA) produces
recycled water and the City of Gilroy is the retailer. The District, Gilroy and
SCRWA have producer-wholesaler-retailer agreements in place delineating
their respective roles and responsibilities. This differs from the north part of
the county, where the District is not a producer/wholesaler/retailer. The

District takes on partnership roles and enters into agreements for joint pipeline construction
projects, recycled water reimbursement incentives, or joint water quality studies that all lead
toward the goal of expanding recycled water used in the county.

Background
In 1977, the Santa Clara Valley Water District, the City of Gilroy and the Gavilan Water
Conservation District (which was merged with the District in 1989) entered into a
partnership to construct and operate a recycled water system extending from the SCRWA
treatment plant southeast of Gilroy to several customers along Hecker Pass Road. The
system operated sporadically for about 20 years.

In 1999, the District and the SCRWA entered into a Producer and Wholesaler Agreement
to take tertiary treated water from the wastewater treatment plant and sell it to local
users, including farmers, parks and golf courses. The agreement states that the District
owns and operates the distribution facilities up to the point of connection with the
SCRWA treatment plant. The agreement requires the District to execute the first phase of
capital improvement projects to upgrade the existing distribution facilities to a more
reliable, modern recycled-water system. In summer 2002, a new 3 mgd booster pump
station in Christmas Hill Park and a 1.5 million gallon reservoir above Eagle Ridge Golf
Course commenced operation. The District and SCRWA agreed to work together to create
and approve a Master Plan for the design and construction of facilities for the distribution
of recycled water in the SCRWA service area. The cost of outside consultants to prepare
the master plan was shared by both agencies.

SOUTH COUNTY



41

South County Recycled Water Master Plan
The District and SCRWA jointly completed the South County Recycled Water
Master Plan in 2004. The master plan defines immediate-, short-, and long-term
capital improvement programs. The master plan is to be updated every five years. 

With the successful operations of the recycled water facility, a number of satisfied
recycled water customers are requesting additional volume. After a satisfactory
experience using recycled water in its cooling towers, Calpine requested an
additional 1,200 gallons per minute of recycled water for its cogeneration plant. A
local farmer, after many years growing various crops with recycled water, is
requesting more water to start farming on a fallow field. Additionally, the historic
Gilroy Golf Course and the newly constructed Gilroy Sports Park will significantly
add more demand on the existing recycled water system. 

Responding to these new demands, the District and SCRWA jointly implemented
the immediate-term phase of the improvements recommended in the Master Plan.
The improvements included the following components:

� 4,800 feet of 20-inch distribution pipelines
� 3 million gallon reservoir
� 3 million gallon per day pump station
� 6 million gallon per day media filter

The joint project is scheduled to receive a grant from the California State Water
Resources Control Board to offset 25 percent of the total project cost for these
immediate-term improvements.

This joint project was completed in the summer of 2006. Immediately upon the
project completion, the local farmer started cultivating the existing farmland with
recycled water. The farmer also doubled the original farmland capacity by
expanding to the next fallow field. These were all made possible by the increased
capacity of the recycled water distribution system.
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The Bay Area’s four largest water agencies, East Bay Municipal Utility District, the
San Francisco Public Utilities Commission, Contra Costa Water District and the
Santa Clara Valley Water District, are jointly exploring development of regional
desalination facilities which would benefit 5.4 million Bay Area residents and
businesses. The Bay Area Regional Desalination Project may consist of one or
more desalination facilities with an ultimate total capacity of up to 65 million
gallons per day. The regional desalination project would:

� Provide replacement sources of water during emergencies 
such as earthquakes

� Provide a supplemental supply source during extended 
drought periods

� Allow other major facilities, such as treatment plants, 
transmission mains and pump stations, to be taken out of 
service for an extended period of time for maintenance or 
repairs

� Increase the diversity of the agencies’ water supply 
portfolio by providing a full-time supplemental water 
supply, which would increase reliability

In October 2003, the regional partner agencies completed a Phase 1 pre-
feasibility study that evaluated the construction of regional desalination
facilities.

Site selection for a desalination plant is one of the most important decisions in
the development process as it may have a substantial impact on cost, schedule
and potential environmental effects. Opportunities to locate near power plants
and bay discharge sites were sought, since they offer potential power savings,
brine dilution opportunities and other environmental benefits. The Phase 1 pre-
feasibility study concluded that there are several locations in the Bay Area where
a regional desalination facility could be located without any fatal flaws. A
systematic preliminary screening of potential Bay Area sites was performed, and
a two-step screening process narrowed the list of potential sites from over 20 to
13 and then to 3. The three Santa Clara County brackish groundwater sites  fell  

Desalination:

BAY AREA REGIONAL
DESALINATION PROJECT



off the top rankings because their yields were very small from a regional supply
perspective. The three sites that ranked highest were:

� Mirant Pittsburg power plant, Pittsburg (east Contra Costa site)
� Near Bay Bridge, Oakland
� Oceanside, San Francisco

The analysis is being refined as part of the feasibility study. Siting a regional
desalination plant presents many regulatory and technical challenges.
Cooperation of the four partner agencies in this effort will enhance the project’s
chances of success. Depending on the preferred facility locations and capacities,
construction of additional pipelines and pump stations may be necessary. The
Phase 2 pre-feasibility study will be conducted to further evaluate the three sites
identified in the Phase 1 pre-feasibility study to better define the desalination
project facilities. The planned uses of the product water by each of the agencies,
the institutional arrangements between the agencies, geotechnical and
hazardous waste reconnaissance, preliminary environmental screening, and the
conceptual engineering design of the treatment facilities will be conducted.

The preliminary project cost for facilities to deliver up to 65 million gallons per
day is estimated at $200 million to $500 million, depending on the location and
capacity of the facilities. This roughly translates into a transfer/potable water
cost of approximately $500–$1,200 per acre-foot. Costs will be refined after
completion of environmental review and selection of preferred project locations
and capacities. The cost-share arrangements for the project will be based on the
respective benefits received by the four
agencies and by any other parties that may
be identified as potential partners and
beneficiaries.
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Brackish water desalination pilot
plant open house in Gilroy.



Accomplishment
In mid-2005, the partners were informed that the project will
receive $250,000 from state Proposition 50 funds to complete the
feasibility study portion of the project. This represents 50 percent

of its total cost. The partners also applied for a State grant for the pilot phase of
the work. In June 2006, the partners were notified that this project will received
nearly $1 million for the pilot phase, which again represents approximately 50
percent of the project cost. This regional partnership was able to leverage
common interests and local cost shares per agency to apply and receive grants.
The partners are also seeking grants from the Federal Water Resources
Development Act.

Once piloting is completed and estimates are obtained for permitting, outreach,
construction, operations and maintenance costs, the elected boards of
participating agencies will then decide how to proceed. If a specific project is
selected, necessary inter-agency agreements will be developed to finance,
design, build and operate the facilities.

Next Steps

� Piloting at one site (one year)
� Environmental study and public outreach
� Final design and construction

A detailed feasibility study is currently being conducted and will be completed
by December 2006/January 2007. Piloting and limited environmental studies will
be conducted as the next steps (estimated to cost approximately $2 million).
State and federal funding will be sought for future phases of the regional
project. This level of effort is needed to provide more information on potential
benefits, location and type of facilities, appropriate technologies, environmental
impacts, and to estimate costs of the various options. Public outreach is taking
place during the feasibility study phase of the project and will expand during the
environmental and pilot portion of the study. The web site for this project can be
found at www.RegionalDesal.com.
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Potential sites for the Bay Area Regional
Desalination Project.
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REGIONAL BRACKISH WATER DESALINATION PROJECT
The San Benito County Water District and the Santa Clara Valley Water District
have recently entered into a Memorandum of Understanding to study
opportunities for improving water supply efficiencies and reliability within the
Pajaro River watershed. Both agencies also executed a Memorandum of
Understanding to conduct a joint brackish water desalination project. 

The Pajaro River drains San Benito County and the southern portion of Santa
Clara County. In addition to this common watershed, the agencies share an
imported water supply via the Central Valley Project’s San Felipe System (CVP).
Although the upper Pajaro River Watershed already offers each of the agencies
a local groundwater supply to complement their CVP imported supply, several
pockets of historically poor quality groundwater lie within the watershed,
unusable to either of the agencies as a municipal and industrial (M&I) water
supply. As one strategy to complement their CVP supply with a reliable local
source, these agencies are interested in conducting a feasibility study to
investigate a brackish groundwater desalination facility in the region. A
groundwater desalination facility in this region may be feasible, considering the
value of supply reliability that it brings to the area. Other benefits that it would
provide are:

� Groundwater level management
� Reducing the need for water softeners in the service area
� Enabling M&I effluent to be used as an alternative agricultural 

irrigation supply, thereby offsetting additional CVP demand
� An effluent management option for local agencies to relieve

further salt loading of the basin

Below: Equipment used in the
Brackish Water Desalination
Pilot Project.



Project Setting
The Regional Brackish Water Desalination Project is a feasibility study that
will examine options for the desalination of brackish groundwater for
municipal and industrial (M&I) use in the San Juan groundwater basin, an
area within the upper Pajaro River watershed with well documented, high
salinity. Two municipalities, the City of Hollister and the City of San Juan
Bautista, are near the San Juan groundwater basin, and could use
demineralized groundwater from this basin to supplement their existing
M&I supplies

Project Goals and Objectives
The feasibility study has four main goals:

� Evaluate the feasibility and cost-effectiveness of treating 
brackish groundwater for potable use

� Assess different treatment technologies and brine 
management methods to provide the highest level of 
benefits possible to the project partners

� Analyze the groundwater quality and depth in multiple 
locations to determine the optimum site for the 
groundwater extraction wells and corresponding 
desalination system

� Quantify the offset of CVP water due to the use of local 
groundwater as a new, alternative potable water source

In addition, the feasibility study will provide a basis to determine whether
groundwater desalination is a viable method to provide an alternative
potable water supply to users in the San Juan basin. The results of this study
will allow the work performed at this site to be used as a demonstration
site for other inland, brackish groundwater treatment locations.

Accomplishment
In mid-2005, this project was identified by the California Department of
Water Resources to receive $245,000 from Proposition 50 grant funds for
the $490,000 feasibility study.

Schedule
This project is scheduled for completion in early 2007.
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Top left: Brackish water
desalination equipment.
Center: Advisory committee
tour of the Brackish water
desalination pilot plant in
Gilroy. Right: Ray Wong
explains the reverse osmosis
equipment.
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Networking with cities and wastewater treatment plants
The District networks with area cities and wastewater treatment plants to ensure
the costs of future water supply and sewage treatment are contained to provide
the most efficient use of resources for the community. The District also provides
staff support for its Water Retailers Recycling Subcommittee, Agricultural Water
Advisory Committee and Landscape Advisory Committee. Staff members also
track technical and regulatory developments that affect the production and use
of recycled water, and participate in statewide recycling organizations and activities.

Energy Workshop
In August 2005, the District co-sponsored a one-day workshop with the California
Department of Water Resources, titled Energy for Water and Wastewater
Agencies, which served as a showcase for the linkage between energy
conservation and water supply management. Speakers from state and local
agencies presented information on energy conservation issues and solutions for
water agencies.

Internal Outreach
The District provided a brown-bag presentation to District staff on water
recycling. The presentation included information on the benefits of using
recycled water and a panel of speakers to speak on how water recycling is part
of the District’s water supply management objectives.

Bay Area Regional
Desalination Project
Along with presentations at agency
meetings and at public forums, this
project also has a web site at
www.RegionalDesal.com.

Water Recycling and Desalination:

EDUCATION & OUTREACH

Above: Ray Wong demonstrates the recycled water
treatment process during the Guadalupe Park grand
opening festivities. Left: District’s WUE program
staff speak on Water Recycling at the June 2006
brown bag presentation to the District.



FY 04/05 and 05/06 years were successful grant revenue
years for the District. Funding from the California
Department of Water Resources (DWR). Proposition 50
grant totaled $122,000 for water recycling and
desalination projects and studies. The District’s WUE
program is conducting many different projects this year.
These projects include:

� Water Softener Program (full scale):
After the successful pilot program, the District 
and San Benito County Water District jointly 
applied and were awarded a grant of $300,000 
from DWR to further the replacement of old, 
inefficient water softeners

� Impact Evaluation of Stream Flow Augmentation
with Tertiary Recycled Water: DWR Grant 
through MWD

� EPA II Desalination Research Grant through MWD: 
Low-Fouling Membrane Pilot Study

� Brackish Groundwater Desalination Feasibility 
Study:
Proposition 50 grant

� Bay Area Regional Desalination Project: 
Proposition 50 grant  (for feasibility phase and 
also for pilot phase)

� South County Immediate-Term Construction 
Project:
Proposition 50 grant
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Water Recycling and Desalination:

GRANTS & COST-SHARING AGREEMENTS

District Director Rosemary Kamei at a ribbon
cutting ceremony at Gilroy Sports Park, which is
irrigated with recycled water from a jointly-funded
program between the District and the City of
Gilroy.
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District governance policies call for the expansion of water recycling in Santa
Clara County, while at the same time ensuring that groundwater basins are
protected from threats of contamination. To fulfill these goals, the District is
working to identify new markets and uses for recycled water, while also
conducting research to evaluate the effects that existing and planned recycled
water projects may have on groundwater quality. While recycled water is
currently used for large landscape irrigation, agriculture, and some industrial
processes, it may also have uses for environmental purposes, such as enhancing
stream flows, reservoirs and wetlands. Advanced treated recycled water is under
consideration for future groundwater recharge. Expanding recycled water
applications will require increased monitoring of soil and groundwater quality,
as well as advanced levels of treatment depending on where and how recycled
water is used.

Research will also investigate treatment methods to expand water recycling
options and protect groundwater. Current research studies and recently
completed research studies are described below.

Characterization of Salinity Contributions in Sewer Collection 
and Reclaimed Water Systems
The District participated in this nationwide study to determine the amounts
of salt contributed to reclaimed water systems by different sectors,
specifically residential users, restaurants and industrial/commercial
operations. The study provides best-management practices to control
salinity coming into a wastewater treatment plant. The final report was
published in 2006 by AWWA/Water Resuse Association. 

Advanced Treatment Project: Electrodialysis Reversal/ Reverse 
Osmosis (EDR/RO) Comparison Pilot Study
The District developed agreements with the City of San José and
Metropolitan Water District of Southern California to support (via a
California Energy Commission grant) and participate in a study to
investigate the desalination capabilities of reverse osmosis and
electrodialysis equipment, focusing on the removal of dissolved solids from
recycled water. The study demonstrated the technical feasibility of
advanced water treatment, and provided detailed cost data useful in
planning for larger treatment works. The project was completed in early
2005, and the final report was accepted by the California Energy
Commission. The completed final report was also distributed to recycled
water purveyors for information sharing.

STUDIES & RESEARCH
Water Recycling and Desalination:



Next Steps in Advanced Treatment
The District and the City of San José worked together throughout 05/06 in
planning for a 5 mgd advanced treatment facility to improve recycled
water quality for expanded uses, as well as to take the first step towards
future groundwater recharge projects.

Low-Fouling Membrane Pilot Study
The District is the recipient of an EPA grant to perform a pilot study to
evaluate the performance of low fouling reverse osmosis (RO) membranes
with varied pretreatment of tertiary treated recycled water. The
effectiveness of RO is dependent in large part on the type of pretreatment
applied to the source water. The use of microfiltration (MF) as a
pretreatment for RO has proven effective, but expensive. It is feasible that
low-fouling RO membranes could operate successfully when integrated
into the existing local treatment facilities by using tertiary treated water as
the sole pretreatment for RO. The cost savings of eliminating MF will
significantly improve the likelihood of future, full-scale, advanced treated
recycled water projects in Santa Clara County. (Timeline: May 2005 to
December 2007)

Bay Area Regional Desalination Project
The four largest San Francisco Bay Area water suppliers
(SCVWD, EBMUD, SFPUC, CCWD) have established a
partnership to evaluate the feasibility of a regional
desalination plant to provide water for 5.4 million residents to
meet water supply reliability and emergency needs. The joint
venture began in 2003, and the partnership completed the
pre-feasibility work. The study participants were recent joint
recipients of $249,950 Proposition 50 funds to conduct an
approximately $500,000 feasibility study. The four agencies
will also receive almost $1 million towards the next pilot phase
of this project.

Pajaro Watershed Brackish Groundwater Desalination
Feasibility Study
The District and San Benito County Water District are the joint
recipients of $245,000 in Proposition 50 grants to conduct a
$490,000 brackish water feasibility study in the Pajaro River
basin. A Memorandum of Under-standing (MOU) between
both agencies was executed in 2005/06 to jointly conduct this
study.50

All sites considered as part of initial desalination
project studies.
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Palo Alto/Mountain View Solutions Project
This project is evaluating the limits to the sustainable use of recycled water
for landscape irrigation. Soil from Mountain View and from throughout the
county is being tested at UC Davis against water samples varying in sodium
and total salt concentration to determine the effects of the water on soil
structure.

The project has also engaged researchers in the horticulture department at
UC Davis to determine the sodium and chloride tolerances of Coast
redwoods, the city tree of Mountain View and a highly sensitive species.
When the investigatory part of the project is complete, the District will
formulate site-specific, best-management practices for recycled water use
in Santa Clara Valley.

Research Studies with Stanford University
In FY 05/06, the District and Stanford University, continued working on two
grant-financed research studies entitled The Feasibility of Brackish
Groundwater Reuse and Impact Evaluation of Streamflow Augmentation
with Tertiary Recycled Water. The two grant projects have secured state
grants from the California Department of Water Resources through the
Desalination Research and Innovation Partnership (DRIP) administered by
the Metropolitan Water District of Southern California.

(A) The Feasibility of Brackish Groundwater Reuse
This project will investigate the feasibility of implementing brackish
groundwater reuse in Santa Clara County to supplement expected
shortages in future supplies of potable water. It will have the potential
to identify a new source of supply, and will demonstrate the technical
and economic feasibility of treating brackish groundwater with state
of-the-art-technology to a quality suitable for beneficial uses. (Timeline:
December 2003 to December 2006)

WUE Unit interns collect
water samples at Gilroy's
waste-water treatment plant.
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(B) Impact Evaluation of Stream Flow Augmentation with Tertiary Recycled Water
This project will determine whether augmenting stream flow with tertiary-treated, dechlorinated,
recycled water in the Coyote Creek watershed is feasible within economic, environmental and
countywide policy objectives for water supply management. The primary objective is to evaluate the
impact to the water quality of stream, surface water and groundwater. The results from this study
will permit future decisions for recycled water based on up-to-date scientific research, including
developing future plans or studies for stream flow augmentation. In FY 05/06, the District completed
a baseline monitoring program to characterize existing conditions. The District is conducting the
CEQA work to issue a Mitigated Negative Declaration for this project and will be applying for the
necessary permits to release recycled water into Upper Silver Creek. The District held a stakeholder
meeting in July 2006 to present information to stakeholders and to discuss issues and comments on
the project’s environmental impacts.

n-Nitrosodimethylamine (NDMA) Fate and Transport
NDMA is a carcinogen sometimes found in recycled water. The District participated in a statewide study
conducted by a leading research team headed by Dr. David Sedlak of UC Berkeley. The primary objectives
of the project were to understand the fate and transport of NDMA in soil and groundwater when
recycled water is used for spray irrigation and indirect and/or direct groundwater recharge. These have
been accomplished by documenting and assessing current fate and transport data, along with field and
laboratory experiments. One local site in Santa Clara County was part of the study.

The research project employed a combination of laboratory and field studies to address the attenuation
of NDMA, and to identify the responsible mechanisms. Laboratory experiments were conducted to
quantify physical removal (i.e., volatilization from soil after landscape irrigation), chemical
transformation (e.g., transformation in survey water conveyance systems, in ponds used for irrigation
storage, and in spreading basins used for groundwater recharge) and biotransformation (e.g.,
metabolism by soil bacteria). Predictions from laboratory experiments were tested by comparison with
soil column studies and data collected at field sites where water reuse is practiced. Results from the
laboratory experiments, column studies, test plot studies and field measurements were integrated into a
final report to present the study results. One desired outcome of the study is to provide practitioners of
water reuse with recommendations to minimize the potential for contamination of groundwater with
NDMA. This work was funded by the Water Reuse Foundation.

Groundwater Monitoring
The District continually monitors groundwater quality, and is expanding its monitoring network to target
areas where recycled water is used for irrigation. The monitoring data will be used to detect and correct
problems early on, before they have a chance to develop. 

Left: District staff collects water samples for the Streamflow Augmentation Project. 
Middle: District staff collects temperature data for Streamflow Augmentation Project.  

Right: District and Stanford staff install equipment to monitor stream-groundwater interaction. 
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EXECUTIVE SUMMARY  
 
INTRODUCTION 
 
The San Francisco Public Utilities Commission (SFPUC) motivated by its commitment to a more 
sustainable San Francisco recognized the value of assisting its larger water use clients with water 
budgeting and water resource conservation planning to ensure the long-term availability of quality 
water. For this specific project the SFPUC partnered with San Francisco Recreation and Parks 
Department (SFRPD) to prepare a Parks Water Conservation Plan for 12 parks in San Francisco. 

OBJECTIVES OF THIS PROJECT  

• To identify improvements that can reduce water usage and resultant water costs, while 
preserving amenities that park users enjoy and streamlining maintenance issues for park 
caretakers. 

• To provide water conservation plans and recommendations for an initial 12 parks where 
the most water can be conserved. 

• To provide general recommendations or best management practices for conserving water 
at all City parks.   

SCOPE OF WORK 
The SFPUC hired Camp Dresser and McKee (CDM) and its sub-consultant Merrill Morris 
Partners (MMP) to prepare a Parks Water Conservation Plan for 12 parks. The work was 
performed by MMP and CDM contributed project management and peer review. The scope of 
work included the following tasks: 

• Review background information and water use data on the parks. 
• Identify and assist in the development of criteria for selection and short list rating of 

parks with the greatest potential for water savings. 
• Develop a park site visit survey form. 
• Conduct field visits of the target parks, taking note of irrigation equipment, maintenance 

practices, and landscaping. 
• Prepare a Parks Water Conservation Plan documenting existing conditions and water 

savings recommendations, estimate costs and water savings for the recommendations.  
• Provide a summary to include general recommendations and best practices that will be 

useful across all City parks.  

PARK SELECTION 
The SFPUC and SFRPD selected the 12 parks to be the subject of the study. They were selected 
based on the following criteria: 

• Park meter records indicate high irrigation water use per acre of irrigated area; 
• Parks have not been designated for reclaimed water use or athletic field artificial turf 

conversion (Refer Appendix A for list of parks); 
• Parks are not funded by General Obligation Bonds (Refer Appendix A for list of parks); 
• Parks have severe, known problems with the current irrigation systems; and 
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• Parks represent geographic distribution throughout the Neighborhood Service Areas 
(NSAs). 

Bay View Park and India Basin Shoreline Park in NSA 7 were considered for inclusion in the 
study.  However, lack of irrigation water use data and/or system information due to unforeseen 
circumstances at these parks made it impossible to evaluate the current irrigation system water 
use.  Water meters for Bay View Park could not be located and it was later determined that the 
park was occasionally irrigated with a water truck.  India Basin Shoreline Park has not been 
irrigated since January 2008, when the solar irrigation controller was stolen.   
 
The parks selected for this study are listed in the table below, along with irrigated area and 
average water use per month per irrigated acre. The parks are listed in order by greatest average 
water use per acre.   These parks have the highest per-acre water use of the city parks eligible for 
the study.  Therefore, these parks are projected to have the greatest potential for water savings 
when water conservation measures are implemented. 
 
Table 1: Parks Selected by SFPUC for the Parks Water Conservation Plan. 
 

No. Park NSA Irrigated Area 
(acres) 

Average 
CCF/mo per acre 

Average gallons/mo 
per acre 

1 Jefferson Square Park 3 5.0 134 100,332 
2 Franklin Square Park 4 2.6 109 81,669 
3 Balboa Park 5 20.2 96 71,481 
4 Jackson Playground 4 3.5 74 55,060 
5 Alamo Square Park 3 10.0 67 49,968 
6 Marina Green 2 10.2 65 48,562 
7 Alta Plaza Park 2 10.0 60 45,221 
8 Ocean View Playground 8 6.0 58 43,233 
9 Moscone Rec. Center 2 13.0 53 39,617 
10 West Sunset Playground 8 12.75 41 30,866 
11 Hamilton Rec. Center 3 1.5 41 30,529 
12 Louis Sutter Playground 7 4.7 11   8,346 

* The water use data in this table is from 2008-2009 SFPUC meter records recorded in hundreds 
of cubic feet (CCF) and converted to gallons. 
 
OVERVIEW OF OBSERVATIONS 
A field observation team consisting of a landscape expert and an irrigation expert from MMP 
conducted a 13-week study, investigating current conditions at the 12 parks and identifying areas 
for water conservation improvements.  MMP met with the SFRPD park caretaker or gardener 
and/or the NSA manager to observe the operation of the irrigation system and its settings, and to 
witness reported irrigation problems.   
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Observations frequently made and common to many of the surveyed parks include the following: 
• Galvanized piping/components of the irrigation system were corroded and leaking. 
• Some parks had such severe leaks that portions of the irrigation system were shut off. 
• Backflow protection devices were missing from some irrigation systems. 
• Irrigation heads were irregularly spaced with infrequent head-to-head coverage. In 

addition, heads and nozzles were mismatched, resulting in uneven flow and precipitation 
rates that greatly impacted uniform distribution of water and resulted in dry, patchy turf 
areas. 

• Head layout in several parks did not compensate for windy conditions.   
• Inadequate water pressure to operate the existing irrigation systems effectively. 
• Most parks had areas that required hand watering due to broken valves or special annual 

plantings.  
• Most parks were irrigated every 24-hours during the summer (some parks are irrigated at 

night and parks requiring manual operation are irrigated during the day). 
• None of the parks had controllers with flow or rain sensors.   
• Only Marina Green and Franklin Square had remote actuators (used by maintenance 

crews to check and adjust systems).  
• Some parks had steeply sloped turf areas that were difficult to mow and maintain and 

were subject to substantial run-off and waste of irrigation water. 
• Turf was the primary landscaping at the parks, as sports fields, general recreation and 

passive use lawns. 

OVERVIEW OF WATER CONSERVATION RECOMMENDATIONS  
Evaluation of the issues and contributing factors led to a technical distinction in the source/cause 
of the reported water use excesses. In turn the water conservation plan recommendations are 
divided into two distinct classifications, those that mitigate conditions currently contributing to 
Water Loss and those that would constitute betterments resulting in long term Water Use 
Reduction. 
 
The assessment clearly reveals that most parks in the study have severely leaking irrigation water 
delivery systems due to aged deteriorated pipes that have far outlived their useful life. This 
means that the pressurized mainline, prior to the actual irrigation system, has failed resulting in 
the escape/continuous flow of water into the ground at an indeterminate rate and unpredictable 
locations.  
 
The situation at several parks is considered critical and should receive immediate attention. For 
this reason, further analysis of the on-site Irrigation Water Supply and recommended mitigation 
was added as a priority for the study.  
 
There are three primary water system segments required for an operable irrigation system, with 
each being dependent on the service of the prior: 

1. The City/SFPUC Water Supply pressurized mainline, which is tapped with a metering 
valve to provide water service to a specific park site. 
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2. The on-site Irrigation Water Supply, which must be a closed pressurized system of 
mainlines that distribute and hold water ready for release, via a control valve into the 
irrigation delivery system. 

3. The Irrigation Delivery System is activated when the control valve is opened causing the 
water under pressure to flow into the unpressurized or open irrigation delivery system of 
pipes and orifices through which the water escapes causing irrigation to occur at the 
designated landscape area within a specific park.  

 
Consequently the design refinements, best practices and technological advances recommended in 
the Parks Water Conservation Plan would be of little value without first completing the 
recommendations for the On-site Irrigation Water Supply to secure the requisite 
closed/pressurized hydrologic mainline which delivers power and water for an operable 
irrigation system. 
Recommended On-site Irrigation Water Supply improvements common to most parks typically 
include the following: 

• Disconnect and abandon galvanized portions of the irrigation system. Where replacement 
is required use new PVC irrigation components. 

• Repair all accessible leaks and/or bridge or replace problematic piping. 
• Install booster pumps to increase water pressure that is too low. 
• Recommended improvements not directly related to water conservation but which have 

health and safety consequences include installation of backflow prevention devices where 
they are missing. 

The above type of basic improvement is recommended to mitigate conditions contributing to 
Current Water Loss at the parks. While the second set of improvements constitute the Long-term 
Water Use Reduction or water conservation aspects of the plan. In general these comprise 
updated automatic irrigation systems (valves and smart controllers), efficient delivery 
components, and effective irrigation layout and system design.  
 
Recommended Long-term Water Use Reduction improvements common to most parks typically 
include the following: 

• Install new controllers equipped with flow and rain sensors to regulate irrigation when 
there is a leak or unexpected rain.  

• Adjust head spacing, add heads as required and replace old or nonconforming heads to 
common make, model and matched participation rates to achieve full coverage and 
irrigate more efficiently. 

• Change irrigation control settings to operate on an ET-based schedule, to meet but not 
exceed the plant water requirements on a seasonal basis.  Irrigation should take place 
every third day in the spring and every other day or three days per week in the summer. 

• Install or expand automatic irrigation to eliminate manual irrigation and hand watering. 
• Replace turf on steep slopes with no-mow or climate-appropriate low-water-use shrubs 

and grasses. 
• In parks with over 50% area dedicated to turf for passive use, replace a portion of the turf 

with climate-appropriate low-water-use plantings or trees.  
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Additional general recommendations were made in the areas of irrigation design and equipment, 
control systems (weather station and central control), training, maintenance, alternative water 
sources, and climate-appropriate or program-specific plant selection. 
OVERVIEW OF POTENTIAL WATER SAVINGS 
 
Study results indicate a substantial range of potential water savings for the 12 parks.  Annual 
estimated water savings for individual parks range from:  

• 492,184 gallons/year (658 CCF/year), which constitutes a savings of 14%/year over 
current water use. 

• To 2,247,740 gallons/year (3,005 CCF/year), or a savings of 37%/year over current water 
use.  

 
The total projected water savings for all 12 parks is estimated to be:  

• 15,420,773 gallons/year, (20,616 CCF/year), with an average savings of 18% over the 
total current water use. 
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I. SAN FRANCISCO PARKS WATER CONSERVATION PLAN OVERVIEW 
 
The City of San Francisco covers about 49 square miles, encompassing the northern tip of the 
San Francisco Peninsula. The peninsula is bordered by the Pacific Ocean to the west and San 
Francisco Bay to the east, contributing a significant marine influence to the area’s horticultural 
climate. As a Mediterranean zone, the City’s climate is typified by long, dry summers tempered 
by its unique fog and marine influences and periodic unreliable winter rains.  
 
San Francisco parks offer many amenities to visitors: athletic fields, lawns for relaxing or 
informal games, playgrounds for children, trees for shade, and plants for aesthetic enjoyment. 
These parks rely on City-supplied water for irrigation to keep their plantings healthy.  Park water 
use is metered by the SFPUC and billed to the SFRPD.  Most parks have separate meters to 
measure water used for plant irrigation versus domestic uses such as drinking fountains, 
restrooms and other building or facilities. 
 
Park caretakers work with dedication to maintain parks, care for plants, and keep irrigation 
systems operating.  In due course, irregular meter records and known irrigation systems 
problems brought the issue of excess water use to the attention of the SFPUC and SFRPD. 
Alerted to the potential of undetected chronic leaks and heightened awareness of the need for 
implementing water conservation measures the SFPUC defined and initiated the preparation of 
this Parks Water Conservation Plan.  

 
II. PROJECT DESCRIPTION AND OBJECTIVES 
 
The SFPUC, in partnership with the SFRPD, hired CDM and its subcontractor MMP to prepare a 
Parks Water Conservation Plan that would investigate current irrigation water usage, practices, 
maintenance, and landscaping at 12 San Francisco parks and make recommendations for water 
savings and estimate costs for implementing the recommendations.  
 
This Plan recommends improvements that can reduce water usage and resultant water costs, 
while preserving amenities that park users enjoy and streamlining maintenance issues for park 
caretakers. 
 
The SFPUC and SFRPD selected the 12 parks in this study out of a field of 132 candidate parks 
based on the following criteria: 

• Park meter records indicate high water use per acre of irrigated area; 
• Parks have not been designated for reclaimed/recycled water use or artificial turf 

conversion (Refer Appendix A for list of parks); 
• Parks will not be funded by General Obligation Bonds (Refer Appendix A for list of 

parks); 
• Parks have severe, known problems with the current irrigation systems 
• Parks geographic distribution throughout the Neighborhood Service Areas (NSAs) 
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The table below lists the parks selected by SFPUC to be the subject of this study. The parks are 
listed by order of greatest average water use per acre.  The water use data in this table is from 
2008-2009 SFPUC meter records recorded in centum (hundred) cubic feet (CCF) and converted 
to gallons. 
 
Table 1: Parks Selected by SFPUC for Parks Water Conservation Plan.   
 
No. Park NSA Irrigated Area 

(acres) 
Average CCF/mo 
per acre 

Average gallons/mo 
per acre 

1 Jefferson Square Park 3 5.0 134 100,332 

2 Franklin Square Park 4 2.6 109 81,669 

3 Balboa Park 5 20.2 96 71,481 

4 Jackson Playground 4 3.5 74 55,060 

5 Alamo Square Park 3 10.0 67 49,968 

6 Marina Green 2 10.2 65 48,562 

7 Alta Plaza Park 2 10.0 60 45,221 

8 Ocean View Playground 8 6.0 58 43,233 

9 Moscone Rec. Center 2 13.0 53 39617 

10 West Sunset Playground 8 12.75 41 30,866 

11 Hamilton Rec. Center 3 1.5 41 30,529 

12 Louis Sutter Playground 7 4.7 11 8,346 
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Figure 1: Location Map showing the 12 Selected Parks 
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I. STUDY METHODOLOGY 
 
A. Data Collection Surveys and Preparation of Field Note Packet 
 
A Park Survey Form and an Irrigation Survey Form were prepared to facilitate data collection 
during the field visits.  (These forms are provided in Appendix F.)   
 
The Park Survey Form was distributed to park caretakers and section supervisors. Surveys were 
returned and discussed at the time of the site visit. General data gathering and existing condition 
subjects of interest included:  

• Landscape acreage 
• Soil assessment 
• Microclimate factors 
• Existing planting evaluation 
• Irrigation system description and deficiencies 
• Irrigation scheduling and maintenance procedures 
• On-site stormwater management potential 

 
The Irrigation Survey Form was used by observers during field assessments.  Topics included: 

• Existing irrigation system and irrigation equipment inventory 
• Irrigation controller watering schedule (frequency and duration) 
• Irrigation inefficiencies and technical performance issues 
• Schedule or description of irrigation system components including numbers, types, and 

manufacturers of sprinkler heads, valves, and controllers 
 
MMP observers also used park plans on site visits, to record field notes, identify and document 
park land-uses, and to highlight areas of concern, opportunities, and constraints.  
 
B. Park Site Visit and Irrigation Assessment 
 
The MMP field observation team conducted a site visit and irrigation assessment at each of the 
12 parks.  MMP met with the SFRPD park caretaker or gardener and/or the NSA manager to 
observe the operation of the irrigation system and its settings, and to witness the reported 
problems.  The field observation team consisting of a landscape expert and an irrigation expert 
from MMP conducted a 13-week study. MMP team members spent up to eight hours at each of 
the 12 parks.  
 
C. Plan Overview 
 
The existing conditions and data from park assessments has been analyzed and compiled in this 
report, along with detailed recommendations for each park and general best practices 
recommendations appropriate for implementation throughout the park system.   
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The Water Conservation Plan report includes: 

• Documentation of the park site assessments, along with park maps indicating land use, 
topography, relevant data collected, and recommended replanting of areas of high-water 
use to low-water-use climate-appropriate planting. 

• Identification of critical repairs needed immediately at certain parks to stop severe water 
loss caused by chronic leaks. 

• Recommendations for water conservation upgrades to improve efficiency and reduce 
water use, which in some cases call for installation of entirely new irrigation systems.  

• Estimates of potential water and cost savings if recommended changes are implemented 
(Table 2.) 

• A construction cost opinion for implementing recommended changes at each park   
(Table 3.) 

• General recommendations for improving water conservation throughout the park system, 
including best practices for designing and maintaining efficient irrigation systems and 
methods for maximizing soil and plant health. 

• Park system-wide recommendations include installation of weather-based smart irrigation 
controllers that are capable of future central control. A Central Control Pilot Program is 
recommended to test computerized central control of multiple irrigation systems from 
one location with trained staff.  For more information, see the Irrigation section of the 
General Recommendations (Part VII.) 

 
 
II. PARKS WATER CONSERVATION PLAN DEVELOPMENT: (FINDINGS AND 
RECOMMENDATION DEVELOPMENT)  
 
This report is evaluating landscape irrigation water use at the select parks and how the irrigation 
water use can be made more efficient. The plan does not address water conservation for non-
irrigation water use, such as restrooms, drinking fountains and water features.  
Water loss and waste was attributed to a variety of sources: 

• Leaky and irreparable irrigation systems 
• Increased run-times to compensate for coverage deficiencies  
• Poorly designed irrigation systems 
• Antiquated irrigation design, layout and components that do not take advantage of current 

water-saving technology 
• Plantings that have high water needs and/or are not climate-appropriate 

 
During evaluation of the issues and contributing factors it became apparent that the water 
conservation plan recommendations would fall into two distinct classifications, those that 
mitigate conditions currently contributing to Water Loss and those that would constitute 
betterments resulting in long term Water Use Reduction. 
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There are three primary water system parts involved: 
1. The City/SFPUC Water Supply pressurized mainline, which is tapped with a metering 

valve to provide water service to a specific park site. 
 

2. The on-site Irrigation Water Supply, which must be a closed pressurized system of 
mainlines that distribute and hold water ready for release, via a control valve into the 
irrigation delivery system. 

 
3. The Irrigation Delivery System which is activated when the control valve is opened 

causing the water under pressure to flow into the unpressurized or open irrigation 
delivery system of pipes and orifices through which the water escapes causing irrigation 
to occur at the designated landscape area within a specific park.  

 
A typical water conservation plan would focus on the Irrigation Delivery System to identify 
opportunities for long term Water Use Reduction. Given the nature and degree of waste 
attributed to losses originating in the Irrigation Water Supply this Parks Water Conservation Plan 
will also address remediation, water supply system deficiencies, and requisite water loss 
mitigation measures. 
 
This report has identified the Irrigation Water Supply, a supposed closed pressurized system, as 
the primary source of water loss at most of the parks in the study. The cause, although not 
exclusive, was determined to be ostensibly due to the age of the system (35-70 years old), 
deteriorated pipes with leaks, and other conditions that are causing ongoing water losses. 
Chronic leaks in these buried pipes/components are likely to go undetected resulting in 
substantial water losses and associated pressure loss within the Irrigation Water Supply, resulting 
in an inadequate hydrologic system which in some cases is rendered entirely inoperable.  
 
Further, this report finds the Irrigation Delivery System betterments fully dependent on the 
successful implementation of the Irrigation Water Supply mitigation recommendations. 
Consequently the design refinements, best practices and technological advances recommended 
would be of little value without first accomplishing the most basic irrigation system design 
requirement: to secure a closed/pressurized hydrologic mainline with which one powers the 
delivery of water through an irrigation system. The bonus is to avert unchecked waste of water 
due to a leaking, deteriorating and antiquated Water Supply Systems.   
 
Water loss mitigation, in the case of these 12 parks, may very well contribute the greatest and 
immediate water-saving, however the long term greater conservation benefit can be gained if 
coupled with implementation of the complete set of water conservation recommendations in this 
report (automated smart irrigation controllers, technologically advanced delivery components, 
and efficient system design and layout.)  
 
The Parks Water Conservation Plan recommendations are based on a tiered course of action with 
the second level dependent on completing first, the third dependent on the second and first and 
so on. Recommendations also start with the most basic level of remediation: to avert unremitting 
line breaks and put a stop to the unchecked water losses for the 12 parks. 
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 The recommendation levels are as follows: 

• First Level:  Pressurized Irrigation Water Supply  
• Second Level: Smart System Automated Irrigation Controllers at all parks. 
• Third Level:  Irrigation Delivery System  (Efficient Delivery Components and Design) 
• Fourth Level:  Conservation-Conscious Park Land Use and Planting Design. 

 
III. POTENTIAL WATER SAVINGS 
 
Potential water savings have been calculated for each park based on the difference between 
current water use and the estimated water use after proposed water conservation improvements 
are implemented.  Study results indicate a considerable range in the potential water savings for 
the 12 parks.  One park potentially reduces water use by as much as 50% (Franklin Square.)  
Potential water savings are shown below in Table 2: Potential Water Savings and Cost Savings.  
 
A. Current Water Use Determinations 
 
The water use data initially used to establish the current use for each park were SFPUC water 
meter records for the 12-month period from September 2008-August 2009 (the most current data 
available when this plan was compiled).  However, for some parks, the 12-month metered water 
use records revealed inconsistencies or anomalies:  records indicated unlikely water use levels, 
both substantially higher and lower than would be expected based on knowledge of the irrigated 
area, reported schedule, and existing system design.    
 
The review of metered records was expanded to include 4-year annual averaged data from 2005 
through 2008, in an effort to identify a trend in water use or interruption of service. At several 
parks, the 4-year record search indicated that anomalies in the 12-month water records could be 
explained by irrigation system leaks or shutdowns.  For those parks, it was determined that the 4-
year annual average more closely reflected the actual water use, and this figure was used to 
calculate potential water savings. 
 
For other parks, the 4-year annual average data was also found to be inconsistent or reflect 
anomalies.  For this reason, an ‘estimated norm’ was also calculated for each park, to project the 
amount of water that would be required to adequately water the landscape at each park using the 
current irrigation system.  The estimated norm calculation was based on irrigated area, 
evapotranspiration, irrigation system efficiency, and microclimate influences, and adjusted to 
account for conditions identified at each park during the assessment.  For several parks, the 
estimated norm provides the only defensible figure to use as a basis for current water use and to 
quantify potential water savings. 

  
Between data review and field observations the team identified numerous causes that may have 
contributed to an incomplete measure of water use at various parks:  
 

• Meters may be too old to give accurate readings or may not be correctly calibrated (for 
example, Moscone Recreation Center.) 
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• Oversized meters may not record very small flows such as leaks (for example, West 
Sunset Playground.)  

• Some parks have significant leaks and pipe breakages. Therefore, the water use data 
reflects measured use that does not go towards irrigation but towards leaks (for example, 
Alamo Square, Alta Plaza, Balboa Park, and Moscone Recreation Center.) 

• At some parks, portions of the irrigation system were shut down due to excessive 
mainline leaks, as well as breaks in system lateral lines. Consequently, the water use data 
does not reflect the amount of water needed for adequate park irrigation (for example, 
Alta Plaza and Balboa Park.) 

• At many parks, irrigation run times were shortened to reduced spot saturation due to 
spray blockages, which cause muddy, unplayable, and possibly unsafe turf areas (all 
parks except Franklin Square and Hamilton Recreation Center.)   

• There were several mainline water sources for which meters could not be located (for 
example, Louis Sutter Playground and Marina Green-East.) 

 
B. Potential Water Savings Calculations 
 
For each park, the projected water use after recommended improvements was calculated.  This 
calculation was based on the irrigation system that would be in place once recommended 
irrigation and landscape improvements are made, as described for each park in this report.   
This calculation includes factors for evapotranspiration, irrigation system efficiency, and 
microclimate influences.   
 
Estimated water use after improvements was compared to the individual parks best-estimated 
current water, use as discussed, to determine potential water savings (Table 2.)  
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Notes for Table 2: Potential Water and Cost Savings: 
• Column A (Water Use Data Source) indicates the data sources used to calculate water use 

at each park:  
Metered 1-Yr. Total is the 12-month period from September 2008 through August 2009.   
Metered 4-Yr. Avg. is the average annual water use between 2005 and 2008.    
Norm-Estimated (figures in blue italics) indicates the amount of water that would be 
required to irrigate each park with the current irrigation system adjusted to account for 
inefficiencies, based on park area and plant types.   
The blue highlight identifies which data source was used to calculate water savings.  (See 
Notes for Water Use Estimates for San Francisco Parks in the Appendix for more 
information.). Water meter records and the norm-estimated water use records are 
included in the Appendix.  

• Column C (Water Use) indicates the water use in gallons for each of the three water use 
data sources: Metered 1-Yr Total, Metered 4-Yr. Avg. and Norm-Estimated.    

• Column D (Estimated Water Use after Proposed Improvements) is the estimated water 
needed to sufficiently irrigate the parks with ET-based scheduling after making the 
recommended Irrigation and Landscape improvements, as described in each park section 
of the report. 

• Column E (Estimated Annual Water Savings Matched with the 3 Water Use Data 
Sources) is the difference between Column C (Water Use) and Column D (Estimated 
Water Use after Proposed Improvements.) 

• Column F (Estimated Annual Cost Savings Matched with the 3 Water Use Data Sources) 
is the product of Column E (Estimated Annual Water Savings) multiplied by $3.89/CCF 
($0.005/Gal) for mixed-use meters and $2.41/CCF ($0.003/Gal) for dedicated irrigation 
meters, the SFPUC rates for water in 2010.  For parks with both mixed-use and dedicated 
irrigation meters, the dollar rate was weighted and extrapolated based on metered use 
data. If improvements are performed after water rates increase, dollar figures for savings 
will also increase. 

• Column G (Estimated Water Savings per Acre) is the quotient of Column E (Estimated 
Annual Water Savings) divided by Column B (Irrigated Area). 

• Column H is the Estimated Water Savings in Million Gallons per Day (MGD)  
• Column I (Estimated per acre cost savings in 2010 dollars) is the quotient of Column F 

(Estimated Annual Water Savings) divided by Colum B (Irrigated Area in Acres) 
• Column J (Estimated Water Savings Percentage Based on Water Use Data Source) is the 

percentage of Column E (Estimated Annual Water Savings) divided by Column C (Water 
Use.) 
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Table 2: Potential Water and Cost Savings 
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COMMENTS/NOTES 
           

 
Alamo Square Metered 1-Yr. Total 9.4 6,559,960 5,203,836 1,356,124 $4,068 144,269 3,715 $433 21% The park had 6 mainline leaks and several 

areas of the park irrigation were turned off or 
operated manually during the day.  

The Metered 1-Yr. Total does not reflect the 
water required for irrigating the entire park and 
is still significantly higher than the Estimated 
Water Use After Proposed Improvements.  

  4-Yr. Avg.   6,559,960 5,203,836 1,356,124 $4,068 144,269 3,715 $433 21% 

  Norm-Estimated   7,750,028 5,203,836 2,546,192 $7,639 270,871 6,976 $813 33% 

Alta Plaza Metered 1-Yr. Total 8.41 7,405,200 5,887,508 1,517,692 $4,553 180,463 4,158 $541 21% The park has 2 mainline leaks and the south 
side irrigation is turned off.  

The Metered 4-Yr. Avg. does not reflect the 
water required for irrigating the entire park.  The 
1-Yr. Total probably reflects water lost to leaks, 
as the numbers for irrigating half the park are 
high when compared with the norm-estimated.  

  4-Yr. Avg.   5,988,488 5,887,508 100,980 $303 12,007 277 $36 17% 

  Norm-Estimated   9,662,664 5,887,508 3,775,156 $11,325 448,889 10,343 $1,347 39% 

Balboa Park Metered 1-Yr. Total 17.3 12,837,924 13,945,712 -1,107,788 -$4,431 -64,034 -3035 -$256 -9% Around 18 valves were broken and several 
areas of the park were turned off.  
Irrigation runtimes were also reduced to prevent 
saturated areas where heads were sunken.  
As a result, neither the Metered 1-Yr. Total nor 
4-Yr. Avg. represents the water required for 
irrigating the entire park. 

  4-Yr. Avg.   11,284,328 13,945,712 -2,661,384 -$10,646 -153,837 -7,291 -$615 -24% 

  Norm-Estimated   15,443,956 13,945,712 1,498,244 $5,993 86,604 4,105 $346 10% 
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COMMENTS/NOTES 
           

 Franklin 
Square Metered 1-Yr. Total 2.61 2,345,728 1,181,840 1,163,888 $3,492 445,934 3,189 $1,338 50% The Metered 1-Yr. Total and 4-Yr. Avg. are 

high compared to the Estimated Water Use 
After Improvements.  
Factors contributing to this are that the park is 
irrigated during the day and that slopes with 
low-water-use plants are irrigated.   

 4-Yr. Avg.   2,427,260 1,181,840 1,245,420 $3,736 477,172 3,412 $1,432 51% 

  Norm-Estimated   2,595,560 1,181,840 1,413,720 $4,241 541,655 3,873 $1,625 55% 

Hamilton Rec. 
Center Metered 1-Yr. Total 1.5 875,908 1,457,104 -581,196 -$1,744 -387,464 -1,592 -$1,162 -66% The Metered 1-Yr. Total and 4-Yr. Avg. do 

not accurately reflect the water required to 
irrigate the park, as the library was under 
construction and a part of the sports field was 
used for construction staging.  
The Norm-Estimated value accurately reflects 
the current system's water use. 

  4-Yr. Avg.   967,164 1,288,804 -321,640 -$965 -214,427 -881 -$643 -33% 

  Norm-Estimated   2,030,072 1,457,104 572,968 $1,719 381,979 1,570 $1,146 28% 

Jackson 
Playground Metered 1-Yr. Total 4.05 2,526,744 3,688,388 -1,161,644 -$5,808 -286,826 -3,183 -$1,434 -46% 

The Metered 1-Yr. Total and 4-Yr. Avg. do 
not accurately reflect the water required to 
irrigate the entire park.  Irrigation runtimes were 
reduced due to sunken heads, which could 
create saturated areas that would make the 
field unplayable.   Also, the booster pump was 
malfunctioning, which impacted water velocity 
and distance of throw. 
The Norm-Estimated value more accurately 

       
 

  4-Yr. Avg.   2,526,744 3,688,388 -1,161,644 -$5,808 -286,826 -3,183 -$1,434 -46% 

  Norm-Estimated   4,591,224 3,688,388 902,836 $4,514 222,922 2,474 $1,115 20% 
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 Jefferson 
Square Metered 1-Yr. Total 5.1 5,043,764 3,904,560 1,139,204 $5,696 223,373 3,121 $1,117 23% The Metered 1-Yr. Total is significantly lower 

than the 4-Yr. Avg.  One reason is that there 
was a leak that has been now fixed.  However, 
even adjusting for the leak does not entirely 
account for the higher 4-Yr. Avg. 
The Norm-Estimated value more accurately 
reflects the water use for the park.   

  4-Yr. Avg.   6,152,300 3,904,560 2,247,740 $11,239 440,733 6,158 $2,204 37% 

  Norm-Estimated   6,045,336 3,904,560 2,140,776 $10,704 419,760 5,865 $2,099 35% 

Louis Sutter 
Playground. Metered 1-Yr. Total 4.46 N.A 3,084,752 N.A N.A N.A N.A N.A N.A 

The meter for the primary water source for 
Louis Sutter could not be located and there is 
no accurate meter data available for the park.  
The Norm-Estimated value calculates the 
existing system's Water Use and the savings 
based on the difference with the Estimated 
Water Use After Improvements. This number is 
conservative as it does not account for the 
leaks and gross water waste observed at the 
time of the site visit.  

  4-Yr. Avg.   N.A 3,084,752 N.A N.A N.A N.A N.A N.A 

  Norm-Estimated   3,576,936 3,084,752 492,184 $1,477 110,355 1,348 $330 14% 

Marina Green Metered 1-Yr. Total 13 16,598,120 10,685,928 5,912,192 $17,737 454,784 16,198 $1,364 36% The Metered 1-Yr. Total is significantly 
higher than either the 4-Yr. Avg. or the Norm-
Estimated value for the current System. The 
reason is unknown and should be investigated.  
The 4-Yr. Avg. more accurately reflects the 
water use and the savings after improvements. 

  4-Yr. Avg.   12,133,308 10,685,928 1,447,380 $4,342 111,337 3,965 $334 12% 

  Norm-Estimated   12,775,092 10,685,928 2,089,164 $6,267 160,705 5,724 $482 16% 
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 Moscone Rec. 
Ctr. Metered 1-Yr. Total 9 3,576,188 6,097,696 -2,521,508 -$12,608 -280,168 -6,908 -$1,401 -71% The Metered 1-Yr. Total is an incorrect 

measure of the park's water use.  The new 
meter installed in 2008 is probably not correctly 
calibrated.  
The 4-Yr. Avg. reflects what the park's current 
water use probably is.  

  4-Yr. Avg.   6,935,456 6,097,696 837,760 $4,189 93,084 2,295 $465 12% 

  Norm-Estimated   8,747,860 6,097,696 2,650,164 $13,251 294,463 7,261 $1,472 30% 

Ocean View 
Rec. Ctr. Metered 1-Yr. Total 7.69 6,247,296 5,052,740 1,194,556 $3,584 155,339 3,273 $466 19% The Metered 1-Yr. Total at Ocean View more 

accurately reflects the water use for this park.  
The 4-Yr. Avg. does not accurately reflect the 
water use, as half the park was under 
construction for the new recreation center 
during that period.  

  4-Yr. Avg.   3,329,348 5,052,740 -1,723,392 -$5,170 -224,108 -4,722 -$672 -52% 

  Norm-Estimated   6,136,592 5,052,740 1,083,852 $3,252 140,943 2,969 $423 18% 

West Sunset 
Playgrd. Metered 1-Yr. Total 12.7 7,707,392 9,216,856 -1,509,464 -$6,038 -118,855 -4,136 -$475 -20% 

The Metered 1-Yr.  Total and 4-Yr. Avg. are 
an incorrect measure of the required water use 
, as the heads are spaced too far apart and the 
effective irrigated area is lesser than 12.7 
Acres.  
The 6" meter for the soccer field is also too 
large to record small flows or leaks. 
The Norm-Estimated value more accurately 
reflects the water use for the park. 

  4-Yr. Avg.   6,451,500 9,216,856 -2,765,356 -$11,061 -217,745 -7,576 -$871 -43% 

  Norm-Estimated   11,513,216 9,216,856 2,296,360 $9,185 180,816 6,291 $723.26 20% 
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TOTAL Metered-1 Yr. Total 95.22 71,724,224 69,406,920 2,317,304 $8,501 24,336 

 
6,349 $89 3% 

    Metered 4-Yr. Avg. 
Total   64,755,856 69,238,620 -4,482,764 -$5,773 -47,078 

 
-12,282 -$61 -7% 

  Norm-Estimated   90,868,536 69,406,920 21,461,616 $79,567 225,390 
 

58,799 $836 24% 

        
 

   
        

 
   

TOTAL  Best Estimate  95.22 84,827,693 69,406,920 15,420,773 $57,820 161,949 

 
 
 

42,249 $607 18% 

For each park, the blue highlighted row 
indicates which Water Use data was used to 
calculate the Estimated Water Savings. The 
blue highlighted row here is a total of the 12 
blue highlighted rows above that are most 
reflective of the water use data of each 
respective park. 
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I. CONSTRUCTION COST ESTIMATES AND ESTIMATED COST SAVINGS 
 
Irrigation construction costs vary dramatically with the topography and detail of the landscape.  
Irrigation construction for large open areas is far lower than for small areas surrounded by 
hardscape or other borders.  Large open fields can be as low as $1.25 per square foot.  Small 
intricate areas can range from $1.50 to as much as $3.00 per square foot, with an average cost for 
spray heads of about $1.75.  Most parks surveyed consist mainly of open areas and large sports 
fields with some areas requiring spray heads.  Data is displayed in Table 3: Construction Costs 
and Years of Payback below.  

• Pre-design estimates are rough estimates only. 
• It is assumed that all major paths will be trimmed (that is, heads will be laid out to spray 

away from the paths and not shoot over them, as is the case at some of parks with 
existing systems.) 

• Historically, irrigation construction bids vary greatly with the economy.  Slow times have 
brought forth much more competitive prices. 

• Maintenance items are included in the construction cost estimates as lump sum cost 
items.  All necessary items should be done prior to a construction project. 

• Buried valves in sport fields whose locations are not known are considered a necessary 
item to be attended to as soon as possible, and are included in construction cost estimates 
as a lump sum cost for wire tracing. 

• Flow sensors and rain sensors are included as part of the construction projects.  New 
controllers to communicate with the sensors are included if needed. 

• For the reviewed parks, replacing the old existing irrigation systems with new automatic 
irrigation systems would be the best alternative.  For most of the old systems where vast 
improvements could be made at a significantly lower cost over a complete new system, 
renovations are recommended to expedite improvements and water savings.  
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Table 3: Construction Costs and Estimated Cost Savings  
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Alamo Square 
Metered 1-Yr. Total 9.4 $432.81 1,356,124 3,715 $4,068 $874,925 

  
Metered 4-Yr. Avg.  $432.81 1,356,124 3,715 $4,068  

  
Norm-Estimated  $812.61 2,546,192 6,976 $7,639  

Alta Plaza 
Metered 1-Yr. Total 8.41 $541.39 1,517,692 4,158 $4,553 $513,930 

  
Metered 4-Yr. Avg.  $36.02 100,980 277 $303  

  
Norm-Estimated  $1,346.67 3,775,156 10,343 $11,325  

Balboa Park 
Metered 1-Yr. Total 17.3 -$256.14 -1,107,788 -3035 -$4,431 $96,320 

  
Metered 4-Yr. Avg.  -$615.35 -2,661,384 -7,291 -$10,646  

  
Norm-Estimated  $346.41 1,498,244 4,105 $5,993  
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Franklin Square Metered 1-Yr. Total 2.61 $1,337.80 1,163,888 3,189 $3,492 $15,457 

  Metered 4-Yr. Avg.  $1,431.52 1,245,420 3,412 $3,736  
  Norm-Estimated  $1,624.97 1,413,720 3,873 $4,241  

Hamilton Rec. 
Center 

Metered 1-Yr. Total 1.5 -$1,162.39 -581,196 -1,592 -$1,744 $107,811 

Metered 4-Yr. Avg.  -$643.28 -321,640 -881 -$965  

Norm-Estimated  $1,145.94 572,968 1,570 $1,719  
Jackson Playground Metered 1-Yr. Total 4.05 -$1,434.13 -1,161,644 -3,183 -$5,808 $71,000 

  Metered 4-Yr. Avg.  -$1,434.13 -1,161,644 -3,183 -$5,808  
  Norm-Estimated  $1,114.61 902,836 2,474 $4,514  

Jefferson Square Metered 1-Yr. Total 5.1 $1,116.87 1,139,204 3,121 $5,696 $530,800 

  Metered 4-Yr. Avg.  $2,203.67 2,247,740 6,158 $11,239  
  Norm-Estimated  $2,098.80 2,140,776 5,865 $10,704  
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Louis Sutter 
Playground. 

Metered 1-Yr. Total 4.46 N.A N.A N.A N.A $103,573 

  Metered 4-Yr. Avg.  N.A N.A N.A N.A  
  Norm-Estimated  $331.07 492,184 1,348 $1,477  

Marina Green Metered 1-Yr. Total 13 $1,364.35 5,912,192 16,198 $17,737 $361,033  

  Metered 4-Yr. Avg.   $334.01 1,447,380 3,965 $4,342  

  Norm-Estimated   $482.11 2,089,164 5,724 $6,267   

Moscone Rec. Ctr. Metered 1-Yr. Total 9 -$1,400.84 -2,521,508 -6,908 -$12,608 $160,260  

  Metered 4-Yr. Avg.   $465.42 837,760 2,295 $4,189   

  Norm-Estimated   $1,472.31 2,650,164 7,261 $13,251   

Ocean View Rec. 
Ctr. 

Metered 1-Yr. Total 7.69 $466.02 1,194,556 3,273 $3,584 $93,872  

  Metered 4-Yr. Avg.   -$672.32 -1,723,392 -4,722 -$5,170   

  Norm-Estimated   $422.83 1,083,852 2,969 $3,252   
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West Sunset 
Playground. Metered 1-Yr. Total 12.7 -$475.42 -1,509,464 -4,136 -$6,038 $186,447  

  Metered 4-Yr. Avg.   -$870.98 -2,765,356 -7,576 -$11,061   

  Norm-Estimated   $723.26 2,296,360 6,291 $9,185   

TOTAL Metered -1Yr  95.22 $89.28 2,317,304  
6,349 $8,501 $3,115,428 

  
Metered 4-Yr. Avg.   -$60.63 -4,482,764 

 
-

12,282 
-$5,773   

  Norm-Estimated   $835.61 21,461,616  
58,799 $79,567   

     

 

  

     

 

  
TOTAL Best Estimate 95.22 $607.22 15,420,773 42,249 $57,820 $3,115,428 
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I. General Recommendations 
 
This section presents general recommendations for water conservation and water-wise 
landscaping at San Francisco’s public parks, including the 12 parks studied in detail as part of 
this report.  
 
A. Irrigation 
 
Field assessments uncovered a wide range of inefficiencies and failures in existing irrigation 
systems, including antiquated systems with severe corrosion, recurrent leaks, inadequate or 
excessive water pressure, and broken heads and nozzles.  Most of the existing automatic systems 
at the studied parks are at least 30 years old. The average life of an irrigation system is 20-25 
years. Irrigation technology has improved significantly and far more efficient and durable 
systems are now available.   
 
Entirely new irrigation systems are the best solution for several of the parks that were assessed.  
For other parks, existing irrigation systems can be adequately renovated for a much lower cost 
than a completely new system.  As per the recommendations in this report, installing new 
weather-based smart controllers compatible with rain and flow sensors and a future central 
control system would be a low-cost, high-impact solution for many of the park sites studied.  For 
the Irrigation System Control the following tiered course of action is recommended.  

• Thoroughly reviewing controller options and then start a pilot program by installing the 
weather-based smart controllers.  If a single manufacturer is not decided upon, install one 
or two controllers of selected brands at sites where irrigation systems are being renovated 
or where new systems are being installed.  

• As more parks are renovated and weather-based smart controllers are installed and tested 
at park sites, decide whether to install a central control system. If a central control system 
is selected, then chose a central station site and connect to one or two of the installed 
weather-based controllers. 

• After the “break-in” period and once operations are running smoothly with the central 
control system and its satellite controllers (the weather-based smart controllers), proceed 
slowly in adding more parks to the central control system. 

 
In most cases, plans and/or complete and accurate records of existing irrigation systems, 
including piping and routing sizes, are unavailable.   Without this information, more precise 
recommendations, especially for renovating existing systems, are not possible.  Development of  
as-built records is recommended to facilitate detailed evaluation and measure water conservation 
initiatives. 
 
1. Design  
 

Designers assigned to create park irrigation plans should thoroughly review current park 
conditions to understand the existing irrigation system as well as park topography, 
climate, land use, plantings, and other relevant factors.  A professional member of the 
American Society of Irrigation Consultants (ASIC) or a Certified Irrigation Designer 
(CID) is highly recommended as part of the design team.   A documented irrigation 
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professional is recommended to ensure that the irrigation designer is trained and qualified 
in the use of the latest water-saving irrigation practices.   
 
City standards and specifications should be made available to designers to incorporate as 
part of the design. Comprehensive specifications and standards, including details for each 
irrigation component, should be developed and made available to designers and installers. 
A maintenance manual should be required as part of a contractor deliverable. 
 
Bid documents should include commissions for new or renovated irrigation systems.   
Upon completion, the irrigation system installation should be verified and its 
functionality tested as part of the commissioning.  
 
To maximize water savings and minimize water bills, irrigation design should be based 
on:  

• The watering needs of the plant material, in inches per week.  
• Duration and rate of application.  
• The site-specific soil, wind and slope conditions. 

 
2. Documentation 
 

Any new system or renovation needs to have accurate and complete record drawings.  
Documentation should be part of the specifications and a condition of contract 
compliance.  During construction, daily records of construction progress should be 
recorded and verified.   
 
Record drawings need to be reviewed and approved before final acceptance of the work 
and before final payment is made. A method of record keeping is then necessary so these 
records can be duplicated and made accessible in the future.   
 
A copy of irrigation system plans, including legend and notes, should be at every park for 
reference when equipment needs repairing or replacing. The precipitation rate for each 
valve zone, maximum runtimes for the month of July (assumed to be the highest water-
use month), location of irrigation supply shut-off, irrigation schedule, maintenance 
checklist and distribution uniformity should be provided to the maintenance staff on site 
at the park.  

 
3. Standards and Specifications 
 

Consistent, city-wide standards and specifications for irrigation systems are highly 
recommended.  They should include design elements, pipe, and assemblies from pipes to 
components, as well as the various irrigation equipment components.  Well-thought-out 
standards will greatly enhance the success of the irrigation system.  Design and 
equipment standards will also provide consistency within the park system, which will 
streamline repair work and parts inventory tasks and ease operations and maintenance 
when personnel are transferred. 
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Key items that would enhance water conservation if designed, constructed and 
maintained properly are: 

 
Central Control System.  A central control system is recommended as a long-term goal 
for the park irrigation systems.  A central control system can yield significant water 
savings by increasing efficiency in irrigation monitoring and scheduling.  A central 
control system monitors and controls irrigation systems from a centrally located 
computer.  Such a system consists of a software application installed on a computer 
serving as a central control station, satellite controllers at various locations wherever 
irrigation system monitoring and scheduling is needed, an optional weather station 
providing evapotranspiration (ET) data, and communication links joining these 
components.   
 
Most manufacturers recommend a dedicated computer for the central control station.  The 
central control station generates and maintains schedules for all of the satellite controllers 
and receives input from all field sensors.  The most advanced satellite controllers now 
available are high-capacity controllers that can run several programs, start times, and 
other optional features, and can function independently of the central station. A weather 
station operates sensors that monitor wind, rain, humidity, and solar radiation.  
Information from these sensors is formulated into ET data for irrigation scheduling.  
Communication between components can be achieved using hard-wire connections, 
telephone, radio, or some combination of these.  Telephone communication is usually the 
most economical in urban areas.  A central control station can be installed for individual 
districts or for the entire city. Multiple central control stations would present higher costs. 
 
There are several options for managing a central control system.  Systems can be 
configured so that irrigation schedules can be changed only at the central control station, 
or can be overridden at the satellite controller.  Input codes can be used to restrict 
controller access to the system. Different modules are available to customize 
communication requirements.   
 
When a weather station is included in the central control system, irrigation schedules are 
adjusted according to real-time weather conditions.  Without a weather station, irrigation 
schedules are determined using historic ET data.  Since weather patterns can vary 
significantly from year to year, real-time weather data is highly preferred.  Using real-
time data can yield water savings of up to 25%. 
 
Weather stations must be carefully located in order to accurately measure ETo, gather 
data that is sufficiently representative of ETo, and protect stations from vandalism.  As an 
alternative to weather stations installed by the SFRPD, the California Irrigation 
Management Information System (CIMIS), a division of the California Department of 
Water Resources (DWR), manages a network of weather stations.  ET data from a CIMIS 
weather station can be accessed electronically with a free subscription.  The DWR installs 
and maintains the CIMIS station but the requestor must maintain the site.   
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Site requirements for a CIMIS weather station are stringent, and it is often difficult to 
find a suitable location.  More information is available from CIMIS (Jan Carey, 
representative, 916-376-9630.) 
 
As another alternative to a central control system, there are irrigation systems that use 
data from weather satellites, translated into ET data and sent automatically to a controller.  
Both Toro and Rainmaster have these systems.  
 
Deciding on a central control system is largely a matter of management philosophy.  The 
decision about irrigation control systems should be made prior to any design of an 
irrigation system, so that the appropriate controllers can be selected, and so that the same 
controllers are used system-wide.  As discussed in the Controller section below, 
individual smart controllers are now available to generate ET-based schedules with 
accompanying mini weather stations.  If these smart controllers are used, the mini 
weather stations would replace the rain sensors (included with the controllers) for a 
nominal cost increase.  With proper training, caretakers at each park can maintain water-
conserving schedules using these controllers or manually inputting ET schedules. 
 
The costs for central control systems vary dramatically with manufacturers and options.  
Central control stations can range from less than $10,000 to as much as $20,000, 
including the cost of the software application and the computer.  Satellite controllers 
range in price from around $1,000 to as much as $5,000, and communication modules 
and equipment and installation fees add additional expense.  There are also recurring 
costs to maintain whatever communication mode is chosen.  Rainmaster and Calsense 
specialize in central control systems.  Hunter and other manufacturers also offer these 
systems.   
 
It should be noted that properly trained operators are needed to set up input data 
(including plant water needs, sprinkler precipitation rates, and so on) and to correctly 
operate the system to accomplish water savings.  In cases where central control systems 
have been installed system-wide, there have been problems with system operators being 
overwhelmed by new tasks and systems not being managed effectively.  If the SFRPD 
elects to use a central control system, a gradual, staged introduction of the new system is 
recommended.  Starting with one satellite controller and adding others gradually will give 
the central control operator time to adjust to the added scheduling and monitoring 
requirements. 
 
Controllers.  Selecting an appropriate controller with monthly % adjustment and with 
water conservation modes that allow delayed resumption of the irrigation system will 
take due diligence, but will pay off for the longer term.  Long-term reliability is vital – 
and the most expensive controllers are not always the most reliable.  If the irrigation 
system includes sensors for flow, rain, wind, moisture and so on (described below), the 
controllers must have the capacity to work with these sensors.   
 
If a controller with ET programming is selected, the programming feature should include 
an override option to allow for manual operation.  Programmed and manual operation 
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will likely be in conflict. Also, controllers with built-in plugs for a remote actuator are 
preferable.  Without these plugs, the control wires must be connected to the receiver, 
which is a temporary solution. 
 
Two controller manufacturers, Hunter and Rainmaster, are listed as preferred products in 
the SFRPD guidelines.  If a central control system is proposed for the future, then it is 
best to choose one consistent product for use throughout the city.  This will eliminate the 
need to replace inconsistent controllers if a central control system is installed.   
Both Hunter and Rainmaster models work with remote actuators and central control 
systems.  Rainmaster controllers have a history of long-term, reliable operation with flow 
sensors.  The Hunter controller is a newer model than Rainmaster, but both companies 
have comparable records with customer service and warranty support. 

 
Note:  The Hunter ICC model does not work with flow sensors.  It is strongly 
recommended that irrigation systems use flow sensors to adjust for over/under flow 
conditions (see the Flow Sensor section below.)   
 
Flow Sensors.  Flow sensors are highly recommended as they sense the flow for each 
valve and shut down the section or the mainline for over/under flow conditions.   A signal 
is then sent to the controller so the controller can display a warning note identifying the 
problem.  Flow sensors are installed as close to the water supply as possible, with a 
master valve.   
 
Rain Sensors.  Rain sensors are an inexpensive way to avoid operating the irrigation 
system during unexpected rains.  They are vulnerable to vandalism and need to be placed 
where they are inaccessible to the public.  There should be a way to override the sensor in 
case there might be a need to irrigate while the sensor is still overriding controller 
operation. 
 
Note:  It is desirable to identify priorities in upgrading irrigation systems. Changing 
controllers and adding rain sensors or mini weather stations would be a good first step.  
Upgrading controllers is a fraction of the total cost given for the renovation estimates.  
Flow sensing would best be done with the other renovation items. 
 
Wind Sensors.  Wind sensors have the potential to save water but there should be 
sufficient time in the water window to make up for the time when the irrigation system 
was not run.  There are a few options available for these sensors.  The window of 
opportunity for making up an irrigation cycle can be very tight and not always an option 
due to use patterns and events, thus careful review should be made at each park before 
deciding to use these devices.  
 
Moisture Sensors.  Moisture sensors have been effective in some situations.  However, 
with the complicated terrain and varied plantings in many parks, these sensors may well 
prove to be more a liability than an asset. 
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Remote Actuator.  A remote actuator allows the automatic controller of an irrigation 
system to be operated remotely. This handy device makes system checks and head and 
valve repair easier and faster and is recommended for each park. It makes a two-person 
job a one-person job when doing head and valve work. Currently, many controllers are 
located inside buildings.   For these situations, a cable with an antenna and connector can 
be attached to the remote actuator receiver. The antenna end of the cable can then be 
placed outside the building (temporarily or permanently) for better reception. Remote 
actuators should be included with all new irrigation systems and controller upgrades. 
 
Rotor Sprinkler Heads.  At the field visits, Hunter was found to be the standard chosen 
brand for rotor heads.  For efficient water application, it is essential to carefully select the 
correct model and nozzle to fit each situation. Hunter has a wide array of choices, making 
this task very attainable.  Overspray can now be reduced with the nozzles available. 
Rotors with slip clutch technology should be used to minimize problems due to damage 
or vandalism. 
 
Spray Heads.  Spray heads are notorious for their inefficiency. Efficiency factors have 
historically been hard to get for spray heads, as their efficiency ratings are so low that 
manufacturers did not want them to be published. For spray head applications, the Toro 
Company’s new spray heads that lower the precipitation rate and improve efficiency are 
recommended. These heads come in a variety of pop-up heights to accommodate various 
plant requirements and include matched precipitation rate nozzles, zero flush seals, five 
different throw radii, shut-off option for overflow condition, and nine arcs to 
accommodate different requirements. 
 
Drip Systems.  Drip irrigation should be considered where appropriate to conserve water 
by eliminating over-spray and runoff.  Significant water savings can be achieved when 
used with sparse plantings.  Drip systems water each plant individually.  Such systems 
are cost-effective for temporary irrigation when establishing low-water-use plants. 
 
Valves.  SFRPD guidelines list two valves as preferred products: Hunter and Griswold 
2000 series.  Griswold is the superior valve as it has many add-on components for various 
applications. 
 
Quick-Coupler Valves It is recommended that all galvanized quick-coupler systems be 
disconnected and abandoned.  Field inspections confirmed that the galvanized piping has 
numerous leaks and breaks and is too deteriorated to be maintained or repaired.  For 
parks where renovations to the existing automatic irrigation system are recommended, 
new quick-coupler valves should be installed on the automatic irrigation system mainline 
before old quick-coupler valves are disconnected.   These new quick-coupler valves will 
enable any necessary hand-watering tasks to be continued.   
 
In parks where a completely new automatic irrigation system and mainline are to be 
installed and recommendations call for disconnecting the galvanized quick-coupler 
system as soon as possible, new quick-coupler valves should be installed in the interim 
on the mainline of the existing automatic irrigation system. 
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For new and renovated automatic irrigation systems, new quick-coupler valves should be 
installed every 50 feet or as determined to fit the park program requirements.   For 
example, quick-coupler valves may be needed to supplement automatic irrigation in 
heavy-traffic areas at the perimeter of sports fields, to enable manual irrigation for special 
plantings, or to provide water for washing down walkways. 
 
A separate, redundant quick-coupler system with separate mainlines as a backup to the 
automatic irrigation system is not recommended.  Such redundant systems are rarely used 
and are not cost-effective.  A better solution is to focus efforts on prompt, efficient repair 
of automatic irrigation systems to ensure that irrigation remains in operation.  Refer to the 
Irrigation Maintenance section in the General Recommendations section of this report.  

 
Backflow Prevention Device.  Backflow prevention devices are required by the 
California Department of Public Health to be located on each irrigation system just 
downstream from the meter. SFRPD guidelines lists the Febco backflow prevention 
device as a preferred product, but Cla-Val has superior flow characteristics compared to 
Febco and also has superior warranty support. 
 
PVC Pipe.  PVC is non-corrosive and reliable under higher pressures.   It has been the 
irrigation industry standard for about 40 years.  The heavier grades such as Schedule 80 
are cost-effective for installation, repairs and system changes. Gasket pipe is 
recommended for 3” sizes and above, because of its high thermal expansion 
characteristics.  In cases where ductile iron or steel pipe and fittings are used for a 
mainline, it is essential to apply a coating to prevent corrosion.  SFRPD guidelines 
specify a 3” minimum size for mainline.  This is not always necessary.  For small 
projects, such as the system for the library at Hamilton Recreation Center, a 1-1/2” 
mainline is adequate. 

 
4. Inspections and Reviews 
 

Along with City inspectors, a qualified professional irrigation designer and certified 
irrigation contractors are recommended to augment installation oversight at certain 
critical points.  The cost of the designer and a certified irrigation contractor are a very 
minor portion of the overall construction costs.  A designer will provide expert 
knowledge of the proposed irrigation system operations, and will greatly improve the 
likelihood that the irrigation system will be efficient and successful. 
 
Specific items to include for designer review are: 
• Pre-Bid Site Review.  This will give all contractors a chance to review field 

conditions and ask questions. 
• Pre-Construction Conference.  Project construction should be reviewed in detail, 

including construction schedule and special requirements such as barricades and other 
public protection requirements.  The conference also provides the opportunity to 
review any unusual requirements in the plans, specifications and details. 

• System Layout Review.  Pipe and wire routes should be approved prior to trenching. 
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• Pressure Tests.  To be conducted as specified. 
• Coverage Tests.  System coverage should be tested and adjusted if necessary to 

achieve full coverage. 
• Documentation Review.   Record drawings, maintenance and operations manual 

should be submitted for review.  
 
5. Training 
 

The field assessment revealed that some park caretakers working in the SFRPD system 
did not have experience with operating, scheduling and maintaining irrigation systems. 
All personnel operating or maintaining irrigation systems should be adequately trained.   
 
Among other maintenance issues, proper head replacement is vital to maintaining the 
integrity of any irrigation system.   All park caretakers should have knowledge of 
sprinkler head models and nozzles for correct sprinkler replacement.  In addition, it is 
necessary to maintain an inventory of replacement parts so that appropriate parts are 
available when needed (see Equipment Inventory below.)    
 
In the future, as more sophisticated controllers and accompanying equipment are 
installed, training for proper operation and monitoring of these devices, including ET 
scheduling, will become even more important.  Manufacturer representatives of various 
companies are available to assist in training. 

 
6. Irrigation Scheduling 
 

Irrigation system operators should be trained to understand the irrigation needs of a site 
based on soils, plant type, sun and wind exposure, and other climate factors.   
In regard to turf areas, field assessments revealed that turf at most parks is watered daily, 
sometimes for periods extending up to 90 minutes for each valve. With efficiently 
designed, constructed and properly maintained irrigation systems, this schedule should be 
reduced.  Watering turf every other day or three times per week during dry months  and 
every third day during wetter spring months should be adequate in most cases.  This 
approach may not work where there is compacted or sandy soil, so soil assessment is vital 
when scheduling irrigation.  
 
Climate-appropriate low-water-use plantings need only 25% to 50% of the water required 
for turf.  Passive turf areas (turf areas not specifically designed for a sport or activity) 
should be converted to low-water-use plantings whenever possible.   
 

7. Equipment Inventory 
 

Adequate spare quantities of each type of sprinkler head and nozzle should be available at 
each park, along with documentation for correct component selection and installation.  If 
the correct components or instructions are not available, it is almost assured that 
inappropriate heads will be used and water use inefficiencies will creep into the system.  
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8. Irrigation Maintenance 
 

During field assessments, park caretakers and supervisors indicated that maintenance 
problems with irrigation systems are the biggest challenge facing park staff.  Severe 
leaks, broken pipes, valve malfunctions, sprinkler head defects, and other breakages are 
causing constant water loss.  Until these problems are addressed, water conservation is 
not possible.   
 
Though park staff works concertedly to maintain irrigation systems, staff shortages often 
result in routine maintenance being deferred.  This means that a small problem, left 
unattended, can escalate into a much bigger problem.  A small drip can grow into a large 
leak, and an associated wet spot on the ground can become a standing puddle and then a 
sink hole that damages paths and plantings.  The problem continues to grow, along with 
the time, equipment, staff, and money required to fix it.   
 
It is essential that the repair of problems such as severe leaks be a high priority in the 
allocation of park resources.  Without such maintenance, continued water loss will make 
any water conservation measures ineffectual.  A properly maintained irrigation system is 
the foundation of a successful water conservation program, preventing water waste as 
well as unnecessary plant, fencing, and hardscape replacement costs.   
 
Along with necessary repairs, irrigation systems should be regularly checked and 
adjusted for: 

• Seasonal climate changes 
• Matched precipitation rate (MPR) nozzles within each control valve and circuit 
• Low, buried sprinklers 
• Leaks 
• Sprinkler head rotation  
• Incorrect nozzles 
• Level surface-to-surface and arc adjustments 
• Overspray  
• Head-to-head coverage 
• Improper pressure 
• Operation of rain sensors and rain shut-off devices 

 
To be prepared for automatic irrigation system breakdowns, the following are 
recommended: 

• Spare parts for irrigation component failures. 
• Spare controllers for substitution while a site controller is being repaired or 

replaced. 
• Tools for diagnostics including wire tracing equipment, metal detectors and leak 

detection equipment. 
• In-house capability or arrangement with specialists or qualified consultants or 

certified irrigation contractors with at least 3 years of irrigation related experience 
for prompt pump repair or replacement and controller and valve servicing. 
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These recommendations are less expensive and more cost effective, with a quick 
turnaround to get automatic irrigation systems back in operation than a redundant quick 
coupler system on a separate mainline. 

 
B. Alternative Water Sources 
 
1. On-site Stormwater Collection, Retention, and Use  
 

Catching, slowing and retaining stormwater promotes infiltration, removes pollutants, 
and minimizes overflows from the City’s combined wastewater and stormwater sewer 
system.  Soil tests and assessments are critical prior to designing and recommending any 
stormwater retention solutions. 
 
When designing new sites, limit grading to protect existing patterns of drainage and 
retain natural topographic features that slow and store storm flows.   Incorporate the 
following runoff management structures where feasible, to decrease stormwater runoff 
volume, peak flows, and flooding potential: 

• Divert runoff to landscaped beds, vegetated swales, or landscaped areas.  
• Raise stormwater inlets in planting areas to allow rainwater to infiltrate into soil 

rather than entering the storm drain.  
• When designing a vegetated swale, size the swale to treat at least 85% of average 

annual runoff.  Swales should be designed with flat bottoms at least 18 inches 
across or more based on stormwater calculations, and rock cobbles at the points of 
concentrated flow.  

• Create detention basins and ponds to slow the movement of water into storm 
drains, and allow water to infiltrate soil. 

• Use cisterns to collect stormwater and store it for future irrigation use.  
 
Rainwater harvesting systems were recommended for several parks in the study (Alamo 
Square, Alta Plaza, and Jefferson Square.)  These particular parks were sloped and likely 
to have significant runoff as a result.  The park’s swales could be designed to drain into a 
buried cistern that would collect runoff.  A pump would transfer the water back to the 
irrigation system.  

 
C. Planting 
 
1. Plant Selection 
 

When selecting new plants, choose species that are appropriate to the San Francisco regional 
climate and to the specific site conditions.   Putting the right plant in the right place 
contributes to the plant’s health and the overall success of the landscape.  Choosing low-
water-use plants minimizes irrigation needs.   

• Choose climate-appropriate low-water-use species from California or from other 
summer-dry Mediterranean climate zones. 

• Consider site conditions including soil type, moisture, slope, sun exposure, and wind, 
and choose plants suited to existing conditions.   
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• Plant in fall so the plants can establish their root systems during the rainy season and 
require less water during their first dry season. 

• Consider a plant’s mature size and water needs when choosing and placing new 
plants.   Choose plants adapted to the natural water conditions of the site; avoid plants 
whose irrigation needs will increase significantly over time. 

• Do not plant non-native species that have been identified as invasive, as they can 
crowd out other species by monopolizing water and nutrients.   

 
A number of parks in the study had high-water-use annuals planted in special areas to add a 
splash of color to the landscape.  Annuals were usually hand-watered.  Replacing these 
annuals with colorful low-water plants would create attractive landscapes with significantly 
lower water needs.  For more information on plant species refer to the Water Use 
Classification of Landscape Species (WUCOLS.)   

 
2. Plant Diversity 
 

A diverse landscape includes plants evolved to take advantage of different niches, with plants 
occupying different canopy levels and root zones.  Plant diversity allows for more efficient 
water usage than single-species plantings such as turf.  A diverse landscape creates habitat 
for desirable wildlife such as birds and insect pollinators, and provides interest and 
enjoyment for park users. 

• Refer to native plant communities of surrounding California regions and choose plant 
varieties that will be compatible with one another in their water and horitucltural 
needs.  See Hydrozoning for more information.  Specify layers of groundcovers, 
shrubs and trees that provide a variety of nesting sites and that flower and bear fruit at 
different times of the year.  Group flowering species in stands of at least 16 square 
feet to attract native pollinators.  

• Convert passive turf areas, or turf areas on steep slopes (greater than 10%) with 
climate-appropriate low-water-use plantings, to prevent irrigation runoff and bare 
areas.  

 
3. Hydrozoning  
 

Different plants have different water requirements.  Design plantings and irrigation systems 
to minimize water requirements:   

• Group plants by similar water and light needs (dry shade, dry sun, wet shade, and wet 
sun.) 

• Choose plants that are appropriate for existing conditions.  For example, place plants 
with higher water needs in areas with moist soil.  

• Create and identify irrigation zones on plans, based on the plants’ water requirements, 
exposure, and soil water holding capacity.  Include estimated water use tables and an 
irrigation schedule in construction documents. 

• Separate valves for individual hydrozones.  
• Discontinue irrigation for low-water-use plants once they are established. 
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4. Minimizing Turf 
 

Turf is useful for active recreation and for passive use such as lying in the sun.   
However, turf requires frequent irrigation to stay green during San Francisco’s long dry 
season.  Turf also involves high maintenance costs for mowing, fertilizing, and other 
tasks.   Heavy application of fertilizers and pesticides on turf can harm water quality.    
 
Converting passive-use turf areas to climate-appropriate low-water-use plantings can 
significantly decrease irrigation requirements, maintenance costs, and groundwater 
pollutants.  Consider planting low-water-use turf alternatives that are comparable to turf, 
can tolerate foot traffic and also be mowed if desired, for example: Carex pansa, Festuca 
Point Joe, Festuca rubra, Festuca idahoensis, Festuca longifolia (Hard fescue) and 
Deschampsia cespitosa. The suggested turf alternatives are also suitable for parks that 
have very formal designs and need to maintain a certain visual character. 
 

• As a target goal, limit passive-use turf to no more than 25% of total irrigated 
areas.   Replace turf in areas that are difficult to irrigate or maintain, including 
steep slopes and narrow or irregularly-shaped areas.   

• Replace turf in areas where grass does not grow well, such as heavily-shaded 
areas or areas along creeks or wetlands.   

• Replace turf with climate-appropriate low-water-use plants including grasses, 
perennials, groundcovers, shrubs, or trees.  Where topography permits, create 
naturalized grassy swales to collect and filter rainwater.   

• Convert soccer fields and other sports fields to synthetic turf when possible.  
Conversion costs would be supported by long-term water savings, as well as 
possible revenue from increased use. 

 
Manage active turf areas to minimize environmental impacts by: 

• Grasscycling (leaving cuttings in place to recycle nutrients.) 
• Aerating and then topdressing with compost. 
• Phasing out application of fertilizers and pesticides, and using integrated pest 

management that includes hand pulling weeds, use of natural herbicides, and use 
of beneficial nematodes.  

• Using water-efficient irrigation systems and proper irrigation scheduling to 
prevent overwatering. 

 
5. Organic Pest Management 
 

Use organic pest management, including organic insecticides and beneficial insects, rather 
than synthetic pesticides.  Synthetic pesticides can kill desirable species including soil-
dwelling organisms, harming the soil’s ability to filter water, break down plant debris, and 
generate nutrients.  Synthetic pesticides can also leach into the water system, creating an 
environmental hazard.   

• Use only products allowed by the Organic Materials Review Institute (OMRI, 
www.omri.org) 

• Read the label on every pesticide for toxicity to non-target or beneficial organisms. 
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6. Dog Runs 
 

Several parks had turf areas that were heavily used for dog walking and playing.  Dog 
running causes a number of maintenance problems, including holes dug by dogs that 
cause puddled water, difficult mowing, and compacted soil. The SFRPD Guidelines 
recommend that natural turf should not be installed in designated Dog Play Areas. A 
water-conserving alternative to using turf for dog running is to construct a formal dog 
run, surrounded by a fence and paved with wood chips, rounded gravel or decomposed 
granite.  Such a dog run would not be irrigated. 
 
As an alternative to replacing turf, another solution would be to cycle the dog park, with 
certain areas closed temporarily to allow turf to re-establish. 

 
D. Soil Maintenance 
 
A robust, living soil with sufficient organic content is the foundation of a water-conserving 
landscape: 1 cubic foot of soil holds roughly 1.5 quarts of water for each 1% of organic matter. 
The amount of irrigation water required for a landscape thus varies significantly with soil type 
(loam, sand, clay, and so on) and soil quality.  For new or renovated projects, select plants suited 
to the existing soil type to minimize irrigation requirements and increase plant survival rate.  Add 
soil amendments to improve soil quality.   Refer to SFRPD guidelines and the Bay-Friendly 
Landscape Guidelines (from StopWaste.org) for information on soil amendments.  
 
The key components for nurturing soil quality and restoring its ability to absorb and filter water 
are: 
• Conserving and Protecting Topsoil 

Topsoil is a valuable resource teeming with beneficial organisms that create the soil 
structure, store and cycle nutrients, and improve water infiltration.  For new construction or 
renovation, remove and store topsoil and re-spread after grading and construction. 

• Protecting from Compaction 
Compacted soils do not have adequate space for air or water, resulting in poor water 
infiltration.  This increases irrigation needs and can impact plants’ ability to absorb water and 
nutrients. 
o Avoid the use of heavy equipment when soil is overly wet.  In particular, be sure to 

schedule mowing when the soil is not wet. At all the parks surveyed, mowing was one of 
the reasons for significant compaction in all the turf areas. 

o Design circulation routes to prevent heavy foot traffic on unprotected soils. 
• Composting 

Composting increases the soil permeability and water-holding capacity, thereby reducing the 
need for irrigation. Compost allows the soil to support beneficial microorganisms. It turns 
plant debris into a beneficial soil amendment, returning valuable nutrients and organic matter 
to the soil. 
o Assess the soil for physical and chemical problems and amend the soil with compost, if 

appropriate.   
o For new plantings, amend the soil before planting.  For existing plantings, top-dress with 

compost. 



1–33 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

o Before composting, consider the nutrient needs of the affected plants.  Some plants prefer 
nutrient-poor soils. 

• Recycling Plant Debris 
Recycling plant debris on-site creates natural compost, returning valuable nutrients and 
organic matter to the soil, restoring its ability to absorb and filter water, and reducing the 
need for irrigation and fertilizers. 
Grasscycle: 
Leave the clippings on the turf after mowing to decompose and release their nutrients into the 
soil. Grass clippings have about 4% nitrogen and can lower fertilizer requirements by as 
much as 50%.  
o Mow when the grass is dry for the best results.  
o Grasscycle lawns from April to October or longer. Sports turf may be excluded during 

game season, when clippings interfere with play. 
Mulch: 
Mulch conserves water by reducing evaporation, and can also suppress weed growth.  Using 
mulch can reduce irrigation needs, improve health of desired plants, and reduce maintenance 
needs.  
o Allow plant debris such as fallen leaves to remain in planting areas.   Spread debris 

evenly over surface and allow debris to decompose to create natural compost.  Where 
necessary, chip plant debris to a size appropriate for decomposition. 

o Remove debris from diseased plants to prevent further spreading of disease.   
• Aeration 

Aeration improves soil permeability, increasing water infiltration and stimulating root 
growth.  Compacted soils, especially those under heavily-trafficked turf, should be aerated 
regularly.   
o For new plantings, aerate soil mechanically before amending and planting. 
o Aerate soil in turf areas at least once a year.  Aerate in spring, when soil retains some 

moisture from winter rains.  Avoid aerating turf during dry summer months, or during 
winter, when heavy equipment can compact wet soils. 

o For heavy-traffic areas, aerate once a month. 
o Top-dress soil with compost following aeration, to increase moisture retention. 

• Fertilize 
Fertilization can make plants healthier and more water-efficient, reducing irrigation 
requirements.  Fertilize plants when needed, as indicated by soil analysis or by plant 
condition. 
o Use nutrient-rich compost or naturally-derived slow-release fertilizers. 
o Avoid synthetic, quick-release fertilizers as these can leach nutrients from the soil over 

time, and can damage plants if applied too frequently. 
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PARK: ALAMO SQUARE PARK 
 
LOCATION: Hayes/Steiner Street 
 
TOTAL AREA: 10 Acres 
 
Park Description: 
 
Alamo Square Park is a San Francisco neighborhood park comprising four city blocks. 
Established in 1857, the park is located at the crest of a hill in a historic residential area of the 
Western Addition. The park is defined by broad lawns sloping down from the center high point 
to the surrounding streets. Approximately 25% of the park consists of steep slopes (10% grade or 
more.) Large mature trees are clustered throughout the park, primarily near the center, and dense 
plantings of shrubbery occur at the park’s two northern corners, partially obscuring the entrances 
there. Paved paths provide a variety of circulation routes through the park. The park includes a 
tennis court and a children’s playground. 
 
The park offers excellent views of the city skyline and the popular Painted Lady Victorian 
houses along Steiner Street, as well as a viewing area along Hayes Street for the annual Bay to 
Breakers run. Alamo Square is also a very popular dog park. A west-central portion of the park is 
an officially designated off-leash area; however, off-leash dogs are frequently present throughout 
the park. Heavy dog traffic has led to patchy, dead, and eroded turf areas. 
 
Irrigation runoff from steep slopes has also led to patchy or dry areas in much of the park’s turf.   
Steep turf areas should be converted to climate-appropriate low-water-use plantings, which will 
reduce the need for irrigation, prevent inefficient runoff, and provide better ground coverage. 
 
Existing Irrigation System: 
 
The current automatic irrigation system is approximately 30 years old. A much older galvanized 
pipe quick-coupler line (estimated to be 70 years old) is connected into this same pressurized 
system. The galvanized pipe is severely corroded. It is subject to increasing failure and below-
surface breaks which can go undetected for extended periods of time. The newer, 30-year-old 
system also has severe leaks. At the time of the site visit, 6 mainline leaks were reported or 
identified. The exact volume of water lost through leaks can’t be determined. However, water 
use records provide evidence that water is running continuously from numerous breaks and has 
been for quite some time. 
 
The water pressure for the irrigation system is 50 PSI, too low to operate rotor heads effectively. 
 
The cumulative effect of water loss and low pressure, along with other design and layout 
problems, has led SFPUC staff to determine that the entire system should be replaced. 
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Summary Recommendations for Water Conservation Improvements 

Conservation Improvements: 

• The galvanized pipe quick-coupler system needs to be disconnected and abandoned as 
soon as possible to halt the unchecked leakage at this source. 
 

• A booster pump is recommended to increase and stabilize the water pressure serving this 
irrigation system. The current static water pressure at this park is approximately 50 PSI. 
This is considered marginal for operating rotor heads and must be supplemented to 
achieve adequate irrigation coverage. 

Non-Pressurized Water Delivery System/Components Improvements: 

• Install a new automatic irrigation system incorporating the recommendations provided in 
the General Recommendations section of this report. 
 

• Install a weather-based smart irrigation controller that is compatible with rain and flow 
sensors, and that would be compatible with a central control system if one is installed in 
the future. (See the Irrigation section of the General Recommendations for more 
information on Central Control Systems.) 
 

• Redesign the park landscape to integrate sustainable design and to better respond to site 
conditions and park use. 
 

• Alamo Square Park is a good candidate for developing a stormwater harvesting system.  
Features such as vegetated swales, infiltration basins, or a cistern can take advantage of 
stormwater runoff from the park and further reduce potable water use. Stormwater 
harvesting features could be installed while other upgrades are being performed, without 
adding significant construction costs. See Alternative Water Sources in the General 
Recommendations section for more information. 

Potential Water Cost Savings for Alamo Square Park 

Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use at each park, as well as the estimated annual water savings. 

However, at Alamo Square Park the metered water use was determined to be an inexact measure 
of current water use for several reasons: 

• At the time of the site assessment, 6 pressurized mainline leaks were reported to be 
present. The presence of leaks was confirmed when the irrigation system was turned off 
and the meter continued to indicate water flow. 

• In addition, a large portion of the park’s irrigation system was shut down due to system 
breakages. 
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• Irrigation run times had been reduced because of spray blockages. 

For this reason, the site assessment team calculated the current estimated water requirement for 
the park, based on park area, plant type, and ET scheduling, to establish a norm for projecting 
potential water and cost savings. 

In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available. 

More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 
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Metered 1-Yr 

Total. 9.4 6559960 5,203,836 1,356,124 $4,068 144,269 3,715 $432.81 20.67% 

Metered 4-Yr 
Avg. 9.4 6,559,960 5,203,836 1,356,124 $4,068 144,269 3,715 $432.81 20.67% 

Norm-
Estimated 

 
9.4 7,750,028 5,203,836 2,546,192 $7,639 270,871 6,976 $812.61 32.85% 
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SITE OBSERVATION & ASSESSMENT, July 6th 2009 RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER (S) 
 
The existing irrigation system is served by: 
PUC Meter #:  T0060319397 
Meter Quantity & Size: (2) x 2” (Manifold) 
 

 

WATER PRESSURE AND REGULATING 

Static water pressure at the BPD: 50 PSI 
 
Design pressure stated on record irrigation plans is 47 PSI. 
However, pressure appears to be even lower at the rotor heads, 
as operation and coverage are marginal. 
• In general, 50 PSI of system water pressure is not 

considered adequate to effectively operate the number of 
valves for the requisite run times within the given window 
of time available for irrigating the park. 

• The gardener ran two valves concurrently to demonstrate 
the impact of low pressure on head performance. The heads 
did not operate effectively. 

 

 

 

 
• A booster pump should be 

installed to improve pressure to 
the recommended new 
irrigation system. 

 
• Rotor heads designed to operate 

at lower pressure with lower 
flow rates could be installed 
where critical. This could 
improve coverage. 

PRESSURIZED PIPING (MAINLINE & QUICK-COUPLER) 
 
The automatic irrigation system and a much older galvanized 
quick-coupler system are connected and served by a common 
pressurized water supply. 
• The old galvanized pipe is severely corroded and is 

continually springing leaks at various places throughout the 
park. 

• The galvanized quick-coupler system point of connection 
could not be determined on site or from the available survey 
information. The most likely place for the connection is 
either at the discharge side of the backflow prevention 
device or at the water meter. 
 

 

 
 
 
 
 
• The galvanized pipe supplying 

the quick-coupler system needs 
to be disconnected from the 
irrigation system as soon as 
possible to end the overt 
ongoing waste. 

• In the event that the galvanized 
quick-coupler system cannot be 
disconnected, the projected time 
to replace the entire irrigation 
system should be accelerated. 
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SITE OBSERVATION & ASSESSMENT, July 6th 2009 RECOMMENDATIONS 

LEAKS 
 
There are two significant leaks along Steiner Street. The water 
runs across the sidewalk and into the street. A mower sank and 
damaged a head on the steep slope. 
• The leaks have resulted in a perpetual soggy and overgrown 

area, and constant water loss. 
 

 
 
 
 
 
• Due to the severity of flooding, 

it is recommended that the leaks 
be fixed as an interim goal to 
prevent public safety hazards. 

There are water puddles in the dog run area, apparently from the 
broken heads and pipes. 
• Along with water wastage, these puddles could possibly 

develop into a health hazard. 

 

There is a leak under the pavement that, according to the 
gardener, has been there for a long time. 
• The cause of the leak is undetermined and needs further 

evaluation. 

 

• The leak beneath the pavement 
should be investigated and the 
cause and needed repair should 
be identified. 

CONTROL VALVES 

There are 110 valves according to the plans. 
 
Functionality 
Several control valves had been manually turned off by vandals. 
Several additional valves were not functioning. Control wires 
were reportedly cut during lighting installation. 
• Since irrigation is scheduled to run at night, staff is not 

present to check valve functioning. The valves that have 
been turned off by vandals are detected only when the turf 
or plant areas show distress or during monthly checks by the 
staff. 

• The valves with the wires cut off must be turned on 
manually to irrigate. 

 
 
 
 
 

 
 
 

 

 
 
 
 
 
 
• For the recommended new 

irrigation system, install new 
valve boxes with locking lids to 
prevent valves from being 
turned off by vandals. 

• Repair cut wires, as an interim 
goal. 
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SITE OBSERVATION & ASSESSMENT, July 6th 2009 RECOMMENDATIONS 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
The existing park irrigation system is served by six automated 
controllers. 
There is no remote actuator for any of the controllers on site. 
 
Make and Model: Griswold (5 24-station controllers) 
Controller serves: Turf areas  
Location: Maintenance shed 
Age: Approx. 30 years 
Capabilities:  Not flow/rain sensor compatible 
 
Make and Model: Irritrol Rain Dial (1 12-station 

controller) 
Controller serves: Turf areas 
Location: Near dog run, in vandal-proof enclosure 
Age: Less than 30 years 
Capabilities:  Not flow/rain sensor compatible 

 
 
 
 
 

• Install new weather-based smart 
controllers compatible with a 
central control system, in case 
such a system is installed in the 
future (for more information, 
see Central Control Systems, in 
the Irrigation section under 
General Recommendations.) 

 
• Provide and install flow sensors 

and master valves, one for each 
irrigation control system. 

 
• Provide and install rain sensors, 

one for each controller. 
 
• Provide remote actuators. 

 
IRRIGATION SCHEDULE 

The irrigation is scheduled to run every day during dry months, 
irrespective of plant water requirements, hydrozones, or soil 
conditions. The schedule is reduced during wet months. 
• Watering too frequently leads to water wastage, soil 

compaction and many plant disease and pest problems. 

 
 
 
 

 
• Turf should be watered every 

third day during wet spring 
months and every other day 
during dry months. Modify 
schedule if soil conditions 
require. 
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SITE OBSERVATION & ASSESSMENT, July 6th 2009 RECOMMENDATIONS 

WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED 

 

DISTRIBUTION UNIFORMITY 
 
Head Layout & Spacing 
The head spacing is irregular, with little head-to-head coverage. 

Many areas in the park have uneven precipitation rates as 
well as inadequate coverage. 
 

 

Head Operating Pressure 
The operating pressure at the heads is extremely low. 
• Low pressure impacts the droplet size, velocity and distance 

of throw and the heads do not function effectively. 

 

Sunken Blocked Heads 
The existing Thompson rotor heads have a short pop-up height 
of approximately 1 inch and are heavy. 
• As a result they tend to sink into the ground over time. 

Many of these sunken heads are overgrown by grasses 
which further inhibit their performance. 
 

 
• Replace Thompson heads with 

more efficient rotor heads that 
have 3- to 5-inch pop-up 
heights. 

Mismatched Heads and Nozzles 
Heads and nozzles are mismatched, resulting in uneven flow 
rates and uneven precipitation rates. 
• Mismatched precipitation rates greatly impact the uniform 

distribution of water and result in ineffective coverage, with 
some areas of the turf dry and patchy. 

 
• Install heads and nozzles with 

uniform flow and precipitation 
rates. 
Frequently check for sprinkler 
head rotation, leaks, level head-
to-surface and arc adjustments. 

Broken Heads 
Heads are being broken and replaced on an ongoing basis. 
• The problem at the park is worsened by the bulky mowers 

that mow the turf when the soil is wet. Turf on steep slopes 
makes it hard to maneuver the mower without causing 
damage to the heads. 

 
• Reduce irrigation schedule to 

allow turf to dry before 
mowing.  (See Irrigation 
Schedule section in the General 
Recommendations.) 

• Replace turf on slopes with 
climate-appropriate low-water-
use plantings. See Plantings and 
Soils section. 
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SITE OBSERVATION & ASSESSMENT, July 6th 2009 RECOMMENDATIONS 

Wind 
The park is often windy at night when the irrigation system is 
running, which adversely impacts the irrigation water 
distribution. 
• Head types, spacing and nozzles have not been adjusted to 

compensate for windy conditions. 

 
 
 
 

• Redesign head layout to 
compensate for wind. 

Slope 
Turf on steep slopes is extremely dry and patchy, or overgrown 
in areas with pipe breaks and leaks. 
• The steep grades cannot be irrigated properly with the heads 

specified without excessive runoff.  
 

 
 
 

• Replace turf on slopes with 
climate-appropriate low-water-
use plantings. See Plantings and 
Soils section. 

PLANTINGS AND SOILS 
 

 

EXISTING PLANTING TYPES AND WATER NEEDS 
 
Planting types have been identified in conjunction with park 
program needs to recommend areas for conversion to plantings 
with lower water needs. 
The most prevalent plant species in biomass or species 
population existing on site are: 
• Passive-Use Turf (approximately 8 acres, 80% of the total 

planted area) 
• Cypress, Palm and Pine trees, Coprosma, Pittosporum, 

Rhododendrons and Flax (approximately 1 acre) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

• Turf areas on the steep slopes 
(greater than 10%) along Scott 
Ave., Steiner Ave., and Fulton 
Street should be replaced with 
climate-appropriate low-water-
use plantings, or with no-mow 
grass or a turf alternative such 
as a hard fescue mix to maintain 
the neighborhood visual 
character and accommodate dog 
use.  (See Dog Run Area below 
for more information.) 

Area for conversion: 2.8 
acres (124,673 SF)  

• The low-water-use and grass 
species selected should be in 
accordance with the Plant 
Selection Guide in the SFRP 
Design Guidelines and the 
Water Use Classification of 
Landscape Species (WUCOLS.) 
Slopes along Hayes Street are 
used as bleachers for the annual 
Bay to Breakers run and should 
be kept as turf.  
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SITE OBSERVATION & ASSESSMENT, July 6th 2009 RECOMMENDATIONS 

HYDROZONING  
 
Plants are grouped by their water and light requirements. 
However, the irrigation schedule is not based on the plants’ 
water requirements, exposure, or soil water-holding capacity. 
Irrigation is scheduled to run every day for all plants. This leads 
to soggy turf and overgrowth of shrubs, which require frequent 
pruning. 
 

 
 

• Modify irrigation schedule in 
accordance with the General 
Recommendations section to 
accommodate hydrozones and 
plant types. 

PLANT DEBRIS 
 
• Grasscycle: 
The grass clipping are left on the turf after mowing so they 
decompose and release nutrients into the soil. Because the park 
is irrigated daily, the turf is mowed when it is still wet. Grass 
clippings clump up in the mowing equipment and are 
transported to the pathways and to the rock cobble swale areas, 
exacerbating the need for maintenance. 
 

 
 
• Reduce irrigation schedule and 

mow when turf is dry. 

PRUNING REQUIREMENTS 
 
Large and dense shrub areas must be severely pruned back 
every year to prevent homeless squatting. 

 
 
• Plants that require constant 

shearing should be replaced or 
selectively removed to eliminate 
unwanted areas of dense growth. 

DOG RUN AREA 
 
The dog run area on the western side of the park is planted 
entirely in turf. It is heavily used, and the turf is patchy and 
worn. 
• According to the SFRPD guidelines, natural turf is not 

recommended for dog run areas.  
• Dogs digging holes and exposing irrigation heads has 

resulted in broken heads, leaks and pits with standing water. 

 
 
 
 
 
• Turf replacement is 

recommended. 
• To control compaction, 

irrigation, and maintenance 
issues, wood chips or small, 
rounded gravel are a suggested 
replacement for turf. 

•  However, no specific 
substitution is recommended at 
this point, due to the lack of 
specific guidelines from the 
SFRPD and the need for public 
input at the pre-design stage. 
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• As an alternative to replacing 
the turf, another solution would 
be to cycle the dog park, with 
certain areas closed temporarily 
to allow turf to re-establish. 
Area for conversion: 1.3 acres 
(56,000 SF) 

ON-SITE STORMWATER MANAGEMENT AND DRAINAGE 
 

The existing rock cobble swales are less than 12 inches wide. 
 As a result, they are overgrown with turf and weeds and are no 

longer functioning effectively. 
 
 
 

 The park caretaker applies Roundup® to clear vegetation from 
the swales. Volunteer groups on the weekend help with weeding 
out swale areas and shrub beds. 
 
 
 
The site topography offers an incredible opportunity to create a 
cistern at the lowest point of the park and utilize runoff on site. 
A pump would recirculate the water to the irrigation system. 

 
 

• The rock cobble swales can be 
integrated with an on-site 
stormwater retention system. 
The swales would have to be 
widened with flat bottoms and 
sized for average annual runoff. 

• Eliminate use of broad-
spectrum pesticides. Refer to 
General Recommendations and 
the SFRPD guidelines for 
information on organic pest 
management. 

• The drainage system throughout 
the park would be modified to 
route all water runoff to the 
cistern. Soil tests and 
assessments would need to be 
performed prior to 
recommending a specific 
stormwater retention solution. 
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Alamo Square Park 
Quantity and Cost Estimate 

LANDSCAPE & IRRIGATION RENOVATION 

     ITEM UNIT QUANTITY UNIT COST COST 
NEW IRRIGATION SYSTEM - ENTIRE PARK         
Irrigation design including field review LS 1 $10,000 $10,000 
New irrigation system installation SF 367,000 $1.75 $642,250 
Cut and patch asphalt paths EA 22 $1,500 $33,000 
Furnish and install booster pump EA 1 $7,500 $7,500 
Landscape restoration SF 36,700 $2.50 $91,750 
Design and Construction Contingency +/-10% LS 1 $87,625 $87,625 

SUBTOTAL COST       $872,125 
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $1,600 $1,600 
Metal tracing to find galvanized pipe connections. LS 1 $1,200 $1,200 

SUBTOTAL COST       $2,800 
          

GRAND TOTAL       $874,925 

     
     Notes: 

    1. A booster pump will be required and is included in the estimate. 
2. The network of paths increase the square footage cost by requiring cutting and patching asphalt (or boring 
underneath) and extra heads required by having part circle heads along the path edges and breaking the area up 
into smaller sections. 
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Figure 2
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PARK: ALTA PLAZA PARK 
 
LOCATION: Jackson/Steiner Streets 
 
TOTAL AREA: 10 Acres 

Park Description: 

Alta Plaza Park is a neighborhood park in San Francisco’s Pacific Heights district. The park site 
was once an abandoned quarry, purchased by the city in 1877, and developed as a park following 
the earthquake of 1906. The park provides four city blocks of open space in the now urban 
neighborhood.  

The park has spectacular views overlooking much of San Francisco's Marina and Cow Hollow 
Districts, the Presidio, Fort Mason, and Alcatraz Island. About 75% of the park consists of turf 
areas, gently sloping along the northern half and deeply terraced on the southern half.  
Approximately 50% of the park consists of steep slopes (20% grade.) Turf on the steep slopes is 
patchy due to uneven irrigation water distribution and runoff. The park includes two hard-surface 
tennis courts and a recently installed small playground.   
 
Existing Irrigation System: 
 
The automatic irrigation system has three controllers. The system and supply mainline are 
approximately 30 years old. The automatic irrigation system is connected to the west portion of a 
much older galvanized quick-coupler system (estimated at 60 to70 years old.) The galvanized 
pipe is severely corroded. On the south side of the park there are severe and continuous leaks. 
(The leaks have been flooding the sidewalk along Clay Street.) This south side system has been 
shut down at the meter to prevent further water loss. Consequently, turf in the terraced area of 
the park (approximately 25% of the park) is dried out.  
 
A dense gopher population has created a significant irrigation maintenance problem.  Digging 
gophers chew through irrigation control wires, cutting off the power to the system remote control 
valves.   
 
Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System Water Conservation Improvements: 

• The galvanized pipe quick-coupler system needs to be disconnected from the pressurized 
mainline as soon as possible.  
 

• Leaks along Clay Street and Jackson Street should be fixed.
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Non-Pressurized Water Delivery System/Components Water Conservation Improvements: 
 

• Install a new automatic irrigation system integrated with sustainable landscape design 
and park use for the entire terraced south side of the park. 
 

• Upgrade the irrigation control system to new weather-based smart controllers. 
 

• Substitute turf areas on steep slopes with no-mow or hard fescue grasses and climate-
appropriate low-water-use planting. 

 
• Alta Plaza Park is a good candidate for developing a stormwater harvesting system.  

Features such as vegetated swales, infiltration basins, or a cistern can take advantage of 
stormwater runoff from the park and further reduce potable water use. Stormwater 
harvesting features could be installed while other upgrades are being performed, without 
adding significant construction costs. (See Alternative Water Sources in the General 
Recommendations for more information.) 

Potential Water Cost Savings for Alta Plaza Park 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use.  At Alta Plaza Park the metered water use was determined to be an inexact 
measure of current water use, for several reasons: 
 

• At the time of the site assessment, 2 pressurized mainline leaks were reported to be 
present. The presence of leaks was also confirmed when the irrigation system was turned 
on and the sidewalks along Clay Street and Jackson Street started flooding.    
 

• In addition, the entire south portion of the park’s irrigation system was shut down due to 
galvanized pipe system breakages. 
 

• Irrigation run times had been reduced because of spray blockages. 
 
For this reason, the site assessment team calculated the current estimated water requirement for 
the park, based on park area, plant type, and ET scheduling, to establish a norm for projecting 
potential water and cost savings. 
 
In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available. Figures in italics indicate the 4-year average annual water use between 2005 and 
2008.  
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More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 
 
Alta Plaza 
 

Water Use Data 
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Metered 1-Yr 

Total 
8.41 7,405,200 5,887,508 1,517,692 $4,553 180,463 $541.39 20.49% 

Metered 4-Yr 
Avg. 

8.41 5,988,488 5,887,508 100,980 $303 12,007 $36.02 1.69% 

Norm-Estimated 

 
8.41 9,662,664 5,887,508 3,775,156 $11,325 448,889 $1,347 39.07% 
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SITE OBSERVATION & ASSESSMENT, July 20th 2009  RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED 

 

METER(S) 
 
The existing irrigation system is served by: 2 meters 
PUC Meter #: T0031878563 
Meter Size:    (1) x 2” 
 
PUC Meter #: T0060405258 
Meter Size:    (1) x 2” 
Plans of the old quick-coupler system show an additional 
water meter along Jackson Street with a connection to the 
center of the park.  
• This meter was not found during the field survey. 

 

BACKFLOW PREVENTION 
 
The south side does not have a backflow prevention device. 
• This is a public health and safety issue and code 

violation. Backflow prevention devices prevent 
contaminants from flowing back into the potable water 
system. Contaminants even in minuscule quantities put 
the population at risk of consuming fertilizers, 
pesticides, and animal residues. 

 
 
 
• A backflow prevention device 

should be installed as soon as 
possible, regardless of the 
irrigation system construction 
schedule. 
 

WATER PRESSURE AND REGULATING 
 
90 PSI at Scott and Jackson Streets and approximately 116 
PSI for the south side of the park.  
 
The south side of the park has high water pressure. The 
pressure might be as high as 116 PSI, due to the 60-foot 
drop in elevation. This probably is contributing to the 
volume of line breaks in the south side’s antiquated and 
corroding quick-coupler system as compared with the rest of 
the park. 
 

 
 
 
 
 
• The magnitude and reason for 

the higher pressure should be 
investigated and the new 
irrigation system should be 
designed accordingly, 
integrating pressure reducing 
valves as needed. 

PRESSURIZED PIPING (MAINLINE  & QUICK-COUPLER) 
 
The current pressurized irrigation supply mainline is also 
serving a much older pressurized galvanized quick-coupler 
system. The old quick-coupler system is connected to the  
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new automatic irrigation system on the west side of the park 
on Jackson Street, next to the water meter. 
• The old galvanized pipe is severely corroded and is 

continually springing leaks throughout the park.  
• Corrosion of the galvanized pipe on the south side 

seems much worse. The reason is unknown, but might 
be due to an enhanced corrosive environment 
exacerbated by the system’s higher water pressure. 

• There are numerous breaks in the old quick coupler 
system which has caused major erosion and safety 
issues. The slopes are currently unable to be mowed 
with a ride-on mower.  

• The connection of the galvanized quick coupler system 
to the automatic irrigation system is apparently at the 
water meter, for the west side of the park on Jackson 
Street. 
 

 
 

• The galvanized pipe quick-
coupler system needs to be 
disconnected from the 
irrigation system mainline and 
abandoned as soon as 
possible.  (Note that if the 
quick-coupler system is 
disconnected and not 
replaced, quick couplers will 
be unavailable for hand 
watering.) 

 
 

 

On the South side of the park, the irrigation system is on a 
separate meter (currently shut down due to leaks).  

• An entirely new irrigation 
system is recommended for 
the south side of the park 
using the 2-inch meter 
currently on the south side if 
the meter size is sufficient. If 
the existing meter is not a 
sufficient size, then a new 
meter should be installed 

LEAKS 

There is a sizeable leak that floods the sidewalk along Clay 
Street when the irrigation on the south side is turned on. 
There is also leakage from irrigation water onto the 
sidewalk along Jackson Street. 
• The leaks are a public health hazard. 
 

 

 
 
• The leak at Clay St. should be 

investigated and fixed if 
possible. Alternatively, the 
south side irrigation should 
not be operated until a new 
irrigation system is installed. 

• The leak at Jackson St. should 
be investigated and fixed. 

CONTROL VALVES 

There are total of 51 valves connected to three controllers.  
There are two valves on the east slope that are not 
operational via the controller since the wires have been 
chewed up by gophers.  
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• The valves with the wires cut off have to be turned on 
manually everyday to irrigate. As a result the east slope 
is irrigated during the day when the evapotranspiration 
is higher and the park is in use. 

 

• Restore electrical 
functionality of these valves 
to allow irrigation scheduling 
at night. 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER 
 
There are three controllers at this park.  None of the 
controllers have a remote actuator. 
 
Make and Model: Irritrol MC-24  
Controller serves: North and West Sides of the park 
Location:  Maintenance shed 
Age:  Unknown 
Capabilities:   Not flow/rain sensor compatible 
 
Make and Model: Irritrol MC-18  
Controller serves: South Side of the park 
Location:  Maintenance shed 
Age:  Unknown 
Capabilities:   Not flow/rain sensor compatible 
 
Make and Model: 12 Station Raindial  
Controller serves: East Side of the park 
Location:  Maintenance shed 
Age:  Unknown 
Capabilities:   Not flow/rain sensor compatible 

 
 
 
 
 

• Install new weather based 
smart controllers compatible 
with future central control. 
 

• Provide and install two flow 
sensors and master valves, 
one for each irrigation system. 

 

• Provide and install rain 
sensors.  
 

• Provide and install a remote 
actuator.   

 

IRRIGATION SCHEDULE 
 
The irrigation is scheduled to run every night for 20 minutes 
for the rotor heads per valve circuit and 5 minutes for the 
spray heads except during the rainy season, irrespective of 
the plant water requirements, hydrozones or the soil 
conditions. The shrub and perennial plantings are watered 
once a week by hand. 
• With watering too frequently, irrespective of the plant 

water needs, there is water wastage and soil compaction. 
Also, overwatering causes many of the common turf 
grass and landscape shrub disease and pest management 
issues to be made worse. 

 
 

• The turf with the rotor heads 
looks adequately watered, 
although it should be watered 
less often 

• Consider frequency of 
irrigation: 
1. Water every third day in 

spring at start of irrigation 
season. 

2. Switch to every other day 
(or three days per week) as 
warm weather begins. 
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• The automatic irrigation 
schedule should be 
programmed to consider soil 
conditions and modified 
accordingly. In case of poor or 
sandy soil the above approach 
may not work effectively. 

WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED 

 

DISTRIBUTION UNIFORMITY 
 
Head Layout & Spacing 
The head spacing is irregular, with no head to head 
coverage.  
• Many areas in the park have uneven precipitation rates 

and inadequate coverage. 

 
 
 
 
 

• Every head in the in the 
affected areas should be 
flagged. Each head should 
then be measured to all 
adjacent heads and recorded. 
Head locations should then be 
moved to equalize spacing. 
Additional heads with similar 
precipitation rates could be 
added if necessary to valves 
having a smaller quantity of 
heads to provide head to head 
coverage. 

Sunken Blocked Heads 
There are several existing Thompson rotor heads which 
have a short pop-up height of approximately one inch and 
are very heavy.  
• As a result they tend to sink into the ground over time, 

and many of these sunken heads are overgrown by 
grasses which further inhibit their performance. 

 

 
 
 
 

• Replace old Thompson heads 
with more efficient rotor 
heads that have three to five 
inch pop-up heights.  

Broken Heads 
Heads are being constantly broken and replaced.  
• The problem at the park is worsened by the bulky 

mowers that mow the turf when the soil is wet. The turf 
on the steep slopes makes it hard to maneuver the 
mower without causing damage to the heads.  

 
 

• Do not mow turf when it is 
wet. On steep slopes, 
substitute turf with plant 
material that doesn’t require 
mowing. 
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Mismatched Nozzles and Heads 
The old Thompson heads are being replaced by Hunter I-35 
heads. As a result heads are mismatched and do not have 
matched precipitation rates within each valve and circuit. 
• Mismatched precipitation rates greatly impact the 

uniform distribution of water and result in ineffective 
coverage, with some areas of the turf dry and patchy. 
 

 

 
 
• Relocate heads and change 

nozzles to obtain higher 
uniformity of application 
rates. 

Wind 
The park is often windy, which adversely impacts the 
irrigation water distribution. 
• Head types, spacing and nozzles have not been adjusted 

to compensate for windy conditions thereby impacting 
the distribution of water and resulting in dry patchy 
lawns. 
 

 
 
 

• The new irrigation system 
layout should be designed to 
compensate for wind. 

Slope 
The steep slopes with lawn are extremely dry and patchy, or 
overgrown with grass in areas with pipe breaks and leaks. 
• The steep grades cannot be irrigated properly with the 

heads specified without excessive runoff. Most of these 
areas have broken heads or pipes and irrigation has been 
turned off resulting in very dry or dead turf. 
 

 
 
 

• The new irrigation system 
layout for the south side of the 
park should take into account 
the slopes. The heads should 
have check valves to prevent 
low head drainage. 

PLANTINGS AND SOILS  

EXISTING PLANTING TYPES AND WATER NEEDS 
 
The most prevalent plant species in biomass or species 
population existing on site are: 
• Turf: Approximately 8.25 acres or 82.5% of the total 

planted area. 
• Cypress, Palm and Pine trees, Coprosma, Pittosporum, 

Rhododendrons, Griselinia and Flax: approximately 0.4 
acre. 

 
 

 
 
 
 

• Turf areas on the slopes 
greater than 10% along Clay 
Street, Scott Street and Steiner 
Street should be substituted 
with climate appropriate low 
water use planting.  

• No mow-planting and/or a turf 
alternative, such as a hard 
fescue mix are appropriate 
alternatives because they 
address the desired 
neighborhood visual character 
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as well as the trampling and 
clean-up issues associated 
with dog parks.  
Area for conversion: 4.1 acres 
(179,603 square feet), almost 
50% of the park.  

• The planting species selected 
should be in accordance with 
the Plant Selection Guide in 
the SFRP Design Guidelines 
(Appendix E in this report), 
and WUCOLS, A Guide to 
the Water Needs of Landscape 
Plants (see References for 
more information). 

HYDROZONING  
 
The plants are grouped by their water and light 
requirements, but the irrigation scheduling is not based on 
the plants’ water requirements, exposure, and soil water 
holding capacity.  
• Irrigation is scheduled to run every day for all plants 

irrespective of the water requirements. 

 
 
 
 
 
 

• Modify irrigation system as 
recommended, based on 
groups and watering 
requirements. 

LAWNS 
 
Slopes at various places in the park are greater than 20%. 
• Mowing the lawn on the steep slopes is extremely 

cumbersome and maneuvering the bulky mower over 
steep slopes results in damage to the irrigation heads and 
compaction of the soil.  

The east, north and west sides all have several areas with 
dry/dead grass.  
• These areas have had recent repairs or new sprinkler 

heads and are in the process of recovering. 

 
 
 

• See recommendations for turf 
replacement under existing 
planting types. 

 

 

SOILS and COMPACTION 
 
The lawn in the children’s play area and in the immediate 
surrounding area is in poor condition. 

• This appears to be due to a poor quality, highly 
compacted soil with not adequate soil depth above a 
rocky sub soil. 

 
 
 
 

• The soil should be amended 
prior to any new planting. A 
robust living soil with 
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sufficient organic content 
increases the permeability and 
water holding capacity, 
thereby reducing need for 
frequent irrigation. Refer to 
the discussion of Soil 
Maintenance section in the 
General Recommendations. 

The lawn areas are mowed when wet. 
•  As a result the soil is compacted significantly. 

 

 
• The lawn areas should not be 

mowed when wet or within 
couple of hours of irrigating 
the park. The irrigation should 
be turned off the night before 
the scheduled mowing twice a 
month. 
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Alta Plaza Park 
Quantity and Cost Estimate 

LANDSCAPE & IRRIGATION RENOVATION 

     ITEM UNIT QUANTITY UNIT COST COST 
NEW IRRIGATION SYSTEM-SOUTH HALF OF PARK         
Irrigation design LS 1 $20,000 $20,000 
New irrigation system installation SF 180,000 $1.75 $315,000 
Cut and patch asphalt paths EA 20 $1,500 $30,000 
Landscape restoration SF 18,000 $2.50 $45,000 
Design and Construction Contingency +/-10% LS 1 $32,000 $32,000 

SUBTOTAL COST       $442,000 
          

RENOVATION-NORTH HALF OF PARK         
Designing new head layout for renovation LS 1 $10,000 $10,000 
Moving head locations (trenching) HRS 100 $75 $7,500 
Installing pipe, riser assemblies and flushing system HRS 60 $140 $8,400 
Add control valves to existing mainline EA 2 $750 $1,500 
Connect new control valves to lateral lines EA 2 $50 $100 
Control wire (includes trenching) LF 500 $4.50 $2,250 
Furnish and install rotor heads LS 60 $80 $4,800 
Control wire - flow sensor to master valve to controller LF 800 $2.80 $2,240 
Furnish and install flow sensor & master valve EA 2 $2,000 $4,000 
Furnish and install rain sensor on maintenance shed LS 1 $600 $600 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Landscape restoration SF 6,500 $2.50 $16,250 
Design and Construction Contingency +/-10% LS 1 $1,490 $1,490 

SUBTOTAL COST       $64,130 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $1,600 $1,600 
Repair work LS 1 $5,000 $5,000 
Metal tracing to find galvanized pipe connections. LS 1 $1,200 $1,200 

SUBTOTAL COST       $7,800 
          

GRAND TOTAL       $513,930 
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Figure 5 
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PARK: BALBOA PARK 
 
LOCATION: San Jose/Ocean Avenues 
 
TOTAL AREA: 20.2 Acres 
 
Park Description: 
 
Established in 1910, Balboa Park is a heavily-used neighborhood resource serving the Mission 
Terrace neighborhood, also known as Cayuga or Ingleside. The park is bounded on the western 
edge by Interstate 280, and is divided from East to West by Sgt. John V. Young Lane. The area 
south of the lane contains four baseball diamonds. The area to the north contains a soccer 
stadium with bleachers, four tennis courts, a children’s playground, the Balboa public swimming 
pool, additional game courts, and the Ingleside police station.   
 
The children’s playground was built in the 1970s and completely renovated in 2008, with funds 
raised by the Friends of Balboa Park Playground. The Trust for Public Land (TPL) is currently 
working towards additional renovations for the park as a whole, including improved circulation, 
smaller gathering spaces, and improvements to the playing fields and tennis courts. 
The park is approximately 75% turf, mostly dedicated to active play. There are perimeter tree 
and shrub plantings around the edges of the park and around the soccer stadium. The park is in 
the direct path of the prevailing ocean winds and is subject to heavy fog.   

Existing Irrigation System: 
 
The current operating automatic irrigation system is approximately 30 years old. The system has 
many breakages and leaks, the booster pump is not working, and there are numerous valves shut 
off. As a result, some of the park is irrigated manually. 
 
There is a suspected mainline leak beneath the northeast baseball field, identified by the park 
supervisor and by the park caretaker.  
 
Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System Water Conservation Improvements: 
 

• The suspected mainline leak in the baseball fields should be investigated and repairs 
made to prevent continued water loss. If extensive deterioration, breakage and leaks are 
found in this mainline system and the buried valves are found to be irreparable, then the 
existing automatic irrigation system should be completely replaced with an entirely new 
automatic irrigation system.  
 

• The booster pump should be serviced and repaired or replaced.  
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Non-Pressurized Water Delivery System Water Conservation Improvements: 
 

• The buried valves should be located and marked, tested and serviced. Valves that are not 
functioning efficiently should be repaired or replaced. 

• Repair or replace broken or sunken heads and install nozzles with consistent flow rates to 
achieve consistent, appropriate levels of irrigation coverage. 

• Install weather-based smart irrigation controllers that are compatible with rain and flow 
sensors, and that would be compatible with a central control system if one is installed in 
the future. (See the Irrigation section of the General Recommendations for more 
information on Central Control Systems.) 

 
Potential Water Cost Savings for Balboa Park 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use at each park, as well as the estimated annual water savings.   

However, at Balboa Park the metered water use was determined to be an inexact measure of 
current water use for several reasons: 
 

• A large part of the automatic irrigation system was turned off and operated manually 
because of a mainline leak, several lateral line breaks, and broken valves at the northeast 
baseball field. As a result, the metered water use does not reflect the amount of water 
needed to adequately irrigate this field.   
 

• Irrigation run times had been reduced because of spray blockages in some parts of the 
park, so less water was being applied than was needed to maintain the park. 
 

For these reasons, the current estimated water requirement for the park, based on park area, plant 
type, and ET scheduling, was used to establish a norm for projecting potential annual water and 
cost savings.   
 
In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available. Figures in italics indicate the 4-year average annual water use between 2005 and 
2008. Water meter records are included in the Appendix.   
 
Additional information for metered use at Balboa Playground: 
 
• Metered water use for September 2008 to August 2009 represents a 14% increase over the 4-

year average metered water use. The cause of this increase has not been determined, though 
it may be a result of new leaks. 
 

• The Trust for Public Land is working with the SFDRP to develop renovation plans for a large 
portion of Balboa Park. Plans are not available at this time. To calculate estimated water use 
after improvements and current estimated water requirements, a new landscape with 
medium-water-use plants and an average irrigation efficiency factor was assumed. 
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More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 
 
Balboa Park 
 

Water Use Data 
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Metered 1-Yr 

Total. 
17.3 12,837,924 13,945,712 -1,107,788 -$4,431 -64,034 -$256.14 -8.6% 

Metered 4-Yr Avg. 17.3 11,284,328 13,945,712 -2,661,384 -$10,646 -153,837 -$615.35 -23.6% 

Norm-Estimated 

 
17.3 9,662,664 5,887,508 3,775,156 $11,325 448,889 $1,347 39% 
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SITE OBSERVATION & ASSESSMENT, July 14th 2009 RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER(S) 
 
The existing irrigation system is served by: 
 
PUC Meter #: H0090019037 
Meter Quantity & Size:  (4) 2” manifold together 
 
PUC Meter #:  T 0060387969 
Meter Quantity & Size: (2) 2” 
 
PUC Meter #:  T 0060422341 
Meter Quantity & Size: (1) 2” 
 
PUC Meter #: T0060315298 
Meter Quantity & Size:  (4) 2”  
 
PUC Meter #:  T 31310338 
Meter Quantity & Size: (6) 2” 

 

WATER PRESSURE AND REGULATING 
 
The recorded water pressure at the meter(s): 87 PSI 

 
The system booster pump is over 15 years old.  
• Poor pump performance and low pressure are suspected as a 

result of damaged or clogged piping. 
 

 
 
 
 

• The booster pump should be 
serviced and repaired to 
improve water pressure to the 
irrigation system. 

Several of the valves on the serving the ball field have low 
pressure. 
• Inconsistent pressure found at the field visit indicates either: 

o Clogged head. 
o Excessive pressure loss from an excessive flow rate. 

• Diagnose the pressure 
problem and service as 
necessary. 

LEAKS 
 
Park staff reported a suspected leak in the mainline beneath the 
northeast baseball field.   
There are several lateral line breaks; consequently, 18 valves have 
been turned off.  
• As a result some of the park is irrigated manually.   

 
 
 

 
 
 
• The suspected mainline and 

lateral line leaks should be 
investigated and repaired. 



2–37 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

SITE OBSERVATION & ASSESSMENT, July 14th 2009 RECOMMENDATIONS 

CONTROL VALVES 
 
Griswold Controller: 
All of the valves watering the baseball fields are buried and 
locations are unknown. 
• Repairing and servicing the valves is impossible when they 

are buried and their locations are unknown. 
 

 
 
 
 
 
• All buried valves should be 

located and valve markers 
installed.  Valve locations 
should be dimensioned from 
two permanent landmarks so 
that valves can be found 
quickly in the future.  
 

• To locate buried valves, a 
specialist in controller and 
valve repair, using a wire 
tracer, is recommended.  
Alternatively, a metal detector 
may also be successful. 

Weathermatic Controller: 
Valves 11 through 16 are not turned on.  Irrigation in this area is 
performed manually during daylight hours, which interferes with 
park use. 
 
 

 
• The valves should be repaired 

or replaced so that the 
automatic irrigation system is 
fully operational and 
irrigation can be scheduled to 
occur at night. 

Valve 17 will not turn on at the controller and cannot be turned on 
at the valve. 
• The bleeder screw at valve #17 is broken and needs to be 

repaired.  The reason the valve will not turn on at the 
controller is unknown. 

 
 

• Repair or replace valve #17. 
 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
The current automatic irrigation system is approximately 30 years 
old. There are five controllers in the park that operate this system.  
None are compatible with rain or flow sensors. 
 
 

 
• Install new weather-based 

smart irrigation controllers 
that are compatible with rain 
and flow sensors and with a 
central control system if one 
is installed in the future. 
 

• Install flow sensors and 
master valves, one for each 
irrigation system. 
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SITE OBSERVATION & ASSESSMENT, July 14th 2009 RECOMMENDATIONS 

 • Provide and install rain 
sensors, one for each 
controller. 

Make and Model: 1-24 Station Griswold SR-24 
Controller serves:  Baseball fields and perimeter areas. 
Location:   Pump House 
Age:  Unknown 
Capabilities:   Not compatible with flow and rain sensors 
 

 

Make and Model: 1-20 Station Weathermatic SL-1600 
Controller serves: It controls the valves around tennis courts 

and in front of the swimming pool. 
Location:  Pump House 
Age:  Unknown 
Capabilities:  Not compatible with flow and rain sensors. 

• The Weathermatic controller 
location is inconvenient for 
testing and running repairs on 
the irrigation system and 
should be moved to a 
convenient location close to 
the valves it controls. 

• Place the recommended new 
controller in a heavy-duty 
stainless steel enclosure. 
 

Make and Model: 1-2 Station Toro DDCWP-2 
Controller serves: Two valves watering the areas immediately 

southeast of the play equipment area. 
Location:  Near Children’s play area 
Age:  Unknown 
Capabilities:   Not compatible with flow and rain sensors 

• The Toro DDCWP-2 type of 
controller is normally used as 
a last resort, as it is located in 
the valve box. These 
controllers have limited 
capacity, lower reliability and 
are inconvenient to 
reprogram. 

• Locate the control wires to the 
Toro controller using a wire 
tracer.  (The end of one 
control wire is in the valve 
box.)  The valves on this 
controller can then be 
reconnected to the 
Weathermatic controller 
temporarily, until new smart 
controllers are installed. 
 

Make and Model: 1-12 Station Irritrol Raindial 
Controller serves: Controls the four valves between the soccer 

and baseball fields 
Location:  Pump house 
Age:  Unknown 
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SITE OBSERVATION & ASSESSMENT, July 14th 2009 RECOMMENDATIONS 

Capabilities:  Not compatible with flow and rain sensors. 
 

 

Make and Model: 1-12 Station Irritrol Raindial 
Controller serves:  Controls the valves for the soccer field. 
Age:  Unknown 
Capabilities:   Not compatible with flow and rain sensors 
 

 

IRRIGATION SCHEDULE 
 
18 to 20 Stations are scheduled to run every night between 10 PM 
and 6 AM.  Manual irrigation is performed 5 days a week for 60 
to 90 minutes at a quick-coupler connection. 
• Irrigating manually for extended periods of time during the 

day when evapotranspiration is high and the park is often 
windy results in excess water use and uneven distribution. 

 
• Watering so frequently irrespective of the plant water needs 

results in water wastage, soil compaction, and soggy areas.  
For example, poor drainage at the ball fields has resulted in 
soggy turf.  Many common plant disease and pest 
management issues are worsened by overwatering.   

 
 

• With an efficient automatic 
irrigation system, irrigation 
should be scheduled every 
other day or three days a week 
during dry months, and every 
third day during wetter spring 
months. 

• The irrigation schedule should 
be modified as necessary 
according to soil conditions.  
See General 
Recommendations for more 
information on soils.   

WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED  

 

DISTRIBUTION UNIFORMITY 
 
Griswold Controller - Baseball Fields and Perimeter Areas: 
Head Layout & Spacing 
The head spacing is irregular, without proper head-to-head 
coverage.  The spacing varies from approximately 42 feet to 55 
feet. In odd-shaped areas (such as the baseball fields), different 
spacing will require using nozzles that are proportional to the area 
of coverage to maintain a similar precipitation rate. 
• Many areas in the park have uneven precipitation rates as well 

as inadequate coverage.  As a result, the outfields appear over-
watered, yet dry areas are interspersed. 

 
 

 
• All sprinkler or rotor heads in 

the field should be flagged, 
and the distances between 
adjacent heads should be 
measured and recorded.  Head 
locations should then be 
moved to equalize spacing as 
much as possible.  
Appropriate nozzles should be 
installed to adequately 
provide water coverage with 
similar application rates.   

• Additional valves may be 
required for additional heads 
for proper coverage. 
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SITE OBSERVATION & ASSESSMENT, July 14th 2009 RECOMMENDATIONS 

At valve #7, rotor heads at their present location do not provide 
adequate coverage. 
• Heads are spaced too far apart.   

 
 

• Replace or change heads as 
noted above to achieve head-
to-head coverage. 

Head Operating Pressure 
The operating pressure at the north end of the section on valve #2 
is somewhat low at the end of the section.  Valve # 2 has 15 
heads.  
Valve # 3 has low pressure at the end of the section and has 12 
heads.  
• Low pressure impacts droplet size, velocity and distance of 

throw.   Spray from heads does not reach intended area. 
• It appeared that the booster pump is not running or that 

pressure problems are due to a clogged pipe or head or 
excessive pressure loss. 
 

 
 
 
 
 
 

• Diagnose the problem with 
inadequate pressure and repair 
as required. 
 

Sunken Blocked Heads 
There are several old Thompson rotor heads that pop up 1 inch 
and are heavy.  
• As a result they tend to sink into the ground over time, and 

many of these sunken heads are overgrown by grasses that 
further inhibit their performance. 

 
 
 
• Replace old Thompson rotor 

heads with more efficient 
rotor heads that have 3- to 5-
inch pop-up heights.  

Mismatched Heads and Nozzles  
The heads are mismatched and have different precipitation rates 
within each valve and circuit. 
• The old heads have a higher flow than most of the new rotor 

heads and apply the water faster.   

 
• Replace all old heads with 

new heads with appropriate 
throw and flow rates to 
achieve the right level of 
coverage for the target area. 

• Mismatched precipitation rates greatly impact the uniform 
distribution of water and result in ineffective coverage, with 
some areas of the turf dry and patchy. 
 

 

Overspray 
Valve #8, 9 and 10 have spray heads on slope facing San Jose 
Ave. 
• The spray heads on the slope overspray on the sidewalk along 

San Jose Ave. and waste water.  

 
 
 

• Remove spray heads and 
replace top and bottom row 
pop-up heads with stream 
rotor nozzles. Abandon the 
middle row of heads (on valve 
# 10.) 
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SITE OBSERVATION & ASSESSMENT, July 14th 2009 RECOMMENDATIONS 

 • Consider replacing turf on 
slope with low-water-use 
plantings.  

• See Plantings and Soils 
section below. 

Toro Controller –South and East of the children’s play area 
Head Layout & Spacing 
 
Valve #2 has two rows of rotor heads but no spray heads for the 
east portion of the lawn. 
• Coverage is inadequate and dry areas are interspersed. 

 
 
 
 

 
• Add a third row of heads for 

improved coverage on  
valve #2. 

Valve #1 has MP rotator heads (rotating stream spray nozzles) 
along the south side of new play area. 
• As a result there is inadequate coverage. 

 
• Replace rotating stream spray 

nozzles with regular spray 
heads, which are more 
suitable for the narrow strip of 
lawn controlled by valve #1. 

Irritrol Controller - Between Soccer and Baseball Fields: 
Coverage and Schedule 
All four valves for this area had good coverage, yet turf was dry.  
(A portion of the area had been sprayed for weeds with Roundup.) 
• Area is not being watered sufficiently. 

 

 
 

 
• Increase the time duration for 

watering at these 4 valves. 

Weathermatic Controller –East of pool and around tennis courts 
Head Layout & Spacing 
Valves #1, 2, 3 and 5 have heads that are not spaced equally. 
• Coverage is inadequate and there are several dry areas. 

 
 
 

• Heads should be relocated as 
needed to equalize distance 
between heads on valves #1, 
2, 3 and 5. 

Sunken and Broken Heads 
Valves #7 through 10 have old brass spray heads.  All have 
broken heads and low heads. 

 
• Repair, replace and raise 

heads as necessary for proper 
coverage on valves #7 to10.  
New plastic 4” pop-up heads 
that retract at the end of the 
watering cycle are best (Toro 
brand is recommended.)  See 
the Irrigation section of the 
General Recommendations 
for more information. 
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SITE OBSERVATION & ASSESSMENT, July 14th 2009 RECOMMENDATIONS 

Valves #18 and 19 water the turf area north of the soccer field. 
The northeast and northwest corners have inadequate coverage, 
because there are not enough heads. 

• Install additional heads to 
achieve adequate coverage. 
 

Valve #1 has clogged or broken heads and some of the heads are 
too low. 

• Repair the sunken and broken 
heads on valve #1. 
 

Valve #6 has broken heads and does not cover the area. • Replace broken head on valve 
#6 and add fourth head at the 
end of the line. 

Head Operating Pressure 
The operating pressure at valve #2 is low at the end of the line.  
• Low pressure impacts the droplet size, velocity and distance 

of throw and the heads do not function effectively. 
• It appeared that the booster pump was not running or the 

pressure problems are probably due to a clogged pipe or head, 
or excessive pressure loss. 
 

 
 

• Diagnose the inadequate 
pressure and repair as 
required. 
 
 

Irritrol Controller – Soccer Field: 
Head Layout & Spacing 
The soccer field is watered with 10 valves.  Each valve has two 
heads. 
The heads (mostly Hunter I-90’s or equivalent Toro heads) are 
approximately 75 to 85 feet apart.  The heads irrigate the adjacent 
sloped areas as well as the soccer field.  

 
 
 
 
• Some improvement may 

result from relocating heads.  
However, dry areas are minor, 
so no change is 
recommended.  Eventual 
conversion of the soccer field 
to artificial turf is 
recommended.  Conversion 
costs would be supported by 
long-term water savings. 

Coverage and Schedule 
The sloped areas get a lower application rate. 
• There is less cross fire from adjoining heads.  However, some 

runoff to the base of the slope causes saturation at these 
locations.  

• It is tricky to adequately water sloped areas without over-
watering the adjacent field edge. 

• There is some dryness in the center of the field, possibly due 
to inadequate irrigation coverage, or wear and soil compaction 
issues. 

 
 
 

 
 
 
 
 
 
 
• Investigate reason for dryness. 

Aerate the field regularly to 
address compaction issues. 
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SITE OBSERVATION & ASSESSMENT, July 14th 2009 RECOMMENDATIONS 

PLANTINGS AND SOILS  

EXISTING PLANT TYPES AND WATER NEEDS 
 
Planting types have been identified in conjunction with park 
program needs to recommend areas for conversion to plantings 
with lower water needs. 
The most prevalent plant species in biomass or species population 
existing on site are: 
• Active-use Turf:  12.9 acres, or 65% of the total area. 
• Passive-use Turf (berm, which is included in the area being 

redesigned by the Trust for Public Land): 0.7 acres, or 3.5% 
of total area. 

• Shrubs with medium water use: 0.3 acres, or 1.5% of total 
area. 

• Area being redesigned by the Trust for Public Land: 4.1 acres. 

 
 
 
 
 
 

• The park is an active play 
area. 

• Conversion of the sloped 
berm area along San Jose 
Ave. to low-water-use 
plantings is recommended 
since this area is difficult to 
water without wastage. 

• Eventual conversion of the 
soccer field to artificial turf is 
recommended.  Conversion 
costs would be supported by 
long-term water savings. 
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     Balboa Park 
Quantity and Cost Estimate 

LANDSCAPE & IRRIGATION RENOVATION 

     ITEM UNIT QUANTITY UNIT COST COST 
RENOVATION OF SPORTS FIELD         
Irrigation design including field review LS 1 $10,000 $10,000 
Moving head locations (trenching) HRS 240 $75 $18,000 
Installing pipe, riser assemblies and flushing system HRS 120 $140 $16,800 
Add control valves to existing mainline EA 2 $750 $1,500 
Connect new control valves to lateral lines EA 2 $50 $100 
Control wire (includes trenching) LF 600 $4.50 $2,700 
Furnish and install rotor heads EA 65 $80 $5,200 
Furnish and install rain sensor on pump house LS 1 $600 $600 
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 200 $2.80 $560 
Furnish and install upgraded controller LS 3 $5,000 $15,000 
Design and Construction Contingency +/-10% LS 1 $7,170 $7,170 

SUBTOTAL COST       $79,630 
          
**NEW IRRIGATION SYSTEM-FOR BALL FIELDS  
(Contingent on extensive deterioration of existing mainline and 
irreparable valves) 

        

Irrigation design LS 1 $10,000 $10,000 
New irrigation system installation SF 427,801 $1.25 $534,751 
Landscape Restoration  SF 42,780 $2.50 $106,950 
Regrading North East Ball Field SF 106,950 $1.50 $160,425 
Design and Construction Contingency +/-10% LS 1 $81,213 $81,213 

SUBTOTAL COST       $893,339 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $2,000 $2,000 
Repair work LS 1 $6,000 $6,000 
Wire tracing to locate buried valves LS 1 $1,200 $1,200 
Metal tracing to find galvanized pipe connections. LS 1 $1,200 $1,200 

SUBTOTAL COST       $10,400 
          

GRAND TOTAL (RENOVATION)       $90,030 
GRAND TOTAL incl. CONTINGENT ITEMS       $903,739 

     
     Note:  

    The booster pump should be serviced prior to construction to insure that it is working properly. 
The irrigation recommendations for the berm are not included in the cost estimate as the area is 
being redesigned by the Trust for Public Land. 
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PARK: FRANKLIN SQUARE PLAYGROUND 
 
LOCATION: Corner of Bryant / Seventeenth Street 
 
TOTAL AREA: 5.5 Acres 
 
Park Description: 
 
Franklin Square Park, established in 1868, occupies two full city blocks in San Francisco’s 
Mission District.  More than half of the park area is devoted to a soccer field, renovated in 2004 
with synthetic turf and a new drainage system.  The park also includes a children’s playground, 
recently renovated and reopened in 2009.  The playground features a sand play area, climbing 
wall, swings and other equipment, and rubberized play surfaces.  It is divided into two areas, one 
for children ages 2-5 and one for children ages 6-12.  Turf areas form the edge of the park on 
three sides, with tree and shrub plantings along the perimeter.  A commercial parking lot is along 
the eastern edge of the park. 
 
Existing Irrigation System: 
 
The irrigation system at the children’s play area was installed in early 2009, with a new 36-
station controller.  This new segment of the irrigation system is connected to the 25-year-old 
system that waters the turf and planting areas surrounding the soccer field.   The irrigated area at 
Franklin Square Park, 2.61 acres, is among the smallest of the 12 parks studied.   However, water 
use per acre at this park is among the highest of the 12 parks.  The water meter at the park 
indicates flow even when the irrigation system is turned off.  These discrepancies indicate a leak 
in the irrigation mainline. 
 
The existing irrigation system has no flow sensor or rain sensor.  The system includes broken 
and sunken heads and multiple types of nozzles with varying flow rates, resulting in duplicate or 
inadequate irrigation coverage.   
 
Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System Water Conservation Improvements: 
 

• The mainline leak should be located and fixed as soon as practical, to prevent further 
severe water loss. 

 
Non-Pressurized Water Delivery System/Components Water Conservation Improvements: 
 

• Install a rain sensor on soccer field fence adjacent to the controller (out of reach of park 
visitors) to prevent irrigation during unexpected rains. 
 

• Install a flow sensor and master valve, to automatically shut off irrigation system when a 
leak is detected. 
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• Repair or replace broken or sunken heads and install nozzles with consistent flow rates, 

to achieve consistent, appropriate levels of irrigation coverage. 
 

Potential Water Cost Savings for Franklin Playground 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use at each park, as well as the estimated annual water savings.   
 
However, due to leaks and other system inefficiencies, the metered water use is not always an 
accurate reflection of the water needed to irrigate the park.  For this reason, the site assessment 
team also calculated the current estimated water requirement for the park, based on park area, 
plant type, and ET scheduling, to establish a norm for projecting potential annual water and cost 
savings.   
 
In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available.  Figures in italics indicate the 4-year average annual water use between 2005 and 
2008.  Water meter records are included in the Appendix.   
 
Additional information for water use at Franklin Playground: 
 
• A new meter was installed in spring 2009 for plantings around the new children’s play area.  

The meter’s recorded use as of this spring was extrapolated by comparing the use of the other 
meter at the site.  Water use was then reduced to account for plant establishment.  The water 
use does not account for water wastage from broken heads; nonetheless, the water savings is 
considerable.  
 

• The mainline leak contributes to some portion of the large difference between the metered 
water use and the estimated use after improvements.  

 
• The current irrigation schedule also contributes significant water wastage.  Irrigation is 

performed daily from 7 AM to 9 AM, when evapotranspiration rates are high.   
 

More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 
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Franklin Square Park 
 

Water Use Data 
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Metered 1-Yr 

Total 
2.61 2,345,728 1,181,840 1,163,888 $3,492 445,934 $1,338 49.6% 

Metered 4-Yr 
Avg. 

2.61 2,427,260 1,181,840 1,245,420 $3,736 477,172 $1,431.5 51.3% 

Norm-Estimated 

 
2.61 2,595,560 1,181,840 1,413,720 $4,241 541,655 $1,625 54.5% 
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SITE OBSERVATION & ASSESSMENT, July 15th 2009 RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER(S) 
 
The existing irrigation system is served by 2 meters: 
 
PUC Meter #: T0070002039 
Meter Quantity & Size:  (1) 4”  
 
PUC Meter #: T0031907373 
Meter Quantity & Size: (1) 2” 
 

 

PRESSURIZED PIPING (MAINLINE) 
 
The current irrigation system mainline is a combination of a new 
system installed in Spring 2009 and an older system installed 
approximately 25 years ago.  The water meters at the park 
indicate flow even when the irrigation system is turned off.  
• The flow at the water meters while the irrigation system is not 

operational indicates a constant mainline leak. 
• From the available information at the site survey, the location 

of the leak could not be determined.  
 

 
 

• The mainline leak should be 
located and fixed as soon as 
possible.  

 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
The newly installed controller has a remote actuator. The remote 
actuator makes repairing and checking system operation much 
easier. There are 22 valves connected to the controller.   
Make and Model: 36 Station Rainmaster Sentar II 
Controller serves: Turf  areas and children’s play area  
Location:    
Age:  Approx. 6 Months 
Capabilities:   Compatible with rain and flow sensors. 
 

 
 
 
 
 

• Provide and install a rain 
sensor and a flow sensor with 
a master valve.  
 

IRRIGATION SCHEDULE 
 
The irrigation is scheduled to run between 7 AM to 9 AM daily to 
prevent tampering with the heads and valves during the night. 
• Ideally, irrigation should be done at night when 

evapotranspiration rates are lowest.  However, since the 
schedule was changed, tampering has gone down 100%. 

 
 
• Consider adjusting the 

irrigation schedule slightly 
earlier, 5 AM to 7 AM, when 
evapotranspiration rates are 
somewhat lower.  
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SITE OBSERVATION & ASSESSMENT, July 15th 2009 RECOMMENDATIONS 

The turf is watered daily and the new plantings are watered 3 
times a week.  
• Watering too frequently, irrespective of the plant water needs, 

wastes water and contributes to soil compaction.   
• Many common plant disease and pest management issues are 

worsened by overwatering. 
• Irrigation for new plantings can be reduced as plants get 

established. 

 
 

• Turf should be watered every 
third day during wet spring 
months and every other day 
during dry months. Modify 
schedule if soil conditions 
require.  

• Reduce irrigation for low-
water-use plants after they are 
established. 

Existing established low-water-use plants on the steep west, north 
and southeast slopes are watered with the turf overspray and also 
receive irrigation from valves #8 and #9, and #16 through 22. 
• These areas are receiving too much water. 

• Irrigation for established low-
water-use plants should be 
reduced.  Schedule should 
take into account slope and 
sun exposure: 
o NW Steep Slope, Full 

Exposure: 13,737 
square feet (SF) 

o SW Steep Slope, Full 
Exposure: 4,110 SF 

o West Facing Steep 
Slope, 80% Shaded: 
14,296 SF 

o West Facing Gentle 
Slope, 60% Shaded: 
14,000 SF 

o North Facing, Full 
Exposure: 5,121 SF 

o South Facing, Full 
Exposure: 7,452 SF 

 
 
 

 
 

 
 
 
 
 
 



2–54 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

 

SITE OBSERVATION & ASSESSMENT, July 15th 2009 RECOMMENDATIONS 

WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED 

 

DISTRIBUTION UNIFORMITY 
 
Head Layout & Spacing 
Valves #13 and 16 through 22 in the new landscape area have 
good coverage. 
 
Valve #4 has heads approximately 70 feet apart, with no head-to-
head coverage.  The middle head is a full circle head shooting 
down the slope onto 16th Street. 
• As a result of inadequate coverage, many dry areas are 

interspersed. 

 
 
 
 
 
 
 
 

 
• Heads on valve #4 should be 

spaced closer to achieve head-
to-head coverage. The middle 
full circle head should be 
changed to a part circle head. 

For the turf area along Bryant Street  (the park’s western edge), 
heads on valve #11cover the same area as heads on valve #6. 
• Duplicate coverage is causing over-watering. 

 

 
 

• Remove the heads on valve 
#11 that are causing duplicate 
coverage.  

There are two rotor heads on valve #7, watering two different 
areas. 
• These heads do not supply adequate coverage. 
 

 
 

• Add a rotor head to each are 
on valve #7 to achieve 
adequate coverage. 

There is a spray head next to a rotor head on valve #5. 
• The spray head is an extra head in the circuit. 

 
• Remove the spray head next 

to the rotor head on valve # 5. 
Sunken Blocked Heads 
The existing Thompson rotor heads that have a short pop-up 
height of approximately 1 inch and are heavy.  
• As a result they tend to sink into the ground over time, and 

many of these sunken heads are overgrown by grasses that 
further inhibit their performance.  

 
 

 
 
 

• Replace old Thompson rotor 
heads with more efficient 
rotor heads that have 3- to 5-
inch pop-up heights.  

• Valves #14 and 15 water the 4-foot wide turf strip at the 
eastern end of soccer field. Both valves have multiple breaks 
and low heads with blocked sprays.   
 

 
 
 

• Remove heads and abandon 
the irrigation system here.  
Replace turf with gravel. 
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SITE OBSERVATION & ASSESSMENT, July 15th 2009 RECOMMENDATIONS 

Mismatched Nozzles and Heads 
For valve #2, the full circle rotor head has a similar flow to the 
part circle heads.  
• Mismatched precipitation rates greatly impact the uniform 

distribution of water and result in ineffective coverage. As a 
result of dissimilar flow rates, there is turf stress. 
 

 
 
 

• On valve #2, replace the 
nozzle on the full circle head 
with a larger one to be 
compatible with the part circle 
heads. 

Valve #8 waters the slope along 17th street.  Valves #9 and 10 
water the slope along 16th street.  Portions of each zone are not 
working.  Standard spray heads and stream spray heads are also 
mixed together.  
• Heads with mismatched application rates impact the uniform 

distribution of water, resulting in ineffective coverage.  

 
 
 

• Replace all heads on valves 
#8, 9 and 10 with MP Rotor 
heads to improve coverage, 
and to decrease the 
precipitation rate and reduce 
runoff. 

Valve #12 includes full heads and part circle heads.  
• Mismatched heads impact the uniform distribution of water 

and result in ineffective coverage.  

 
• Remove full spray heads and 

install part circle heads on 
valve #12 on both sides of the 
turf for improved coverage. 

Broken Heads 
Valve #12 has a broken head near the 17th Street entrance.  
• The broken head is gushing large amounts of water every time 

the valve is in operation. 

 
 

• Repair or replace the broken 
head on valve #12.   
Replacement head should be 
compatible with the other 
heads on the valve.   

A bubbler on valve #22 is broken. 
• The bubbler is gushing large amounts of water every time the 

valve is in operation. 

 
• For valve # 22, the broken 

bubbler should be capped 
immediately. 

Arc and Radius Adjustment 
Valve #3 serves the heads along the soccer field’s north side.  
There are minor coverage and overspray issues. 
 
 
 
 
 
 
 
 

 
• For valve #3, some heads 

need arc and radius 
adjustments to improve 
coverage and reduce over-
spray onto adjacent areas. 
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SITE OBSERVATION & ASSESSMENT, July 15th 2009 RECOMMENDATIONS 

PLANTINGS AND SOILS 
 

 

EXISTING PLANT TYPES AND WATER NEEDS 
 
Planting types have been identified in conjunction with park 
program needs to recommend areas for conversion to plantings 
with lower water needs. 
The most prevalent plant species in biomass or species population 
existing on site are: 
• Passive Use Lawn: 0.5 acres, or 9% of the total area 
• Shrubs with medium water use: 0.06 acres, or 1% of the total 

area 
• Established low-water-use planting: 0.5 acres 
• Established low-water-use planting on steep west, southeast, 

and north slopes: 1.5 acres 
• The new low-water-use plantings are a good example of 

water-wise landscaping. 

 
 
 
 
 
 
 

• Since turf area is minimal and 
the new plantings are low-
water-use, no plant 
substitution is recommended. 

• Re-programming the 
irrigation schedule is 
recommended for the 
established low-water-use 
plantings. 
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     Franklin Square Park 
Quantity and Cost Estimate 

LANDSCAPE & IRRIGATION RENOVATION 

     ITEM UNIT QUANTITY UNIT COST COST 
RENOVATION         
Remove center head and reinstall 2 heads on Valve #4 LS 1 $700 $700 
Remove spray head on Valve #5 LS 1 $100 $100 
Add 2 rotor heads including lateral line to valve#7 LS 1 $500 $500 
Replace existing heads on valves #8, #9 and #10 with Hunter 
MP Rotator heads LS 1 $1,200 $1,200 

Remove spray heads duplicating coverage on valve #11 LS 1 $400 $400 
Replace full circle spray heads with part circle heads on turf LS 1 $1,100 $1,100 
Abandon spray heads on valves #14 and #15 LS 1 $500 $500 
Furnish and install rain sensor on maintenance LS 1 $600 $600 
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 150 $2.80 $420 
Design and Construction Contingency +/-10% LS 1 $862 $862 

SUBTOTAL COST       $8,382 
          
Landscape Restoration SF 750 $2.50 $1,875 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $1,200 $1,200 
Repair work LS 1 $4,000 $4,000 

SUBTOTAL COST       $5,200 
          
GRAND TOTAL       $15,457 
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Figure 10 
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PARK: HAMILTON RECREATION CENTER 
 
LOCATION: Geary/Steiner Street 
 
TOTAL AREA: 1.5 Acres 
  
Park Description: 
 
Hamilton Recreation Center is a park in the Pacific Heights neighborhood.  This study focuses 
on the western half of the park, containing a turf playing field and the Western Edition branch of 
the San Francisco Public Library, with landscaping.  The eastern half of the park, currently under 
renovation, contains structures including a swimming pool, tennis courts, and other facilities.  
This section of the park was not included in the field study.     
 
Existing Irrigation System: 
 
The existing irrigation system for the turf playing field is an antiquated quick-coupler system of 
galvanized pipe, throughout the park.  The irrigation system must be manually operated during 
daytime hours.  The turf is irrigated for several hours at a time.  The soil is severely compacted 
because the site was previously used as a construction staging area, and was not aerated 
afterwards.  For this reason, irrigation water is not percolating into the soil.  As a result, the turf 
is soggy during much of the daytime, and can’t be used for play.   There is no backflow 
prevention device at the playing field.  This is a code violation and a potential health hazard. 
 
The recently constructed library has a new, automatic irrigation system.  This system currently 
uses a Hunter ICC controller which is incompatible with flow sensors and rain sensors, so no 
sensors are present.   
 
The irrigation systems for the library landscaping and the turf field are metered separately. 
 
Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System Water Conservation Improvements: 
 

• Due to the degraded condition and the labor-intensive operating requirements of the 
quick-coupler system, it should be the highest priority to replace this system with an 
automated system immediately.  Doing so will eliminate the water loss caused by leaks, 
reduce time and expense required for manual operation, and permit irrigation at night so 
that the playing field is dry and usable during daylight hours.  A backflow prevention 
device should be installed as part of the upgrade. 
 

Non-Pressurized Water Delivery System/Components Water Conservation Improvements: 
 

• Replace the Hunter ICC controller at the library irrigation system with a weather-
based smart controller that is compatible with flow and rain sensors. 
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• Install a rain sensor on the library irrigation system to prevent irrigation during 
unexpected rains. 
 

• Install a flow sensor and master valve on the library irrigation system to automatically 
shut off irrigation system when a leak is detected. 
 

Potential Water Cost Savings for Hamilton Recreation Center 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use at each park, as well as the estimated annual water savings.   

However, at Hamilton Recreation Center, metered water use is around 30% lower than what 
would be expected based on park area and current irrigation practices.  For example, metered 
water use does not appear to reflect the water-intensive practice of  manual irrigation at the ball 
fields for 2 to 3 hours every day.   

For this reason, the site assessment team also calculated the current estimated water requirement 
for the park, based on park area, plant type, and ET scheduling, to establish a norm for projecting 
potential annual water and cost savings.   

In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available.  Figures in italics indicate the 4-year average annual water use between 2005 and 
2008.  Water meter records are included in the Appendix. 
 
Additional information for individual meters at Hamilton Recreation Center: 
 
• Construction is now in progress at Hamilton Recreation Center.  One meter set has very low 

use.  It most likely reflects water used by contractors at the site, and was not included in 
irrigation water calculation.  

• The other irrigation meters are now watering a smaller area due to this construction.  Water 
use figures were adjusted to reflect this reduced area. 

• The library meter is a mixed-use meter and was adjusted for irrigation use for the entire year 
by comparing the use of the other meters on site.  
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 To get more information about the data presented, see Table 2: Potential Water Cost Savings, in 
Project Description and Objectives. 

Hamilton Recreation Center: 

Water Use Data 
Source/ Time 
Period 
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Metered 1-Yr 

Total. 
1.5 875,908 1,457,104 -581,196 -$1,744 -387,464 -$1,162 -66.35% 

Metered 4-Yr 
Avg. 

1.5 967,164 1,288,804 -321,640 -$965 -214,427 -$643.28 -33.26% 

Norm-Estimated 

 
1.5 2,030,072 1,457,104 572,968 $1,719 381,979 $1,146 28.22% 
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SITE OBSERVATION & ASSESSMENT, Aug 6th 2009 

 
RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED 

 

METER(S) The existing irrigation system is served by: 

PUC Meter #: T0031878563 
Meter Quantity & Size:  (4 manifold) x 2” 
PUC Meter #: T00524122401 
Meter Quantity & Size:   1 x 1 1/2” – Mixed Use 
 

 

BACK FLOW PREVENTION 
 
The sports field system does not have a back flow prevention 
device. 
• This is a public health and safety issue.   Without a 

backflow prevention device,  contaminants can potentially 
flow from the irrigation system back into the potable 
water system.  Contaminants, even in minuscule 
quantities, put the population at risk of consuming 
fertilizers, pesticides and animal residues. 
 

 
 
 
 
• Install a backflow prevention 

device and shutoff valves 
downstream of the 4 meters that 
serve the sports field system. 
 

WATER PRESSURE AND REGULATING 
 
The pressure for the automatic irrigation system at the library 
was 57 PSI.  After pressure losses from the mainline, control 
valve, and lateral lines, the residual pressure should be in the 
range of 30-35 PSI at the heads.   This should be sufficient for 
spray areas and small rotors. However, the pressure appeared 
marginal for all valves, especially for the rotor heads on valve 
#5.  In addition, valve #5 was not run long enough to apply 
sufficient water.   
• The area being irrigated by valve #5 is very dry.  
• For all the areas at the library, the water coverage would 

be improved with higher water pressure. 
The pressure for the quick-coupler system at the sports field 
area was sufficient. 
 

 
 
• The marginal water pressure at 

the library area should first be 
investigated and resolved before 
a rotor head system is considered 
for the sports field area. 

 

PRESSURIZED PIPING (MAINLINE  & QUICK-COUPLER) 
 
The main field is watered manually with quick-coupler 
valves. There were four water meters supplying the quick-
coupler system, with no backflow prevention device or 
shutoff valve. These meters were in a large vault located in 

 
 

• Replace entire irrigation system 
in the sports field area and the 
turf area between the fence and 
the public sidewalk along Post 
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SITE OBSERVATION & ASSESSMENT, Aug 6th 2009 
 

RECOMMENDATIONS 

the public sidewalk along Geary Boulevard.  Whenever the 
system had to be shut down, the corporation stop at the meters 
had to be turned off.    
• Having to open the meter pit whenever the irrigation 

system needs to be shut down is a potential safety issue. 
When watering with the quick-coupler valves, risers and 
heads attached to the coupler were inserted directly into the 
valve.  Hoses were then used to water the dry areas. 
• Manual irrigation must be done during the day, when 

evapotranspiration is high.  Water wastage is high, and  
the field is unavailable for play when it is wet. 

The turf area between the fence and public sidewalk along 
Post Street was watered through the fence with over-spray 
from the the quick-coupler system on the sports field.  
• Most of the turf is dry due to inadequate coverage. 
The irrigation system around the library is a newer automatic 
system with a Hunter ICC controller and 16 stations.  There 
are 12 valves on the system.  This system has a separate meter 
and backflow prevention device.   
 

Street. 
 
 
 

 
 

CONTROL VALVES 
 
There are 12 valves that are currently being used on the 
library system.  
Functionality 
Valve #12 in the circular planter did not turn on.   Most likely 
the control wires were cut off to the valve when the olive tree 
in the planter was removed. 
• The shrub and groundcover plantings in the circular 

planter are completely dry.   
 

 
 
 
 
 
 
 

 
• The control wires for valve #12 

should be investigated and 
repaired. 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER 
Condition 
The Hunter ICC controller would not operate in automatic 
mode or manual mode.   
• Each station had to be turned on individually.   

 
 
 
 
 
 

 
 
 
 
• The existing controller should 

be repaired to operate effectively 
until a new controller is installed. 

• A new weather-based controller, 
compatible with rain and flow 
sensors, should be installed.   
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SITE OBSERVATION & ASSESSMENT, Aug 6th 2009 
 

RECOMMENDATIONS 

 • A rain sensor and a flow sensor 
with a master valve should be 
installed with the new controller.  

 
IRRIGATION SCHEDULE 
 
The manual irrigation is operated every other day during the 
day for 2 to 3 hours in the dry season, irrespective of the water 
requirements or the soil conditions. 
• The quick couplers were in use when field inspectors 

arrived and the ground appeared quite wet with standing 
water at various low spots. The standing water is probably 
due to a severly compacted  soil and no water infiltrating 
through. 
 

 

• Modify irrigation schedule if soil 
conditions  require. 

WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED 

 

DISTRIBUTION UNIFORMITY 
 
Head Layout & Spacing 
In the interior courtyard of the library, the outside area had a 
single row of sprinklers, on valve #11. 
• The coverage was not as effective as the other portions of 

that section on valve #11. 
 

 

 

Head Operating Pressure 
The operating pressure at the library system is low. 
• Low pressure impacts the droplet size, velocity and 

distance of throw and the heads do not function 
effectively. 
 

 
 

• Investigate the low pressure. 
 

Sunken Blocked Heads 
In the shrub areas, there is some spray blockage.   
• These areas should be monitored.   

 

 
 

• Trim plants back when 
necessary.   

Broken Heads 
There is a broken nozzle in the lawn area between the library 
and the parking lot.  
• The turf condition is poor, due to the broken nozzle and 

also to heavy foot traffic. 
 
 
 

 

 
• Consider designing a non-

irrigated path between library 
and parking lot. 
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SITE OBSERVATION & ASSESSMENT, Aug 6th 2009 
 

RECOMMENDATIONS 

PLANTINGS AND SOILS 
 

 

EXISTING PLANTING TYPES AND WATER NEEDS 
Planting types have been identified in conjunction with park 
program needs to recommend areas for conversion to 
plantings with lower water needs. 
The most prevalent plant species in biomass or species 
population existing on site are: 
• Active Use Lawn: 1.3 acres, or 52% of the total area. 
• Passive Use Lawn: 0.13 acres, or 5.2% of the total area. 
• New low-water-use planting: 0.06 acres, or 2.4% of the 

total area. 
The turf area between the library and the parking lot is dry.  
• It appears that the poor condition of the turf is due to 

heavy foot traffic causing compacted soil (rather than an 
irrigation problem). 
 

  

 
 
 
 
 
 
 
 
 
 
 
• A path should be laid out in the 

area, as any planting would not 
get established here due to heavy 
foot traffic. 
 

HYDROZONING  
The plants are grouped by their water and light requirements, 
but the irrigation scheduling is not based on these.  Both the 
automatic and the manual irrigation systems are operated 
every day, resulting in overwatering and overgrowth. 

 
• The irrigation schedule should be 

based on hydrozone 
requirements, with different 
schedules for turf and low-water-
use plants. 
 

SOILS 
COMPACTION 
The sports field was used as a staging area while the library 
was under construction and now the sports field lawn areas 
are mowed when wet. 
• As a result the soil is compacted significantly, and the 

irrigation water does not percolate resulting in a water 
logged unplayable sports field.  

 
 
 
 
 

• The field should be aerated as 
soon as possible. 

• Turf  should not be mowed when 
it is wet.  The irrigation should 
be turned off the night before the 
scheduled mowing twice a 
month. 
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     Hamilton Recreation Center 
Quantity and Cost Estimate 

LANDSCAPE & IRRIGATION RENOVATION 

     
ITEM UNIT QUANTITY UNIT 

COST COST 

BALL FIELD         
Irrigation design LS 1 $6,000 $6,000 
Furnish and install backflow prevention device LS 1 $4,000 $4,000 
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 50 $2.80 $140 
Furnish and instll rain sensor on roof LS 1 $600 $600 
Mainline LF 600 $8 $4,800 
Add control valves to new mainline EA 13 $450 $5,850 
Lateral Line LF 3,000 $3 $7,500 
Connect new valves to lateral lines EA 13 $50 $650 
Control wire (includes trenching) LS 1 $2,200 $2,200 
Install lateral line LF 3,000 $2.50 $7,500 
Furnish and install rotor heads EA 50 $80 $4,000 
Furnish and install spray heads EA 45 $45 $2,025 
Furnish and install quick-coupler valves EA 6 $150 $900 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1 $5,056 $5,056 

SUBTOTAL COST       $58,221 
          

LIBRARY         
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 50 $2.80 $140 

SUBTOTAL COST       $2,140 
          
Landscape Restoration SF 18,500 $2.50 $46,250 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $1,200 $1,200 

SUBTOTAL COST       $1,200 
          
GRAND TOTAL       $107,811 
     Notes:     
1. Existing controller location at the library is assumed to be the location for the new system with a new controller for both 
areas.   
2. The turf area between the fence and sidewalk along is included in the estimate to be irrigated with spray heads. 
3. A flow sensor and master valve is included for each water source for this project. 
4. The backflow prevention device is included for the meters supplying water for the sports field. 
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Figure 12 
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PARK: JACKSON PLAYGROUND 
 
LOCATION: Corner of Jackson / Arkansas Street 
 
TOTAL AREA: 4.2 Acres 
 
Playground Description: 

Jackson Playground is located in the Potrero Hill district of San Francisco.  First designated as 
park space in 1855, the site was converted into a playground in 1959.  
 
The park is over 80% turf, which includes two adjoining active-use baseball fields. Other 
facilities include a tennis court, basketball court, indoor recreation center, and children’s 
playground. 
 
Existing Irrigation System: 
 
The existing automatic irrigation system is approximately 40 years old.   The current irrigation 
usage does not account for the high metered water use recorded at the park.   A meter check with 
the irrigation system turned off indicated continued flow of water, symptomatic of a leak in the 
irrigation mainline. 
 
The booster pump is reported to be malfunctioning, producing inconsistent and inadequate water 
pressure. To compensate for lack of full coverage, the irrigation system is being run for longer 
periods of time. Some areas are therefore lacking adequate water while others are being 
overwatered. This has contributed significantly to the park’s declining landscape vigor and 
aesthetic. 
 
Irrigation is scheduled to run nightly.  The current Hunter ICC controller is not compatible with 
rain sensors or flow sensors.  Part circle nozzles operate for 12 minutes, and full circle nozzles 
run for 24 minutes.  Several valves are inaccessible or buried and some are not functioning.  The 
infield at the northwest corner has turf with no irrigation system and requires hand watering. 
 
Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System Water Conservation Improvements: 
 

• The mainline leak should be located and fixed immediately, to prevent further water 
wastage. 
 

• The booster pump should be repaired or replaced to ensure adequate water pressure. 
 
Non-Pressurized Water Delivery System/Components Water Conservation Improvements: 
 

• Buried valves should be located, marked, tested and serviced. Valves that are not 
functioning efficiently should be repaired or replaced. 
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Potential Water Cost Savings for Jackson Playground 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use and estimated annual water savings at each park.   

However, at Jackson Playground the metered water use was determined to be far lower than 
expected, based on the park area and turf irrigation needs.  The reasons for this discrepancy are 
not known.  It appears that irrigation run times were reduced because of spray blockages.  
Though a mainline leak contributed to an increase in recorded water use, use records are still 
lower than expected.  

To arrive at more accurate figures for water use calculations, the assessment team calculated the 
current estimated water requirement for the park, based on park area, plant type, and ET 
scheduling, to establish a norm for projecting potential annual water and cost savings.   

In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available.  Water meter records are included in the Appendix.   
 
More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 

Jackson Playground: 
 
 

Water Use Data 
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Metered 1-Yr 

Total. 
4.05 2,526,744 3,688,388 -1,161,644 -$5,808 -286,826 -$1,434 -45.97% 

Metered 4-Yr 
Avg. 

4.05 2,526,744 3,688,388 -1,161,644 -$5,808 -286,826 -$1,434 -45.97% 

Norm-Estimated 

 
4.05 4,591,224 3,688,388 902,836 $4,514 222,922 $1,115 19.66% 
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SITE OBSERVATION & ASSESSMENT, July 21st 2009 RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER(S) 
 
The existing irrigation system is served by:  2 meters: 
 
PUC Meter Account #  T0060378975 
Meter Quantity & Size:  (1) 2”  
 
PUC Meter Account #  T0060378976 
Meter Quantity & Size: (1) 2” 
 

 

WATER PRESSURE AND REGULATING 
 
The record water pressure at the meter(s): 68 PSI 
 
OPERATING PRESSURE 
The available water pressure at the water service main is 
approximately 68 PSI, which should be adequate for operating the 
irrigation system.   The irrigation system includes a booster pump 
designed to monitor and maintain a consistent and reliable 
operating pressure for the irrigation system.  However, the 
booster pump appears to be malfunctioning. 
 
All valve circuits with more than six heads had marginal pressure. 
The gardener, reported fluctuation in the system performance, 
from poor to ample performance. 
• With the two meters and a booster pump there should be 

ample flow and pressure for the system. The deficiencies 
observed coupled with the gardener’s report of inconsistencies 
indicate a booster pump malfunction. The pump was 
inaccessible for definitive observation.  However, while the 
irrigation system was running, the pumps motor could not be 
heard. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

• The booster pump must be 
repaired or replaced to meet 
the water pressure 
requirements to operate this 
irrigation system. 
 

PRESSURIZED PIPING (MAINLINE  & QUICK-COUPLER) 
 
The current irrigation system is approximately 40 years old. The 
mainline system was tested for potential leaks by reading the 
water meters while the irrigation system was turned off.  This 
reading should have been static, yet fairly substantial flows were 
observed. 
• This indicates a constant mainline leak. 

 

 
 
 

 
 
 
 

• The irrigation mainline 
leak(s) should be located and 
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• The cause and location of the leak(s) could not be determined 
during from site observation, staff interviews, or available 
records.  

fixed.  
 

CONTROL VALVES 
 
There are 11 valve zones and controller stations. Stations 1-8 
control the valves watering the baseball fields. Station 9 controls 
the quick-coupler valves and is manually turned on when needed 
for hand watering. 
Stations 10-11 are for the shrub planters in the children’s play 
area.  These are not currently in use, due to continual breakage.   
 
Functionality 
Some valves are slow to shut down, especially valve #3 and 
valves with more than 6 heads and low operating pressure.  
• Valves that shut down slowly cause flooding in the infield.  

Valves in the ball fields are buried and their locations are not 
known. 
• Unknown valve locations make service and repair impossible. 

 
 
 
 
 
 
 
 
 

 
• The Griswold valves are old 

and need to be serviced or 
replaced. 

• Unknown valve locations 
should be identified using a 
wire tracer.  All valves, 
existing, relocated and new, 
should have valve markers 
installed so they can be found 
when they need service. The 
location of each valve, 
measured from two 
permanent coordinate points, 
should be documented on a 
set of system record drawings. 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
Make and Model: 18 Station Hunter ICC 
Age:  Unknown 
Capabilities:  Not flow sensor and rain sensor 

compatible.  There is no remote actuator. 
Location:  The controller is located in the recently 

condemned recreation building at the 
backside of the stage.  

• This is an inconvenient location.  Accessing this location to 
install the recommended flow sensor would result in 
additional costs.   The location could also inhibit the 
performance of the recommended remote actuator. 

 

 
 

• A new weather-based smart 
controller compatible with a 
flow and rain sensors is 
recommended. 

• The controller should be 
moved from the condemned 
building to a convenient 
outdoor location and 
protected in a heavy-duty 
stainless steel enclosure. 
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• A rain sensor should be 
installed to prevent irrigation 
during unexpected rains. 
 

• A flow sensor should be 
installed to automatically shut 
off irrigation system when a 
leak is detected. 
 

• A remote actuator should be 
installed when the controller 
is upgraded. 

IRRIGATION SCHEDULE 
 
At the time of observation the irrigation was scheduled to run 
every night for the dry season.   The schedule is reported to be 
reduced during the rainy season.  
• The gardener reports that the current watering duration and 

frequency are necessary to compensate for inconsistent 
system performance and inadequate coverage.    

 
 
 
 
 
 
• Observation of the landscape reveals that turf and other 

plantings are stressed.  Watering too frequently without regard 
to plant water needs is causing wastage and soil compaction. 
Many common plant disease and pest management issues are 
made worse by overwatering. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
• After the irrigation system is 

upgraded to be more efficient, 
the irrigation schedule should 
be adjusted.  Irrigating turf 
every other day or three days 
per week during the driest 
months, and every third day 
during the wetter spring 
months, should be sufficient. 

• Irrigation scheduling should 
be consistent with plant water 
needs and soil types. 
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WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED 

 

DISTRIBUTION UNIFORMITY 
 
Head Operating Pressure 
Operating pressure at the heads is low in places where more than 
six heads are on one valve. 
• Low pressure impacts the droplet size, velocity and distance 

of throw and the heads do not function effectively. 
 
 
 

 
 

 
 
 

• The booster pump should be 
repaired or replaced.  See 
Water Pressure and 
Regulating recommendations 
above. 

Head Layout & Spacing 
• The head spacing is irregular, with no head-to-head coverage.  

(Spacing varies from approximately 42 feet to 55 feet). 
• Many areas in the park have uneven precipitation rates, as 

well as inadequate coverage. As a result, the outfields appear 
overwatered and yet dry areas are interspersed. 

 
• Every head in the field should 

be flagged and the distance to 
adjacent heads measured and 
recorded.  Head locations 
should then be moved to 
equalize spacing.  

• Additional heads could be 
added to valves with fewer 
heads if necessary to achieve 
adequate coverage. 

Mismatched Heads and Nozzles 
 Heads and nozzles have been replaced with models that have 
mismatched precipitation and flow rates. 
• Mismatched precipitation and flow rates greatly impact the 

uniform distribution of water and result in ineffective 
coverage, with some areas of the turf dry and patchy. 

• Flow rate through nozzles should be consistent, to apply the 
appropriate amount of water to the covered area. 

 

 
 
 

• Install heads with appropriate 
throw and flow for proper 
coverage and similar 
precipitation rate.  

Sunken Blocked Heads 
Several Thompson rotor heads have a short, 1-inch pop-up height. 
These heads are heavy and tend to sink over time.  
• Many of these sunken heads are overgrown by grass which 

further inhibits the performance. 
 

 
• Replace old Thompson heads 

with more efficient rotor 
heads that have 3- to5-inch 
pop-up heights.  

Broken Heads 
Heads on valves #10 and 11 are being constantly broken in the 
small shrub planters in the children’s playground.   
• The gardener stated that as a result he does not run these 

stations, and waters the shrubs by hose once every two weeks. 
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PLANTINGS AND SOILS 
 

 

EXISTING PLANT TYPES AND WATER NEEDS 
 
Planting types have been identified in conjunction with park 
program needs to recommend areas for conversion to plantings 
with lower water needs. 
The prevalent planting types  or species population described by 
water demand at this park include:   
• Active Use Lawn: 3.3 Acres or.78% of the total park area 
• Plants with medium water use: 0.05 Acres or 1.2% of the total 

park area 
The balance of the total park area is hardscape and the 
condemned recreation building next to the children’s play area. 

 
 
 

 
 

 
 

 



2–80 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

 

 

Jackson Playground 
Quantity and Cost Estimate 

LANDSCAPE & IRRIGATION RENOVATION 

     ITEM UNIT QUANTITY UNIT COST COST 
RENOVATION OF BALL FIELDS         
Irrigation design including field review LS 1 $7,500 $7,500 
Moving head locations (trenching) HRS 120 $75 $9,000 
Installing pipe, riser assemblies and flushing system HRS 60 $140 $8,400 
Add control valves to existing mainline EA 1 $450 $450 
Connect new control valves to lateral lines EA 1 $50 $50 
Control wire (includes trenching) LF 300 $4.50 $1,350 
Furnish and install rotor heads EA 50 $80 $4,000 
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 200 $2.80 $560 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1 $3,840 $3,840 

SUBTOTAL COST       $42,150 
          

Landscape Restoration SF 8,500 $2.50 $21,250 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $1,000 $1,000 
Repair work LS 1 $6,000 $6,000 
Wire tracing to locate buried valves LS 1 $600 $600 

SUBTOTAL COST       $7,600 
          
GRAND TOTAL       $71,000 

     
     Notes: 

    1. The booster pump should be serviced prior to construction to insure that it is running properly. 
    2.  To move the controller from the condemned building outside in a stainless steel enclosures add $3500. 

3. Since the building is condemned a rain sensor is not included. 
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Figure 14 
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PARK: JEFFERSON SQUARE PARK 
 
LOCATION: Eddy/Gough Street 
 
TOTAL AREA: 5.5 Acres   
 
Park Description: 
 
Jefferson Square Park is a hilly park in San Francisco’s Western Addition.  Originally 11 acres, 
the park served as a campsite for refugees following the 1906 earthquake.  In 1917 the park site 
was divided into two areas, with the southern, flatter portion becoming Hayward Playground.  
Jefferson Square Park now consists of two city blocks, surrounded by streets on all four sides.  
The park is over 90% turf, with trees planted intermittently throughout.  The park has an off-
leash dog run area.   Several paved paths provide circulation routes, with a small paved plaza 
near the center at the main Eddy Street entrance to the park.  Irrigation runoff has led to 
overgrowth around paths, causing erosion and damage to asphalt paving. 
 
Existing Irrigation System: 
 
The current operating automatic irrigation system is approximately 30 years old and is connected 
to a much older pressurized, galvanized pipe quick-coupler system (approx. 60-70 years old.)   
The water meter indicates flow even when the irrigation system is turned off.  This discrepancy 
indicates a continuous leak in the irrigation mainline.  There is a single controller, located across 
the street from the park in Hayward Playground.   
 
Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System and Non-Pressurized Water Delivery 
System/Components Water Conservation Improvements: 
 

• The controller should be moved from its current location in a basement in Hayward 
Playground, to a secure steel enclosure in Jefferson Square Park. 

 

• The existing irrigation system should be replaced with a new automatic pvc piped 
irrigation system suitable for climate-appropriate low-water-use plantings as well as turf 
areas. 
 

• Turf areas on steep slopes should be substituted with climate-appropriate low-water-use 
planting or no-mow or hard fescue grasses. Up to 40% of the park could be replanted in 
this way, with significant water savings. 
 

• Asphalt walkways, damaged by overgrowth from irrigation runoff, should be repaired to 
prevent further erosion. 
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• Jefferson Square Park is a good candidate for developing a stormwater harvesting system.  
Features such as vegetated swales, infiltration basins, or a cistern can take advantage of 
stormwater runoff from the park and further reduce potable water use.  Stormwater 
harvesting features could be installed while other upgrades are being performed, without 
adding significant construction costs.  See Alternative Water Sources in the General 
Recommendations for more information. 

 
Potential Water Cost Savings for Jefferson Square Park 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use at each park, as well as the estimated annual water savings.   

However, at Jefferson Square Park the metered water use was determined to be an inexact 
measure of current water use.  Parts of the irrigation system were turned off due to a leak, so the 
metered water use does not indicate the amount of water needed to irrigate the park.   

For this reason, the site assessment team also calculated the current estimated water requirement 
for the park, based on park area, plant type, and ET scheduling.  This estimated water 
requirement establishes a norm for projecting potential annual water and cost savings.   

In the table below, Metered Water Use indicates the annual water use recorded by meter readings 
for the 12-month period from September 2008 through August 2009, the most recent data 
available.  Figures in italics indicate the 4-year average annual metered water use between 2005 
and 2008.  Water meter records are included in the Appendix.   
 
Additional information for individual meters at Jefferson Square Park: 

• One of the meters is a standby meter.  No water use was recorded at this meter. 

• For the active meter, the reading for September 2005 was abnormally high.   The figure 
was reduced to an average for that month.  This adjustment reduced the annual average use by 
750 CCF.  The recorded use was significantly less for the last two years compared to 2007 and 
2008.  The reason for this outlier reading has not been determined.
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More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 

Jefferson Square Park: 

Water Use Data 
Source/ Time 
Period 
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Metered 1-Yr 

Total 
5.1 5,043,764 3,904,560 1,139,204 $5,696 223,373 $1,117 22.59% 

Metered 4-Yr 
Avg. 

5.1 6,152,300 3,904,560 2,247,740 $11,239 440,733 $2,204 36.53% 

Norm-Estimated 

 
5.1 6,045,336 3,904,560 2,140,776 $10,704 419,760 $2,099 35.41% 



2–86 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

 

 

SITE OBSERVATION & ASSESSMENT, July 8th 2009 RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER(S) 
 
The existing irrigation system is served by:  2 meters: 
 
Two (2) two-inch water meters serve the system: 
PUC Meter #:  T0031626043 
Meter Quantity & Size:  (1) 2”  
 
PUC Meter #:  T005743266 (Standby Service) 
Meter Quantity & Size: (1) 2” 

 

WATER PRESSURE AND REGULATING 
 
The record water pressure at the meter(s): 106 PSI 
 

 
 

CONTROL VALVES 
 
Valve #1 could not be turned on.  A battery controller on valve #1 has 
replaced the solenoid on that valve.   

 

 
 
• Locate and repair the wire break 

to valve #1.  If this fails, attach 
wire from unused master valve 
(8 feet away) to valve #1 and 
connect wire to station #1 at 
controller. 

• Broken valve boxes need to be 
replaced with locking lids to 
prevent vandalism. 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
The controllers are not compatible with a flow and rain sensor. 
Make and Model: 1-16 Station Hunter ICC Controller. 
Location:   The controller is across the street in the 

basement near the baseball field.   
• This controller location is very 

inconvenient when staff need to inspect the 
irrigation system and make repairs.  

Age:  2007-2008 
Capabilities:   The controller is not compatible with rain    

 
 

• The controller should be 
placed in the park in a vandal-
resistant heavy-duty metal 
container.  The control wires 
could be run to the new 
controller location.   
 

• A remote actuator is 
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and flow sensors.  There is no remote actuator 
with the controller.    

  
 

 

recommended to facilitate 
easier irrigation system 
operation and system checks.   

• Install a weather-based smart 
controller compatible with 
flow and rain sensors.  Install 
a master valve with the flow 
sensor. 

IRRIGATION SCHEDULE 
 
The irrigation is scheduled to run every day but Tuesday and 
Wednesday for 30 minutes per valve circuit, except during the 
rainy season.  Valves with automatic operation are run during the 
night.  Valves requiring manual operation are run during the day.    

 
  

 
 

• Turf should be watered every 
third day during wet spring 
months and every other day 
during dry months.  

• Modify the irrigation schedule 
to accommodate the weather, 
soil, and wind conditions.  

• Areas watered manually 
should be incorporated into 
the automatic controller for 
night watering. 

WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED 

 

DISTRIBUTION UNIFORMITY 
 
Missing Heads/Nozzles 
The area surrounding the plaza at the Eddy St. entrance has a 
large dead patch.   

• The risers for two or three heads are capped off.  
 

 

 
 
 
 
• Restore missing nozzles. 

Sunken, Broken and Blocked Heads 
There is at least one dry area at every valve area or common area 
with an adjacent head.  Dry areas are more prevalent on the 
eastern half of the park. The dry areas are a combination of 
several causes: 
• The Thompson heads pop up approximately 1 inch.  They are 

heavy and tend to sink, resulting in partially blocked spray.  
 

 
 
 
 
 

• Replace Thompson heads 
with heads that pop up 
higher.   
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 • Relocate and/or add heads 
that have sprays blocked, to 
provide adequate coverage. 
 

• In the center plaza, spray heads on the manual valve are at the 
tree.  The tree roots are entangled in the irrigation piping, 
preventing valve operation. 
 

• Install a new system with the 
heads at the perimeter of the 
plaza to eliminate problems 
with tree roots and provide 
better coverage. 

Coverage 
On valve #7, the second head from the Turk Street entrance is not 
turning.   

 
• Repair or replace head. 

Mismatched Heads 
All the valves have mismatched heads and nozzles with different 
precipitation rates. The Hunter heads are on the same circuits as 
the Thompson heads and do not put out as much water.  
• As a result, the areas are getting insufficient water and dry 

areas are prevalent throughout the park.  
 

 
 
 
 

• Replace or change nozzles on 
the Hunter heads to be 
compatible with the 
Thompson heads, or replace 
the Thompson heads. 

Valves 
Valves #2, #3, #4, #6, # 9, #10, #11 and #12 have both full and 
part circle heads. 
• It is more efficient to have only one head type per valve. 
 

 
 
 

• It would not be cost effective 
to re-pipe portions of all of 
these valves solely for the 
purpose of having one head 
type per valve. 
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SITE OBSERVATION & ASSESSMENT, July 8th 2009 RECOMMENDATIONS 
PLANTINGS AND SOILS 
 

 

EXISTING PLANT TYPES AND WATER NEEDS 
 
The most prevalent plant species in biomass or species population 
existing on site are: 
• Turf: approximately 5.1 acres or 95% of total planted area.  
 
There are turf areas in the parks that are sloped or are in long, 
narrow shapes that are difficult to water efficiently. These are 
good candidates for conversion to climate-appropriate, low-water-
use plantings.  
 

 
 

• The areas shown on the park 
site map are recommended for 
conversion to climate-
appropriate, low-water-use 
plantings or turf alternatives: 
2.15 acres, or about 40% of 
the park area.  Refer to the 
Planting section in the 
General for more information. 
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     Jefferson Square Park 

Quantity and Cost Estimate 
LANDSCAPE & IRRIGATION RENOVATION 

     ITEM UNIT QUANTITY UNIT COST COST 
NEW IRRIGATION SYSTEM - ENTIRE PARK         
Irrigation design LS 1 $10,000 $10,000 
New irrigation system installation SF 222,000 $1.75 $388,500 
Cut and patch asphalt paths EA 14 $1,500 $21,000 
Move controller outside in a heavy duty stainless steel 
enclosure EA 1 $5,500 $5,500 

Landscape restoration SF 22,200 $2.50 $55,500 
Design and Construction Contingency +/-10% LS 1 $47,500 $47,500 

SUBTOTAL COST       $528,000 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $1,600 $1,600 
Metal tracing to find galvanized pipe connections. LS 1 $1,200 $1,200 

SUBTOTAL COST       $2,800 
          
GRAND TOTAL       $530,800 
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Figure 16 



2-93                                                              Figure 18



2-92                                                             Figure 17



2-94 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

 

 
This page left intentionally blank. 

 



2-95 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

 

PARK: LOUIS SUTTER PLAYGROUND 
 
LOCATION: University / Wayland Streets 
 
TOTAL AREA:  9.8 Acres 
 
Park Description: 
 
Louis Sutter Playground was established in the late 1960’s. The park is an active recreation 
facility and playground within the greater area of McLaren Park, one of the largest park/open 
spaces in San Francisco.  The playground sits at the base of the steep northeast-facing grassy 
slopes of the McLaren Park natural area; Louis Sutter Playground is contiguous to McLaren 
Park, but at a lower elevation. Louis Sutter Playground is the most heavily-used area of McLaren 
Park.  It is easily accessed from the surrounding neighborhood, and includes paths that connect 
with hiking trails in McLaren Park.   
 
The playground includes two baseball fields, a junior soccer field, two tennis courts, a basketball 
court, a children’s playground, a picnic area, McNab Lake and its shoreline walkway.  The lake 
contains an island and a stand of reeds, along with a nearby concession area and playground.   
 
Over 50% of the park is devoted to turf used for active play, with some peripheral plantings of 
trees and shrubs. The general park vegetation includes a mixture of trees—Eucalyptus, Monterey 
Cypress, Monterey Pine and ornamental shrub plantings.  These plantings are generally lower-
water-use.  
 
Existing Irrigation System: 
 
One meter was identified as providing the water for the park irrigation system.  A 3-inch gate 
valve also supplies water to the park.  The water source for this gate valve could not be 
determined.   
Several factors indicate that this gate valve is connected to a different mainline than the one 
known meter, and that this second water source is supplying most of the water for the park.  
First, the area of the park is larger than the area that could be irrigated with the amount of water 
supplied by the meter.  Second, the water pressure is higher than the pressure that would be 
produced by the meter.  Third, shutting off the gate valve shuts off the irrigation for most of the 
park.   
 
The current operating automatic irrigation system is approximately 30 years old.  The system 
mainline is galvanized pipe, which is reported to be severely corroded.  There is a leak in the 
mainline, and valve #2 is stuck on.   For these reasons, the water supply is shut off at the 3-inch 
gate valve by the park caretakers, except to perform irrigation twice a week.   
 
Backflow prevention devices for the meters and gate valve could not be located during the site 
inspection.  If backflow prevention device are not present, they should be installed as soon as 
possible.  Having no backflow prevention devices is a code violation and a potential public 
safety issue. 
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Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System Water Conservation Improvements: 
 

• If no backflow prevention device exists for the 3-inch gate valve, install one to bring the 
system up to code and prevent possible contamination of the water supply.  

• Locate and disconnect the galvanized quick-coupler system.  
 

Non-Pressurized Water Delivery System/Components Water Conservation Improvements: 
 

• Renovate and upgrade the sports field irrigation system  
• Provide a new weather-based smart controller and install flow and rain sensors. 
• Install new automatic irrigation system for the slopes around the basketball courts and the 

slope facing east along University Street. 
 

Potential Water Cost Savings for Louis Sutter Playground 
 

Metered water use as recorded by SFPUC meter records was used as the baseline for 
determining current water use and the estimated annual water savings at each park.  Water 
meter records are included in the Appendix.   

However, at Louis Sutter Playground the metered water use was determined to be an 
unreliable measure of current water use.  The meter associated with Louis Sutter Playground 
is supplying water to only a small portion of the park.  The remainder of the park irrigation 
water is supplied by a 3-inch gate valve whose meter is unidentified. Therefore, most of the 
irrigation water used at Louis Sutter Playground is not included in the meter records. 

For these reasons, the site assessment team also calculated the current estimated water 
requirement for the park, based on park area, plant type, and ET scheduling.  The estimated 
water requirement establishes a norm for projecting potential annual water and cost savings.   

Additional information for the meter at Louis Sutter Playground: 
• The meter had no seasonal variation and was assumed to be a domestic meter.   
• The meter had very low water use records and was assumed to be recording water used 

for the quick-coupler system.  
• The water source for the 3-inch gate valve is unknown, but is most likely tied into the 

larger McLaren Park irrigation system.  
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More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 
 
Louis Sutter Park: 
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Metered 1-Yr 

Total 
4.46 N.A 3,084,752 N.A N.A N.A N.A N.A 

Metered 4-Yr 
Avg. 

4.46 N.A 3,084,752 N.A N.A N.A N.A N.A 

Norm-Estimated 

 
4.46 3,576,936 3,084,752 492,184 $1,477 110,355 $331.07 13.76% 
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SITE OBSERVATION & ASSESSMENT, July 31st 2009 RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER(S) 
 
The existing irrigation system is served by:  2 meters: 
PUC Meter #: T0060493360 
Meter Quantity & Size:  (1) 1.5”  
• The meter had no seasonal variation and was assumed to be a 

domestic meter.   
• The meter had very low water use records and was assumed to 

be recording water used for the quick-coupler system which 
irrigates only a small portion of the park. 

• The water source for the 3-inch gate valve is unknown. 

 
 
 
 
 
 
 
 
 

 
• The water source should be 

found or a new meter be 
installed for the gate valve.  

BACKFLOW PREVENTION 
 
A backflow prevention device was not located for either the meter 
or the 3-inch gate valve at this site. 
• This is a code violation and public health and safety issue. 

Without a backflow prevention device, contaminants have 
the potential of being siphoned into the potable water system. 
Contaminants even in minuscule quantities put the 
population at risk of consuming fertilizers, pesticides and 
animal residues. 

 
 

 

• A backflow prevention 
device should be installed for 
each water source if such 
devices are not present. 

It appears that the 3-inch gate valve west of the maintenance 
building was installed to replace a backflow prevention device at 
this location.   
• If this is the case, this may now be an illegal connection.  The 

water source for this gate valve is unknown. 

 
 
 

• The water source for this gate 
valve should be identified.   

WATER PRESSURE AND REGULATING 
 
The recorded water pressure at the meter(s): 93 PSI  
Water pressure in the athletic fields appeared high.  With two 
valves operating at the same time, the pressure was ample.  
Where there were missing heads, tall geysers of water shot into 
the air.   
• As a result of the high pressure, the head riser assemblies get 

stripped and must be replaced quite often. 
 
 

 
 
• The exact pressure should be 

determined.  If the pressure is 
higher than 75 PSI, a pressure 
regulator or pressure 
regulating valves are 
recommended.  



2-99 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

 

SITE OBSERVATION & ASSESSMENT, July 31st 2009 RECOMMENDATIONS 

 • When heads fail they should 
be replaced with heads that 
automatically shut off upon 
failure. 

The irrigation system around the play area, tennis courts and the 
turf near the roundhouse had valves with marginal pressure. 
Valves #4 and #5 near the tennis courts had minimal pressure to 
operate. 
• The differing pressure levels indicate that there is likely more 

than one water source supplying this area, or that the valves 
are malfunctioning and need repair or replacement. 

 
 
 
 

• The cause of the marginal 
pressure at these valves 
should be investigated.   

PRESSURIZED PIPING (MAINLINE  & QUICK-COUPLER) 
 

The galvanized mainline is corroded and has severe leaks.  The 
galvanized quick-coupler system irrigating the slope along 
University Street has a history of leaks and is probably connected 
to the meter on University Street. 

 
 
 
 

• The leak in the main line 
should be fixed. 

LEAKS 
 
There is a mainline leak under the paved driveway where it 
approaches the maintenance yard. 
• Because of the leak, the mainline must be turned off at the 

gate valve and then turned on manually to operate the 
irrigation system. The leak is on the surface and is a public 
hazard.  

 
 
 

• The leak should be fixed as 
soon as possible. 
 

CONTROL VALVES 
 
Controller-1 
Functionality 
Valve #2 on the controller for the soccer and baseball fields was 
buried.   The valve was stuck on and severely flooding the fields.  
• The buried valve location is not known, making it difficult to 

repair or replace the valve.  To prevent flooding, the gardener 
stated that he turns the system off at the mainline gate valve, 
and turns it on to irrigate manually twice a week.   

• The area covered by valve #2 and areas with runoff were 
flooded.  The remaining areas operated by valves #1, #3 and 
#4 were dry. 

 
 
 
 
 
 

• As valve #2 was stuck, an 
assessment was difficult. This 
needs further investigation for 
recommendations. The buried 
valve must be found and 
repaired or replaced.   
 

Valve #7 did not turn on. 
• The reason for this is unknown. 

 
• Valve #7 should be located, 

and repaired or replaced as 
needed.   
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SITE OBSERVATION & ASSESSMENT, July 31st 2009 RECOMMENDATIONS 

Controller-2 
Functionality 
Valves #1, #2, #3, #6 and #7 were turned off or not working. 
• The valves are buried at least 2 feet in the ground and their 

location is not known. 

 
 
 
• Buried valves should be 

located and repaired or 
replaced as needed. 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
Make and Model: (2)12 Station Hunter ICC Controllers 
Controller serves:       One controller primarily controls valves 

watering the soccer and baseball fields. The 
other controls valves around the children’s 
play area and tennis courts and the large 
turf area east of the roundhouse.   

Location:   The controller for the sports fields is 
located in the roundhouse and the other 
controller is in the maintenance building. 

Age:  Within the last few years (exact age 
unknown).  

Capabilities:  The controllers are not compatible with 
rain sensors or flow sensors.  They do not 
have remote actuators. 

 
Note: The controller in the roundhouse is surrounded with 
hardscape.  There should be a conduit to this building, with wires 
running from the field to the controller.  If this conduit cannot be 
located, or is not of sufficient size to install additional wires for 
the flow sensors and new valves (six wires in all), a new conduit 
should be installed.  This will require saw cutting and patching 
the pavement. 

 
 

• Replace controllers with 
weather-based smart irrigation 
controllers that are compatible 
with rain and flow sensors.  

• Provide and install rain 
sensors and flow sensors with 
master valves.  
 

 

IRRIGATION SCHEDULE 
 
• The areas east and south of the tennis courts and the slope east 

of the maintenance building are not being watered.   
• The slope east of the sports fields (facing University Street) is 

watered manually using quick-couplers.  The slope north of 
the maintenance area is also watered manually.   

• The areas south and west of the basketball court are dry or 
dead, due to runoff onto the court.  

 
 

• The irrigation system should 
be upgraded to permit 
automatic irrigation.  

• Turf should be watered every 
third day during wet spring 
months and every other day 
during dry months. Modify 
schedule if soil conditions 
require. 
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Automatic operation has been shut off, due to a mainline leak and 
buried, broken valves.  The system is operated manually twice a 
week during the day.   
• Daytime operation, along with leaks, pressure problems, and 

inoperable valves, have resulted in areas that are either water-
logged or totally dry and patchy.  
 

• Irrigation should take place at 
night to reduce 
evapotranspiration.   

WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED 

 

DISTRIBUTION UNIFORMITY 
 
Controller 1:  
Valves #1-4 - Baseball Field Irrigation: 
Head Layout & Spacing 
• The areas covered by valves #1 through 4 had inadequate 

coverage. Valve #2 was stuck on and flooded, making 
assessment difficult.  However, it appeared that rotor head 
spacing was irregular and lacked standard head-to-head 
coverage.  

 

 
 
 
 
 
 

• For valves #1 through 4, 
heads should be flagged and 
the distance to adjacent heads 
measured and recorded.  Head 
locations should then be 
moved to equalize spacing. 
Additional heads could be 
added to valves with fewer 
heads if necessary to achieve 
adequate coverage. 

• Flooding caused by valve #2 posed a public safety hazard.  
Flooding engulfed the entire walkway and stepped entry into 
the park, overflowing onto the sidewalk and the street. 
 

 

Mismatched Nozzles and Heads 
The heads and nozzles on valves #1 through 4 are mismatched 
and provide uneven precipitation rates within each valve zone. 
• Matched precipitation rates are required for uniform 

distribution of water.  Mismatched heads and nozzles result in 
ineffective coverage, with some areas of the turf dry and 
patchy. 

 
 
 

• On valves #1 through 4, 
replace heads nozzles so that 
all have similar precipitation 
and flow rates, to obtain 
uniform application. 

Broken Heads 
Turf between the baseball and soccer fields: 

 Valve #5 had two broken heads and one missing head.  Valve #9 
had a broken head. 
• The areas covered by the broken and missing heads are 

assumed to have inadequate coverage, based on a similarly 
designed head layout. 

 
• The broken and missing heads 

on valves #5 and #9 need be 
replaced. 
 



2-102 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

 

SITE OBSERVATION & ASSESSMENT, July 31st 2009 RECOMMENDATIONS 

Head Layout & Spacing 
Valves #6 through 11 - Soccer Field: 
Head spacing was irregular, with no head-to- head coverage.  
• Valves #6 through 11 had inadequate coverage.  

 
 
 

• For valves #6 through 11, 
heads should be flagged and 
the distance to adjacent heads 
measured and recorded.  
Head locations should then 
be moved to equalize 
spacing. Additional heads 
could be added to valves with 
fewer heads if necessary to 
achieve adequate coverage. 

Mismatched Nozzles and Heads 
Station #11 ran valves for heads with rotors that water the soccer 
field and other valves with spray heads that water the turf next to 
the roundhouse.    

• Since spray heads apply 
water at least twice as fast as 
rotor heads, the controller 
should be rewired with 
separate stations for different 
types of heads. 

Broken and Missing Heads 
Valve #9 had a broken head.  

 
• Replace the broken head on 

valve #9 
 

No heads were located on Valve #7, though there was a wide gap 
between valves #6 and #8.  

• Locate valve #7 and repair or 
replace to reactivate this 
section. 
 

According to the plans, there should be a row of heads watering 
between valves #6 and #8. 
 

• Add the missing heads on 
valve #8. 

Controller 2: 
Area around the children’s play area, tennis courts and turf east 
of the roundhouse  
Mismatched Nozzles and Heads 
Valve #4 has a mixture of small rotors and spray heads and a ½ 
spray nozzle at a corner. 

 
 
 
 

• Heads on valve #4 should be 
changed to heads with similar 
application rates and provide 
consistent coverage. 

Broken and Misaligned Heads 
There is one broken head on valve #4, which waters the small, 
weedy turf area adjacent to the children’s play equipment.  

 
• Replace the broken head on 

valve #4 and adjust the head 
rotation and level head-to-
surface and arc adjustments. 
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Valve #5 watered the area adjacent to the walkway entering from 
University St. to the tennis courts.   
• Most of this area was a very steep slope. Several heads were 

not turning. The heads were shooting water in one direction 
and the remaining areas had inadequate coverage. 
 

 
 

• On valve #5, adjust the head 
rotation and level head-to-
surface and arc adjustments. 

Sunken Heads 
Valves #8 and 9 irrigated the large turf area by the roundhouse. 
This area still had the original Thompson rotor heads.   
• Coverage was marginal.  Obstructions such as a garbage cans 

and a bike rack blocked spray. 
 
 

 
 
 

• On valves #8 and #9, replace 
the old rotor heads and adjust 
the head rotation and level 
head-to-head and arc 
adjustments. 
 

PLANTINGS AND SOILS 
 

 

EXISTING PLANT TYPES AND WATER NEEDS 
 
Planting types have been identified in conjunction with park 
program needs to recommend areas for conversion to plantings 
with lower water needs. 
The prevalent plant species in biomass or species population on 
site are: 
• Active-use Turf: approx. 2.26 acres, or 48% of the total area 
• Passive-use Turf: 0.53 acres, or 11% of the total area. 
• Established climate appropriate low water use planting: 1.67 

acres, or 37% of the total irrigated area. 
The balance of the total park area is hardscape or unirrigated. 

  
 
 
 
 

 
• No plant substitution is 

recommended.  
• For any future plantings at the 

park, refer to the guidelines in 
the General 
Recommendations. 

• Eventual conversion of the 
soccer field to artificial turf is 
recommended.  Conversion 
costs would be supported in 
part by long-term water 
savings. 
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     Louis Sutter Playground 

Quantity and Cost Estimate 
LANDSCAPE & IRRIGATION RENOVATION 

     ITEM UNIT QUANTITY UNIT COST COST 
RENOVATION - ENTIRE PARK         
Irrigation design including field review LS 1 $10,000 $10,000 
Design and Construction Contingency +/-10% LS 1   $1,000 

SUBTOTAL COST       $11,000 
          

RENOVATION OF SPORTS FIELDS         
Moving head locations (trenching) HRS 180 $75 $13,500 
Installing pipe, riser assemblies and flushing system HRS 90 $140 $12,600 
Add control valves to existing mainline EA 2 $750 $1,500 
Connect new valves to lateral lines EA 2 $50 $100 
Control wire (includes trenching) LF 500 $4.50 $2,250 
Provide and install rotor heads EA 50 $80.00 $4,000 
Design and Construction Contingency +/-10% LS 1   $4,295 

SUBTOTAL COST       $38,245 
          

REPLACE/UPGRADE CONTROLLER         
Furnish and install rain sensor at maintenance building LS 1 $600 $600 
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller EA 500 $2.80 $1,400 
Furnish and install rain sensor on round house LS 1 $600 $600 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1   $960 

SUBTOTAL COST       $10,560 
          

NEW INSTALLATION - AROUND BASKETBALL 
COURTS         

Add control valves to existing mainline EA 2 $750 $1,500 
Control wire (includes trenching) LF 200 $4.50 $900 
Furnish and install rotor heads EA 10 $80.00 $800 
Install lateral line LF 500 $2.50 $1,250 
Furnish and install quick coupling valve EA 1 $150 $150 
Design and Construction Contingency +/-10% LS 1   $460 

SUBTOTAL COST       $5,060 
          

NEW INSTALLATION - SLOPE AT UNIVERSITY 
STREET         

Mainline LF 400 $8 $3,200 
Add control valves to new mainline EA 4 $450.00 $1,800 
Control wires (include trenching) LF 600 $4.50 $2,700 
Install lateral line LF 1,000 $2.50 $2,500 
Furnish and install rotor heads EA 26 $80.00 $2,080 
Furnish and Install Quick Coupling Valve EA 4 $150 $600 
Remove existing quick coupling valves and abandon 
old mainline LS 1 $600 $600 

Design and Construction Contingency +/-10% LS 1   $1,348 
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SUBTOTAL COST       $14,828 
          

Landscape Restoration LF 6,400 $2.00 $12,800 
Design and Construction Contingency +/-10% LS 1   $1,280 

SUBTOTAL COST       $14,080 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $2,000 $2,000 
Repair work LS 1 $6,000 $6,000 
Wire tracing to locate buried valves LS 1 $1,200 $1,200 
Metal tracing to find galvanized pipe connections. LS 1 $600 $600 

SUBTOTAL COST       $9,800 
          
GRAND TOTAL       $103,573 
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PARK: MARINA GREEN PARK 
 
LOCATION: Between Marina Boulevard and Marina Green Drive 
 
TOTAL AREA: 13.5 Acres 
 
Park Description: 
 
The Marina Green Park in San Francisco, California is located between Fort Mason and Crissy 
Field. The park is noted for its glorious waterfront expanse of informal multi-use lawn and 
recreational open space. The park includes the St. Francis and Golden Gate Yacht Clubs, as well 
as a small rectangular lawn to the west, and a triangular lawn adjacent to Gashouse Cove to the 
east. 
 
Marina Green Park is host to many events and festivals throughout the year, which draw local 
and international visitors alike. The park is also a neighborhood recreational hub; it is actively 
used on a daily basis by bike riders, runners, walkers, picnickers and kite flyers.  
 
Being adjacent to the San Francisco Bay, this park experiences excessive winds and harsh 
marine and climatic influences year-round.   
 
Existing Irrigation System: 
 
Marina Green has four separate irrigated park areas.  The large central rectangular green, the 
smaller western rectangular green, and the eastern triangular green all have automatic irrigation 
systems, served by 48-station Hunter ICC controllers.  The fourth area, adjacent to the St. 
Francis Yacht Club, uses manually operated valves and some manual irrigation by hose. 
 
The irrigation system for the eastern triangular green is non-functional, due to extremely low 
water pressure.  The water source for this area is unknown, as no meter was found at the site 
visit.  The climate-appropriate low-water-use plantings in this area are doing well despite lack of 
irrigation.  The turf areas are dry or dead.   
 
The automatic irrigation systems for the central and western areas have a range of problems: 
broken pipes, leaks, mismatched heads (with mixed water pressure requirements), and an overall 
layout that is not designed for the wind conditions.  The irrigation system is currently set for an 
increased run cycle to compensate for the ineffective coverage and dry spots. This practice is not 
only overwatering the majority of the turf, it also increases the volume of water being blown 
away, wasting yet more water. 
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Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System and Non-Pressurized Water Delivery System 
Improvements: 
• Shut off the water supply to the eastern triangular turf area and the yacht club area until the 

leaky irrigation system can be replaced.   
• In the 10-foot-wide turf strip along the north edge of the central green parking lot, replace the 

spray irrigation system with a drip system and replant the turf with climate-appropriate low-
water-use plantings.  Alternatively, install a no-water-use surface.   

 
Potential Water Cost Savings for Marina Green 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use and the estimated annual water savings at each park.   
 
In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available.  Figures in italics indicate the 4-year average annual water use between 2005 and 
2008.  Water meter records are included in the Appendix.   
 
For most of the 6 sets of meters at Marina Green, the metered water use for September 2008 
through August 2009 was so high that it was determined that the metered water use did not 
accurately reflect the actual water use for irrigating the entire park on a regular basis. For this 
reason, the site assessment team also calculated the current estimated water requirement for the 
park, based on park area, plant type, and ET scheduling.  The estimated water requirement 
establishes a norm for projecting potential annual water and cost savings.   
 
Additional information for individual meters at Marina Green: 
• The meter records at 200 and 800 Marina Boulevard were erratic. Recorded winter use for 

2006 and 2008 were high, probably indicating that the meters are multi-use (irrigation and 
domestic.)  Irrigation data was extrapolated by subtracting winter use (domestic only) from 
summer use (domestic and irrigation combined.)    The recorded use for 2006 and 2008 is so 
high that the numbers might include water use by the yacht club or the marina.  Also, 
recorded water use for 2007 was very low; it was assumed to be inaccurate and was not 
included in the 4-year average.    

• For the meter at 798 Marina Boulevard, only records of 2008 and 2009 have been used.  
• The meter at 500 Marina Boulevard had little seasonal variation.  It was assumed to be a 

domestic meter, and the data was not used.   
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More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 
 
Marina Green Park 
 

Water Use Data 
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Metered 1-Yr 

Total. 
13 16,598,120 10,685,928 5,912,192 $17,737 454,784 $1,364 35.62% 

Metered 4-Yr 
Avg. 

13 12,133,308 10,685,928 1,447,380 $4,342 111,337 $334 11.93% 

Norm-Estimated 

 
13 12,775,092 10,685,928 2,089,164 $6,267 160,705 $482 16.35% 
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SITE OBSERVATION & ASSESSMENT, July 22nd 2009 RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER(S) 
 
The existing irrigation system is served by:  5 meters: 
 
PUC Meter #:  T0031918639 
Meter Quantity & Size:  (1) 4” – Serving the Central Green 
 
PUC Meter #: T0031626177 
Meter Quantity & Size: (1) 2” – Serving the Central Green 
 
One of below: 
PUC Meter #:  T0019267964 
Meter Quantity & Size:  (1) 2”  
 
PUC Meter #: T0017683050/T0031626184 
Meter Quantity & Size:  (2) 2”  
 
Other meters in the area: 
Meter Quantity & Size:  2x2” 
Meter Quantity & Size:  2x2” 
Meter Quantity & Size:  2x2” 
Meter Quantity & Size:  1x4”  

 

BACKFLOW PREVENTION 
 
Marina Green – Eastern Area 
Atmospheric vacuum breakers are being used for backflow 
protection in this area.  
• Atmospheric vacuum breakers do not meet code requirements 

for backflow prevention. 
 

 
 
 
 
 

• The atmospheric vacuum 
breakers should be changed 
to a pressure-reducing 
backflow prevention device 
that meets code. 

WATER PRESSURE AND REGULATING 
 
The recorded water pressure at the meter(s): 74  PSI  
Pressure for the manually-operated irrigation system is very low. 
The area east of the yacht club house has three manual valves 
with pressure so low that water barely dribbles from the heads.  
• The system pressure of 74 PSI is more than adequate.   

Therefore, it is likely that there is a leak or pipe blockage 
somewhere.  Deteriorating galvanized main irrigation lines are 

 
 
 
 
 
 

• The reason for the low 
pressure should be 
investigated. If leaky 
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SITE OBSERVATION & ASSESSMENT, July 22nd 2009 RECOMMENDATIONS 

the suspected cause of the low pressure. 
 
 

• If the current 4-inch mainline is inadequate, a new, larger 
mainline may be required. 
 

galvanized pipe is the 
problem, the old pipe should 
be replaced with PVC.  

CONTROL VALVES 
 
Marina Green – Eastern Area  
The water meter that serves this area could not be identified. 
 
This area has 21 valves connected to the controller. 
• All but five valves are turned off.   
• Valves #10 and #11 have broken pipes, and are momentarily 

turned off awaiting repairs.   
• The other three valves that are not turned off have such low 

pressure that they are essentially non-functional.  
• The climate-appropriate low-water-use plantings in this area 

are doing well despite lack of irrigation.  The turf areas are 
dry or dead.   
Low pressure and pipe breaks made system evaluation very 
difficult. 
 

 
 
 
 
 
• Determine the source of 

water for this area and the 
cause of low pressure.  
Repair as needed to achieve 
adequate pressure. 

• All new components are 
assumed, except possibly the 
valves.  Valves should be 
removed, serviced and tested 
prior to being placed in 
service. 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
Make and Model: (3) 48-Station Hunter ICC Controllers 
Controller serves:  Central, eastern and western Areas 
Location:    Maintenance Buildings 
Age:   Unknown 
Capabilities:    The controllers are not compatible with
    flow and rain sensors. 

There is no remote actuator with the 
controllers. 
 
 
 

• For such a large site, remote actuators are highly 
recommended, as it is extremely difficult to inspect and repair 
the irrigation system without them. 
 
 

 
 

• Install new weather-based 
smart controllers that would 
be compatible with a central 
control system if one is 
installed in the future.   
Provide and install flow 
sensors and master valves, 
one for each controller. 

• Provide and install rain 
sensors, one for each 
controller. 

• Provide remote actuators. A 
remote actuator to can save 
water and time during 
inspections. 
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Note:  
The controllers for the Marina Green central area are in a 
maintenance building surrounded with hardscape.  There should 
be a conduit to this building, with wires running from the field to 
the controllers.   
 

• If the conduit cannot be 
located, or is not of sufficient 
size to install additional wires 
for the flow sensors and new 
valves (six wires in all), a new 
conduit should be installed.   
 

IRRIGATION SCHEDULE 
 
The automatic irrigation systems operate for 30 minutes per valve 
every night except Sunday.  (Automatic irrigation is discontinued 
during rainy winter months.) When interviewed  during the 
summer, the gardener reported he had not yet adjusted the 
irrigation schedule from the spring.  The irrigation for shrub and 
perennial plantings around the yacht club area are manually 
operated every weekday morning from 7-11 AM.    
• High winds carry away irrigation water and prevent turf from 

receiving adequate water.  The automatic irrigation is 
scheduled for longer periods of time to compensate for water 
loss from wind, but turf is still not receiving adequate water. 

 
 
 
 
 
 
 
 
 

• When the irrigation system is 
fully operational, watering 
turf every other day during 
dry months and every third 
day in spring should be 
sufficient.   The schedule 
should be adjusted to 
compensate for wind, 
weather, and soil conditions. 

• If the shrub and perennial 
plantings can be placed on an 
automatic controller, 
irrigation should be done at 
night to minimize water loss 
due to evapotranspiration. 

WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED  

 

DISTRIBUTION UNIFORMITY 
 
Marina Green – Yacht Club Area 
Irrigation system valves are operated manually and some areas 
are watered by hand using a hose. 
Coverage 
Small rotor heads were installed down the middle of the planting 
area, with no- mow grass in the Lita Vita viewing area.  The 
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system was installed in this manner because the manual system is 
operated during the day, when wind is usually present. 
• Coverage is adequate but there is significant overspray.  

 
 
 

The planting area between the yacht club and the parking lot was 
recently planted with no-mow grass on the western end.  The 
remainder of the area is climate-appropriate low-water-use plants.  
 There is low water pressure is this area.  Low-pressure heads 
were installed for the no-mow grass area, with a manual valve.  
• Coverage is acceptable, with only minor dry areas.  The 

climate-appropriate low-water-use plantings are watered by 
hand using a hose. 

• This is a small area and would 
be expensive to automate as it 
is isolated by large hardscape 
areas. 

 
 
 
 
 
• No changes are recommended 

for this area as it would also 
not yield much water savings. 
 

Marina Green –  Central Area 
The central turf area has 25 valves and 150 heads.  
Head Spacing and Layout 
The area is rectangular and the heads are regularly spaced – 50 ft. 
in the north-south direction and just over 60 ft. in the east-west 
direction. 

 
 
 

• The irrigation system layout 
for the central turf area should 
be redesigned to compensate 
for the effects of wind.  The 
system should include more 
rows and smaller nozzles, to 
achieve greater density of 
coverage.  
Every other row of east-west 
row of heads should be 
replaced with two rows of full 
heads, to reduce head spacing 
from approximately 60 feet to 
40 feet.  Increasing the density 
of heads will ensure that more 
water actually reaches the 
target turf, and allow 
irrigation time to be reduced. 

Broken and Sunken Heads  
At the west end of the central green, dry areas were found 
because of broken or sunken heads. 
In the 10-foot wide turf area between the parking area and the 
walkway adjacent to the bay, there are spray heads along the bay 
side of the planter shooting towards the parking lot.   
• The coverage is adequate on the bay side but is totally 

 
 
 

• It is recommended that the 
planting area between the 
parking lot and the walkway 
be converted to climate-
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inadequate for the parking lot side.  The situation is 
complicated by the fact that there are vehicles overhanging 
onto the planter, which would create a maintenance problem if 
heads were installed on the parking side of the planter.   

 

appropriate low-water-use 
planting, to be irrigated with a 
subsurface automated drip 
system until plants are 
established, and to no longer 
be irrigated after plants are 
established. This will 
eliminate the need for spray 
heads in the area.  

Marina Green – Western Area 
This is a turf area irrigated by seven valves with rotor heads. 
Head Spacing and Layout 
Many of the original Thompson heads have been replaced with 
Hunter and Rainbird rotors.  The head spacing is irregular, with 
distances varying from 48 to over 60 feet.   
• As a result, there are many dry areas in the center sections, 

especially in areas covered by valves #3 and #5.   
 

 
 
 
 
 
 

• Relocate heads and install  
nozzles with uniform flow 
rates to obtain higher 
uniformity of application 
rates, as recommended above. 

• Every head in the field should 
be flagged and the distance to 
adjacent heads measured and 
recorded.  Head locations 
should then be moved to 
equalize spacing. Additional 
heads could be added to 
valves with fewer heads if 
necessary to achieve adequate 
coverage. 

Valve #4 has only two heads.  Valves #6 and #7 have only three 
heads each.   
• There is inadequate coverage, resulting in dry patchy lawn 

areas. 
 

 
 

• Valves #4, 6, and 7 could be 
combined so that additional 
valves and heads could be 
added where needed to 
improve coverage. 

Broken and Sunken Heads 
A few of the Thompson heads are too low and sunken into the 
ground. 

• Spray is blocked by surrounding turf, creating a puddle of 
water around the head further exacerbating the situation, 
and increasing soil compaction around the head(s). 

 
 
 

• The remaining Thompson 
heads should be replaced with 
heads having similar 
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precipitation rates, and 3-5 
inch pop up height. 

Marina Green – Eastern Area 
Most of the valves in this area were inoperable.  Among the five 
that were operating, some heads did not rotate and others 
provided only partial coverage for the intended area.   
Some of the areas have climate-appropriate low-water-use 
plantings and are doing well despite lack of irrigation.  Most of 
the turf areas are dry or dead. 

 
• Determine the source of 

water for this area and the 
cause of low pressure.  
Repair as needed to achieve 
adequate pressure. 

• A new system is likely 
required  with additional 
heads and nozzles to account 
for the effects of wind. 
 

PLANTINGS AND SOILS 
 

 

EXISTING PLANT TYPES AND WATER NEEDS 
 

• Turf: approximately 10.2 acres, more than 95% of the total 
irrigated area.   
 

 
 

• Area for conversion:  
Convert the 10-foot-wide, 0.7 
acre strip turf adjacent to 
parking lot to low-water-use 
plantings and drip irrigate 
until established.  
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Marina Green 

Quantity and Cost Estimate 
LANDSCAPE & IRRIGATION RENOVATION 
     ITEM UNIT QUANTITY UNIT COST COST 

REPLACE/RENOVATE WATER SUPPLY SYSTEM         
MARINA GREEN - EAST         
Furnish and install backflow prevention device EA 1 $4,000 $4,000 
Design and Construction Contingency +/-10% LS 1   $400 

SUBTOTAL COST       $4,400 
          

REPLACE/UPGRADE CONTROLLER         
MARINA GREEN - WEST         
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 300 $2.80 $840 
Furnish and install rain sensor on restroom building LS 1 $600 $600 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1   $844 

SUBTOTAL COST       $9,284 
          

MARINA GREEN - EAST         
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 200 $2.80 $560 
Furnish and install rain sensor on restroom building LS 1 $600 $600 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1   $816 

SUBTOTAL COST       $8,976 
          

MARINA GREEN - CENTRAL         
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 900 $2.80 $2,520 
Furnish and install rain sensor on maintenance building roof LS 1 $600 $600 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1   $1,012 

SUBTOTAL COST       $11,132 
          

RENOVATION OF MARINA GREEN         
MARINA GREEN WEST         
Irrigation design including field review LS 1 $7,500 $7,500 
Moving head locations (trenching) HRS 60 $75 $4,500 
Installing pipe, riser assemblies and flushing system HRS 30 $140 $4,200 
Furnish and install rotor heads EA 45 $80 $3,600 
Landscape Restoration SF 600 $2.00 $1,200 
Design and Construction Contingency +/-10% LS 1   $2,100 

SUBTOTAL COST       $23,100 
          

MARINA GREEN - EAST         
Irrigation design including field review LS 1 $10,000 $10,000 
Renovate existing system LS 1 $40,000 $40,000 
** Incase a new irrigation system is needed upon further evaluation SF 125,364 $1.25 $156,705 
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Landscape restoration (10% of total area for Marina Green - East) SF 12,536 $2.50 $31,340 
**Additional landscape restoration contingent on new irrigation system SF 12,536 $2.00 $25,072 
Design and Construction Contingency +/-10% LS 1   $8,134 
Design and Construction Contingency +/-10% incl contingent items LS 1   $19,178 

SUBTOTAL COST       $89,474 
**SUBTOTAL COST New System, contingent on further evaluation       $210,955 

          
MARINA GREEN - CENTRAL         
Irrigation design including field review LS 1 $9,000 $9,000 
Install lateral line LF 5,320 $2.50 $13,300 
Furnish and install rotor heads EA 154 $80 $12,320 
**Add control valves if pipes are found to be undersized EA 14 $750.00 $10,500 
**Control wire (includes trenching), contingent on pipe sizing LF 6,500 $5 $29,250 
**Connect control valves to lateral lines, contingent on pipe sizing EA 14 $50 $700 
**New mainline, if existing is less than 4 inches LF 1,700 $8 $13,600 
Landscape restoration SF 12,440 $2.00 $24,880 
**Additional landscape restoration, contingent on pipe sizing SF 13,000 $2.00 $26,000 
Design and Construction Contingency +/-10% LS 1   $3,590 
Design and Construction Contingency +/-10% LS 1   $13,955 

SUBTOTAL COST       $73,455 
**SUBTOTAL COST contingent upon pipe sizing       $153,505 

          
MARINA GREEN - CENTRAL PLANT STRIP         
Irrigation design including field review LS 1 $2,500 $2,500 
Add control valves to existing mainline EA 4 $750 $3,000 
Control wire (includes trenching) LF 1,600 $4.50 $7,200 
Connect to existing control valves  EA 4 $200 $800 
Add footer and header for each valve  LF 400 $2.50 $1,000 
Add dripline LF 21,000 $0.90 $18,900 
Vacuum relief valves EA 16 $40 $640 
Flush valves EA 16 $50 $800 
Landscape restoration SF 10,252 $2.00 $20,504 
Landscape plant substitution SF 30,879 $2.00 $61,758 
Design and Construction Contingency +/-10% LS 1   $11,710 

SUBTOTAL COST       $128,812 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $2,000 $2,000 
Repair work LS 1 $8,000 $8,000 
Metal tracing to find galvanized pipe connections. LS 1 $2,400 $2,400 

SUBTOTAL COST       $12,400 
          
GRAND TOTAL       $361,033 
GRAND TOTAL incl. CONTINGENT ITEMS       $433,752 
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PARK: MOSCONE RECREATION CENTER PARK 
 
LOCATION: CHESTNUT STREET AND BUCHANAN STREET 
 
TOTAL AREA: 13 Acres 
 
Park Description:  
 
Moscone Recreation Center Park is located in the Marina District of San Francisco. Formerly 
known as Funston Park, the park was renamed in honor of former Mayor George Moscone. The 
park site was once part of Lobos Square, an area of leveled dunes that served as a refugee 
campsite after the 1906 earthquake. A hodgepodge of wharves and industrial plants extended in 
this area from Laguna Street to Steiner Street in the early 1920’s. Today the relatively flat four-
block park offers a plethora of activities and is heavily used. The park has been a favorite for 
generations of San Franciscans. There are four baseball fields, four tennis courts, two basketball 
courts, an indoor gymnasium, two putting greens and a recently renovated children’s playground, 
one of the largest in the city. The park site also includes the Marina Branch Public Library.  
 
Existing Irrigation System: 
 
The current automatic irrigation system is estimated to be 30 years old. A much older galvanized 
pipe quick-coupler system (estimated to be 60-70 years old) is served/pressurized by a common 
mainline. Much of the galvanized pipeline was buried under 8 to12 feet of fill during 
construction of the baseball fields, making it very difficult to access. The pipe is corroded and is 
believed to have numerous leaks which go undetected. 
 
The automatic irrigation system has 3 controllers: one serves the ball fields and general park 
area, one serves the landscaped library area, and one serves the children’s playground. None of 
the controllers are compatible with flow sensors or rain sensors. A fourth, manual system also 
serves the children’s playground. 
 
Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System Water Conservation Improvements: 
 
• The galvanized pipe system should be abandoned immediately to avert continued water 

wastage.  
 

• The pressurized mainline water supply to the irrigation system may also be galvanized pipe. 
This should be confirmed immediately. If true, an entirely new PVC mainline should be 
installed. 
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Non-Pressurized Water Delivery System/Components Water Conservation Improvements: 
 
• New weather-based smart controllers compatible with flow sensors and rain sensors should 

be installed. Two controllers will be required, one for the library area system and one for the 
greater park area, incorporating the abandoned Solartrol controller system controller and 
valves.  
 

• Flow sensors and rain sensors should be installed. 
 

Potential Water Cost Savings for Moscone Recreation Center 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use at each park, as well as the estimated annual water savings.  

However, at Moscone Recreation Center the metered water use was determined to be an inexact 
measure of current water use. Water use recorded by the 4-inch meter, installed in 2008, is much 
lower than water use recorded in previous years. One possible explanation for this is that the 4-
inch meter is not correctly calibrated.  

Because of these discrepancies, the site assessment team concluded that the metered water use 
did not accurately reflect the actual water use for irrigating the entire park on a regular basis. For 
this reason, the current estimated water requirement for the park, based on park area, plant type, 
and ET scheduling, was used to establish a norm for projecting potential annual water and cost 
savings.  

In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available. Figures in italics indicate the 4-year average annual water use between 2005 and 
2008. Water meter records are included in the Appendix.  
 
Additional information for individual meters at Moscone Recreation Center: 
• The water meter for the library area at Moscone Recreation Center is mixed-use. Irrigation 

water use was extrapolated from total water use recorded by the meter. 
 

• For the 4-inch meter, the water use during 2006 and 2007 (9,408 and 11,477 CFF per year) 
was much higher than the most recent 12-month period (4781 CCF.) The 4-year average 
annual water use (9,272 CCF) calculates to an annual savings of 1,120 CCF, or $4, 357.00. 
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More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 

Moscone Recreation Center Park 

Water Use Data 
Source/ Time 
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         Metered 1-Yr 
Total 

9 3,576,188 6,097,696 -2,521,508 -$12,608 -280,168 -$1,401 -70.51% 

Metered 4-Yr 
Avg. 

9 6,935,456 6,097,696 837,760 $4,189 93,084 $465 12.08% 

Norm-Estimated 

 
9 8,747,860 6,097,696 2,650,164 $13,251 294,463 $1,472 30.29% 
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WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER(S) 
 
The existing irrigation system is served by: 2 meters 
PUC Meter #:  T0031930045 
Meter Size:    4” 
• For the 4-inch meter, the water use during 2006 and 2007 

(9,408 and 11,477 CFF per year) was much higher than the 
most recent 12-month period (4781 CCF.) The 4” meter was 
recently installed in 2008 and is probably not calibrated 
correctly and thus recording water flows incorrectly. 
 

PUC Meter #: T0060193659 
Meter Size:    1.5” 

 
 
 
 
 
 

• Calibrate the 4”meter to 
accurately record water flow. 

The Library Area (a newer irrigation system) is served by a 
second water meter. 
 

 

WATER PRESSURE AND REGULATING 
 
The recorded water pressure at the meter(s): 68 PSI. 
A booster pump is served by a 1-1/2” pipe from the backflow 
prevention device. On-site plans do not show design flow rates or 
pump data, thus the pump capacity and overall flow demand is 
not available for evaluation. 
• The small piping size of this connection has the potential to 

restrict the pump fill/recovery time, especially if controllers 
are running concurrently. 

 
 
 
 
 
 
 

• When the mainline is 
upgraded, the booster pump 
should be evaluated and its 
capabilities considered in 
conjunction with operational 
requirements of the renovated 
system. The reported system 
pressure of 68 PSI should be 
adequate. 
 

• If it is decided to keep the 
booster pump, a larger pipe 
connection should be installed 
to ensure optimal booster 
pump operation. 
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PRESSURIZED PIPING (MAINLINE & QUICK-COUPLER) 
 
The park section supervisor reported that the system mainline, 
associated valves and the galvanized quick-coupler irrigation 
system had been buried 8 to 12 feet deep when the park was 
graded to construct the baseball fields.  
 
In addition, during construction of the recreation center the 
mainline was cut and repaired. Debris apparently remains in the 
pipes and seems to be causing many of the system valves to jam 
and leak. 
• The location of many valves is unknown and/or buried so 

deeply that repair or replacement is difficult. 
• Leaks on the deeply buried mainline are difficult to detect or 

repair.  
 

 
 

• Abandon the old galvanized 
quick-coupler irrigation 
system and galvanized 
mainline.  
 

• Install a new PVC irrigation 
mainline to replace the 
deteriorating pipes. 
 

• Flush the irrigation system to 
address the problem of debris 
in the mainline that is causing 
chronic leakage at valves.  

LEAKS 

The park section supervisor reported that there is currently an 
inaccessible leak in the mainline estimated to be 8 feet below one 
of the tennis courts. 

 
• A new mainline should be 

installed to correct known 
leaks and avert future 
deteriorated pipe leaks (see 
recommendation above under 
Pressurized Piping.) 

CONTROL VALVES 
 
Functionality 
Valves located down line from Moscone Recreation Center are 
leaking, apparently due to debris that entered the mainline during 
construction of the recreation center. 
• Many valves have been repaired or replaced several times and 

still leak. Clearing debris from the existing mainline would 
require cutting and capping the line at each valve and flushing 
the line. Even with this procedure, there is no guarantee that 
valves would stop leaking. 

 

 
 
 
 
 
 
• All valves should be 

reconnected to a new 
mainline. All valves should be 
cleaned, inspected, and/or 
replaced as necessary. Some 
valve locations are not known 
and maybe impossible to 
locate for reuse. (See the 
Distribution Uniformity 
section for information on 
valve placement.).  
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IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
The existing park irrigation system is served by three automated 
controllers. 
 (Note: there is also a system controlled with manual valves, 
serving the children’s playground area.) 
Make and Model: Hunter ICC Controller  
Controller serves: Ball Fields & General Park Area  
Location:  Baseball diamond bleachers.  
Age:  Unknown 
Capabilities:   Not flow/rain sensor compatible 

 
 
 
 

• Install two weather-based 
smart controllers equipped 
with flow and rain sensors, 
and compatible with a central 
control system in case such a 
system is installed in the 
future. 

Make and Model: Hunter ICC Controller  
Controller serves: New library area  
Location:  Library 
Age:  Unknown 
Capabilities:  Not flow/rain sensors compatible 

 

Make and Model: DIG Solartrol Controller 
Controller serves: Children’s Playground -operates a 4 valve 

system 
Location:  Near play structure 
Age:  Unknown 
Capabilities:  Not flow/rain sensor compatible 
• The DIG Solartrol controller does not operate consistently 

when turned on, and is reported to operate at times when 
turned off for winter. An operation manual was not available 
on site and park personnel are not familiar with some 
functions of the controller. The controller location, partially 
shaded by a tree, may be contributing to the operational 
problems.  

 
 
 
 
 
 

• Abandon solar controller and 
connect valves to one of the 
new weather-based smart 
controllers. 
 

IRRIGATION SCHEDULE 
 

• Irrigation during dry months is scheduled to run every day 
from 11PM to 3:45 AM for the fields, and from 4 AM to 6 
AM for the library and children’s play area. 

• The irrigation scheduled is reduced during rainy months.  

 
 

• Irrigation for turf should be 
limited to every other day 
during dry months and every 
third day during wetter spring 
months.  
Irrigation for other plantings 
should be reduced in 
accordance with specific plant 
and soil needs. 
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WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED  

 

LATERAL SYSTEM  
 
Each existing valve zone lateral system will need to be 
reconnected to a new or relocated valve. 

 
 

• Irrigation zones should be 
mapped to identify the best 
central points for reconnecting 
to valves.  

 
DISTRIBUTION UNIFORMITY 
 
Ball Field Controller Stations 
Head Layout & Spacing 
The heads on valves #1, #2, #4 and #7 have irregular spacing 
with marginal coverage.  
• Inadequate coverage has resulted in large dry areas of turf. 

 
 
 

 
 
 
 
 
 
• The ball field irrigation head 

layout should be redesigned, 
incorporating water 
conservation best practices. 

 • Valves should be relocated to 
optimize head-to-head 
coverage in the new layout. 

• Head spacing should be 
adjusted as follows: Every 
head in the field should be 
flagged and the distance 
between adjacent heads 
measured and recorded. Head 
locations should then be 
moved to equalize spacing. 

• Additional heads with similar 
precipitation rates could be 
added to valves that currently 
have fewer heads, if necessary 
to provide head-to-head 
coverage. 

Valve #3 has adequate coverage but the covered area is very wet.  
• The area covered by valve #3 also gets some runoff from the 

adjoining area covered by valve #9.  

 

Areas covered by Valves #6, #12, #15 and #16 have wet and dry 
areas, although the sprinklers are spaced evenly and there is 
adequate coverage. 
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• The variations in moisture appear to be caused more by 
inconsistencies in soil type than by inefficient irrigation. 

 

 

Sunken and Blocked Heads 
Valves #1 and #2 have several old Thompson heads, which have 
a short pop-up height of approximately 1 inch and are very heavy.  
• The heavy heads tend to sink into the ground over time. Many 

of these sunken heads are overgrown by grass, which further 
inhibits their performance. 

 

 
 
 
• Replace Thompson heads 

with more efficient rotor 
heads that have 3-to-5-inch 
pop-up heights. 

Valves #17 and #18 have blocked spray heads. 
• The spray heads are blocked by the sycamore trees and other 

obstructions. 
 

 

Coverage and Overspray 
Valves #17 and #18 water the narrow strip of turf between the 
sidewalk and street and have excessive overspray on the adjacent 
areas.  
• Overhead irrigation is an inefficient way to water narrow 

planting strips. The situation is exacerbated when watering 
turf, which needs frequent watering.  

 
 
 
 

• Convert the narrow planting 
strip to gravel to reduce the 
need for irrigation. 

Valves #1 and #2 along Bay street have two heads shooting 
towards the street and spraying onto the sidewalk and street.  

• Adjust the spray heads along 
Bay Street to prevent 
overspray. 

Children’s Play Area Controller Stations 
Broken Heads 
Turf heads in the children’s play area are regularly found broken. 
• The valve to this area is shut off and watering is being done 

manually. 

 
 
 

• Provide regular maintenance 
to heads in play area to ensure 
operation. Consider a more 
resilient design solution.  

Library Area 
Missing, Broken and Sunken Heads 
Valves #9 and #10 each have one buried head. 
• All heads are needed for proper head-to-head coverage. 

 
 
 
• Raise the buried heads.  

Valve #11 waters climate-appropriate low-water-use plants in 
three circular planters at entrance area of library. One head is 
missing in two of the three circular planters.  
• Heads are needed for proper coverage. 

 
 
 

• Evaluate head layout, and 
install additional heads to 
provide adequate coverage. 
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PLANTINGS AND SOILS 
 

 

EXISTING PLANT TYPES AND WATER NEEDS 
 
• Active Use Lawn: 5 acres, or 38% of the total park area. 
• Passive Use Lawn: 0.6 acres, or 4.5% of the total park area.  
• Newly established lower-water-use plantings, no-mow grass 

and native grasses: 0.3 acres (11,592 square feet). 
• Putting Green: 1 acre, or 7.5% of the total park area. 
• Other landscape plantings: Cypress, Palm and Pine trees, 

Coprosma, Pittosporum, Rhododendrons, Griselinia and Flax: 
approximately 1.7 acres. 
 

Water use savings can be achieved by converting turf area under 
the established trees to climate-appropriate low-water-use plants. 

 
 

• Climate-appropriate low-
water-use plantings are 
recommended for the 
following areas: 
o Area under established 
trees, potential conversion to 
climate appropriate low 
water use plants: 1.7 acres 
(74,404 square feet)  
Area for conversion to 
gravel: 1,150 square feet 
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Moscone Recreation Center 
Quantity and Cost Estimate 

LANDSCAPE & IRRIGATION RENOVATION 
ITEM UNIT QUANTITY UNIT COST COST 

RENOVATION OF SPORTS FIELD         
Install Lateral Line LF 3,000 $3 $9,000 
Moving head locations (trenching) HRS 24 $75 $1,800 
Installing pipe, riser assemblies and flushing system HRS 16 $140 $2,240 
Furnish and install rotor heads EA 50 $80 $4,000 
Design and Construction Contingency +/-10% LS 1 $2,450 $2,450 

SUBTOTAL COST       $10,490 
          

RENOVATION-NORTH HALF OF PARK         
Irrigation design LS 1 $10,000 $10,000 
Install new Mainline LF 3,500 $8 $28,000 
Add control valves to new mainline EA 23 $450 $10,350 
Connect new control valves to lateral lines EA 23 $50 $1,150 
Control wire (includes trenching) LF 1,600 $4.50 $7,200 
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 200 $2.80 $560 
Furnish and install rain sensor on stadium LS 1 $600 $600 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Connect to backflow prevention device LS 1 $700 $700 
Design and Construction Contingency +/-10% LS 1 $6,540 $6,540 

SUBTOTAL COST       $72,100 
          

LIBRARY         
Furnish and install upgraded controller at Library LS 1 $5,000 $5,000 
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 200 $2.80 $560 
Furnish and install rain sensor on library roof EA 1 $600 $600 
Design and Construction Contingency +/-10% LS 1 $760 $760 

SUBTOTAL COST       $8,920 
          

Landscape Restoration SF 27,500 $2.50 $68,750 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $2,000 $2,000 
Repair work LS 1 $4,000 $4,000 
Wire tracing to locate buried valves LS 1 $1,200 $1,200 

SUBTOTAL COST       $7,200 
          
GRAND TOTAL       $160,260 
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PARK: OCEAN VIEW PLAYGROUND 
 
LOCATION: Plymouth / Montana Street 
 
TOTAL AREA: Approximately 11 Acres (including new Recreation Center) 
 
Ocean View Playground is a neighborhood park located in southern San Francisco, south of the 
Ingleside neighborhood. The park occupies two city blocks, and includes two baseball fields, a 
soccer field, two tennis courts, a basketball court, and a small play structure. The park offers 
views of Daly City and the Pacific Ocean. 
 
The park also includes the Minnie and Lovie Ward Recreation Center, a new recreation center 
for the community. As part of the recreation center improvements, the children’s play area, entry 
plaza, picnic and barbeque areas were renovated. 
 
Existing Irrigation System: 
 
This site has two independent irrigation systems, each with its own controller and water meter. 
One system serves the planting area around the new recreation center, and the other serves the 
baseball and soccer fields and the remainder of the park. Each system has a Hunter ICC 
controller with 24 stations. Irrigation is scheduled to take place every day during dry months. 
The schedule is reduced during wet months. 
 
The automatic irrigation system for the recreation center is around one year old. The system and 
its pressurized water supply are in good working condition. 

The automatic irrigation system for the sports fields is approximately 30 years old. This system 
has a multitude of problems, including low water pressure (65 PSI), sunken heads, heads with 
mismatched precipitation rates, broken and clogged lines, and buried valves. The pressurized 
water supply is a combined system, serving the 30-year-old system as well as a much older 
galvanized quick-coupler line (estimated to be 60 to 70 years old.) 

 

Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System Water Conservation Improvements: 
 

• The galvanized-pipe quick-coupler system should be disconnected from the existing 
pressurized supply mainline. The galvanized system is antiquated and vulnerable to 
severe leaks. 

• The static pressure of 65 PSI is a marginal pressure to run rotor heads. A booster pump 
should be installed to increase pressure. 
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Non-Pressurized Water Delivery System/Components Water Conservation Improvements: 
 

• A renovated, more efficient automatic irrigation system for the sports fields should be 
installed. 

• The irrigation schedule should be adjusted to avoid over-watering.  
 

Potential Water Cost Savings for Ocean View Playground 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use at each park, as well as the estimated annual water savings.  

However, at Ocean View Playground the metered water use was determined to be an inexact 
measure of current water use. There are several possible explanations for this: 

• Low water pressure may have led to low water use.  

• Irrigation run times may have been reduced because of spray blockages, so less water 
was being applied than was needed to maintain the park. 

For these reasons, the team also calculated the current estimated water requirement for the park, 
based on park area, plant type, and ET scheduling, to establish a norm for projecting potential 
annual water and cost savings.  

In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available. Figures in italics indicate the 4-year average annual water use between 2005 and 
2008. Water meter records are included in the Appendix.  
 
Additional information for individual meters at Ocean View Playground: 
 
• The water records indicate higher water use for the sports field for the last two summers for 

reasons unknown. For the 4-year average, metered data was available only for the sports field 
area as the recreation center was under construction. The Estimated Water Use after proposed 
improvements for the 4-year average water use has been adjusted to reflect the area in use at 
that time.  

• For the upper-level planting area around the recreation center, only 2009 records were used. 
The 2008 numbers were higher, likely due to plant establishment. The metered water use for 
the upper-level planting area around the recreation center was reduced to discount this extra 
water used for the new landscaping. 
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More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 
 
Ocean View Playground 
 

Water Use Data 
Source/ Time 
Period 
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Metered 1-Yr 

Total 
7.69 6,247,296 5,052,740 1,194,556 $3,584 155,339 $466 19.12% 

Metered 4-Yr 
Avg. 

7.69 3,329,348 5,052,740 -1,723,392 -$5,170 -224,108 -$672 -51.76% 

Norm-Estimated 

 
7.69 6,136,592 5,052,740 1,083,852 $3,252 140,943 $423 17.66% 

 
 
 



2–140 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

 

 

 

SITE OBSERVATION & ASSESSMENT, July 31st 2009 RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER(S) 
 
The existing irrigation system is served by 2 sets of meters: 
PUC Meter #:  T0060315344 
Meter Quantity & Size:  (4 manifold) 2”  
Water Pressure at Meter:  65 PSI 
 
PUC Meter #:  60451861  
     (Serves new/2007 irrigation) 
Meter Quantity & Size: (1) 2” 
Water Pressure at Meter:  107 PSI 
 

 

WATER PRESSURE AND REGULATING 
 
The static water pressure for the system operating the sports fields 
was 65 PSI at the city main. 
• Many of the valve zones operating rotor heads on the 

irrigation system at the sports fields are not operating 
effectively at 65 PSI.  

• The caretaker substantiated that when two valves need to run 
concurrently, the rotor heads do not operate effectively. 
 

 
 

 
 

• Install a booster pump to 
improve pressure in the 
irrigation stations. 

PRESSURIZED PIPING (MAINLINE & QUICK-COUPLER) 
 
This site has two independent irrigation systems, each with its 
own pressurized water source.  
The pressurized mainline for the new irrigation system (1 to 2 
years old) around the recreation center is in good condition. 
 
The pressurized mainline for the older system serving the sports 
fields (around 30 years old) is also connected to a galvanized 
quick-coupler supply line (estimated to be 60-70 years old.) This 
mainline has water pressure of 65 PSI. The galvanized system is 
vulnerable to leaks that may be contributing to the low water 
pressure.  

 
 
 
 
  
 
 
• Disconnect the galvanized 

pipe quick-coupler system  
from the newer irrigation 
system and abandon it as soon 
as possible. 

CONTROL VALVES 
 
Soccer and Baseball Fields 
The system serving the sports fields is reported to have buried 
valves.  
Ten valves water the two sports fields. The baseball infields are 
watered manually. 

 
 
 

• Locate buried control valves 
using a wire tracer. 
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SITE OBSERVATION & ASSESSMENT, July 31st 2009 RECOMMENDATIONS 

New Planting at Recreation Center Building 
Turf and low-water-use plants are watered on the same valve. 
 

• Install additional valves to 
enable separate irrigation for 
turf and low-water-use 
plantings. 
 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
Make and Model: (2)24-station Hunter ICC Controllers 
Age:  1 Year 
Capabilities:  Not compatible with flow or rain sensors. 
Controller I serves: Upper-Level Recreation Center Landscape 
Location:   Controller I is located in the upper-level
   maintenance room. 
Controller II serves: Lower-Level sports fields 
Location:   Controller II is located in the lower-level
   maintenance room. 
Note: The controllers are located in the recreation center building, 
which is surrounded with hardscape. There should be a conduit to 
this building carrying control wires from the field to the 
controllers. If this conduit cannot be located, or is not of sufficient 
size to pull additional wires for the flow sensors and new valves 
(four wires for the new system and six wires for the athletic field), 
a new conduit will be required for this installation. 
 

 
• Install two new weather-

based smart controllers. New 
controllers should be 
compatible with a central 
control system, in case such a 
system is installed in the 
future (for more information, 
see Central Control Systems, 
in the Irrigation section under 
General Recommendations.) 

• Install a flow sensor and 
master valve for each 
irrigation system. 

• Install a rain sensor for each 
controller. 
 

IRRIGATION SCHEDULE 
 
Turf and climate-appropriate low-water-use plantings are irrigated 
on the same program.  During dry months, irrigation takes place 
every day. The irrigation schedule is reduced during rainy 
months.  
• Daily irrigation is excessive for most conditions, and leads to 

water wastage, soil compaction and common pest and disease 
problems. 

• Climate-appropriate low-water-use plants appear to be well 
established and should require very little irrigation.  
 

 
 
 
 
 
 

• Reset irrigation controllers to 
be compatible with plant 
needs: 
Turf should be irrigated every 
other day or three days per 
week during the driest months 
and less during the wetter 
months.  
The climate-appropriate low-
water-use plants should be 
irrigated no more than once 
every one to two weeks.  
 



2–142 San Francisco PUC and RPD Parks Water Conservation Plan Report 
 

 

 

SITE OBSERVATION & ASSESSMENT, July 31st 2009 RECOMMENDATIONS 

WATER DELIVERY SYSTEM/COMPONENTS: 
NON-PRESSURIZED  

 

DISTRIBUTION UNIFORMITY 
 
Soccer and Baseball Fields 
Head Layout & Spacing 
• The heads are erratically spaced, varying from 50 to 60 feet or 

more with no head-to-head coverage, resulting in sparsely 
irrigated dry areas on the field.  

 
 

 
 

 
 

• Every other row of east-west 
row of heads should be 
replaced with two rows of full 
heads, to reduce head spacing 
to approximately 40 feet. 

 • Increasing the density of 
heads will ensure that more 
water actually reaches the 
target turf.  

• Locate all heads and 
reposition to equalize spacing, 
adding new heads and valves 
to achieve complete coverage 
and more uniform application 
rates. 

• A head is missing on valve #6.  
 

• Add a head to valve #6. 

Mismatched Nozzles and Heads 
The heads do not have matched precipitation rates within each 
valve and circuit. Most of the Thompson heads have been 
replaced with Hunter heads. The replaced heads also have nozzles 
with different flow rates, which further aggravate the problem. 

• Mismatched precipitation and flow rates impact the 
uniform distribution of water and result in ineffective 
coverage, with some areas of the turf dry and patchy. 

 
 
 
 
 

• Make sure that all heads have 
matching precipitation rates 
and all nozzles have matching 
flow rates. 

Upper Level Recreation Center Area 
Head Layout, Spacing, and Blocked Heads 
On valves #1 and #2, a few heads are not operating at full throw. 
• This indicates blockage in the pipe or head or inadequate pipe 

sizing. 
 

 
 
 

• On valves #1 and #2, remove 
blocked heads, flush the line, 
and clean or replace the 
sprinkler head. 

Valves #3 through #12 irrigate climate-appropriate low-water-use 
plantings.  
 
 
 

 

• Monitor the blocked plants for 
signs of stress. If necessary, 
prune back the plants that are 
blocking the spray, to enable 
water to reach the other 
plants.  
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SITE OBSERVATION & ASSESSMENT, July 31st 2009 RECOMMENDATIONS 

Valve #9 is a drip system watering trees (a good practice for deep 
root watering of trees.)  
Some areas have sparse spacing of sprinkler heads and other areas 
have spray heads that are blocked by plantings.  
• Twelve-inch pop-ups were installed but are not effective now 

that the plantings are taller than the pop-ups in many areas. 
 

 

Overspray 
Valve #7 has excessive overspray onto the road. 
 
 
 

 
• Adjust the spray arcs on valve 

#7 as appropriate. 
 

Mismatched Nozzles and Heads 
Valve #4 has a full spray head in a lower corner of the planting 
bed, leading to overspray. 
 

 
• Change the full-spray head on 

valve #4 to a quarter arc. 

Hydrozoning 
Valve #1 irrigates a turf area. Valves #2 and #11 irrigate both turf 
and climate appropriate low water use plants.  
 
It appears that zone #11 was originally intended to be a climate-
appropriate low-water-use planting area, as it is irrigated with 
twelve-inch pop-ups.  
 
• Turf and low-water-use plantings should be irrigated and 

scheduled independently to meet the specific needs of each. 

 
 
 
 
 
 
 
 

• Install additional valves to 
enable separate irrigation 
schedules.  
 

PLANTINGS AND SOILS  
EXISTING PLANT TYPES AND WATER NEEDS 
 
The most prevalent plant species existing on site are: 
• Active use lawn: 5.6 acres, or 51% of total area. 
• Passive use lawn: 0.5 acres,or 4.5% of total area. 
• Climate appropriate plants: 1.57 acres, or 14% of total area. 

 

 
 
 

• No plant substitution is 
recommended.  
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Ocean View Playground 
Quantity and Cost Estimate 

LANDSCAPE & IRRIGATION RENOVATION 
     ITEM UNIT QUANTITY UNIT COST COST 

REPLACE/RENOVATE WATER SUPPLY SYSTEM         
Furnish and install booster pump LS 1 $7,500 $7,500 
Design and Construction Contingency +/-10% LS 1   $750 

SUBTOTAL COST       $8,250 
          

REPLACE/UPGRADE CONTROLLER -NEW 
RECREATION BLDG.          

Furnish and install rain sensor on maintenance building LS 1 $600 $600 
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 400 $2.80 $1,120 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1   $872 

SUBTOTAL COST       $9,592 
          

REPLACE/UPGRADE CONTROLLER -SPORTS FIELD          
Furnish and install rain sensor on maintenance building LS 1 $600 $600 
Furnish and install flow sensor & master valve EA 1 $2,000 $2,000 
Control wire - flow sensor to master valve to controller LF 400 $2.80 $1,120 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1   $872 

SUBTOTAL COST       $9,592 
          

RENOVATION OF SPORTS FIELD         
Irrigation design and review LS 1 $10,000 $10,000 
Install lateral line (9 rows @ 450 LF EA) LF 4,050 $2.50 $10,125 
Adjust head locations in vicinity of infield LS 1 $3,000 $3,000 
Replace and relocate old, broken or sunken rotor heads LS 1 $5,000 $5,000 
Furnish and install rotor heads EA 90 $80.00 $7,200 
Add control valves to existing mainline EA 5 $750 $3,750 
Connect new control valves to lateral lines EA 5 $50 $250 
Control wire (includes trenching) LF 550 $4.50 $2,475 
Design and Construction Contingency +/-10% LS 1   $4,180 

SUBTOTAL COST       $45,980 
          

Landscape Restoration SF 10,800 $2.50 $27,000 
Design and Construction Contingency +/-10% LS 1   $2,700 

SUBTOTAL COST       $29,700 
          
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $2,000 $2,000 
Repair work LS 1 $6,000 $6,000 
Wire tracing to locate buried valves LS 1 $600 $600 

SUBTOTAL COST       $8,600 
          
GRAND TOTAL       $93,872 
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PARK: WEST SUNSET PLAYGROUND 
 
LOCATION: Ortega / 39th Avenue 
 
TOTAL AREA: 14.5 Acres 
 
West Sunset is a neighborhood park in the outer Sunset District of San Francisco. The bi-level 
park is next to the Ortega Branch Library, Giannini Middle School, and Sunset Elementary 
School.  It is a heavily used park and is a hub for children in the Sunset district. 
 
The park has multiple playing fields – a softball diamond, two baseball diamonds, and a large 
turf area for soccer and other field sports, as well as tennis courts and a basketball court. It has a 
children’s playground and a concrete court that is sometimes used for scootering and 
rollerblading. 
 
The park offers spectacular views to the Pacific Ocean from the upper portion where the soccer 
fields, softball field, tennis courts, and children’s playground are located. The park is very windy 
most of the time due to the strong southwest wind off of the ocean.  
 
Existing Irrigation System: 
 
The park has two separate automatic irrigation systems, one for the soccer turf area and the other 
for the softball and baseball diamonds. The library landscaping and children’s play area are 
irrigated using a manually operated system.  
 
The irrigation systems are in good condition, with no maintenance issues. The main irrigation 
line has been updated within the past 10 years, and has no leaks or corrosion. There are no 
unidentified valve locations.  
 
The most critical issue with the irrigation system design is that it does not compensate for the 
wind, and head spacing is too wide to provide adequate coverage. As a result, portions of the 
park are overwatered to compensate, and other portions are dry from under watering.  
 
Summary Recommendations for Water Conservation Improvements 
 
Pressurized Water Supply System and Non-Pressurized Water Delivery 
System/Components Improvements: 
 

• The irrigation head layout should be redesigned to compensate for the wind issues. 
• Controllers and irrigation equipment should be upgraded and retrofitted with rain and 

flow sensors. 
• The irrigation schedule should be reprogrammed based on the new layout, with regard for 

climate and soil conditions.  
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Potential Water Cost Savings for West Sunset Playground 
 
Metered water use as recorded by SFPUC meter records was used as the baseline for determining 
current water use at each park, as well as the estimated annual water savings.   

However, at West Sunset Playground the metered water use was determined to be an inexact 
measure of current water use.  There are several possible explanations for this: 

• The 6-inch meter may be too large to accurately record smaller flows, or may not be 
correctly calibrated.   

• Irrigation run times had been reduced because of spray blockages, so less water was 
being applied than was needed to maintain the park. 

For this reason, the team also calculated the current estimated water requirement for the park, 
based on park area, plant type, and ET scheduling, to establish a norm for projecting potential 
annual water and cost savings.   

In the table below, Metered Water Use indicates the annual water use indicated by meter 
readings for the 12-month period from September 2008 through August 2009, the most recent 
data available.  Figures in italics indicate the 4-year average annual water use between 2005 and 
2008.  Water meter records are included in the Appendix.   

Additional information for individual meters at West Sunset Playground: 

• The water meter for the library area (one of the 2-inch meters on the manifold) is mixed-use, 
combining irrigation and domestic use (restrooms and so on.)  Average monthly domestic 
water use was subtracted from total metered water use to determine irrigation water use. The 
winter use varied significantly.  The low winter use in 2009 made the irrigation water use for 
that meter appear higher for that year.   

• The last seven months for the third meter (the 6-inch meter) had no recorded use so the use 
for that time period was prorated using the average use of prior years.   
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More information about the data presented, can be found in Table 2: Potential Water Cost 
Savings, in Project Description and Objectives. 

West Sunset Playground: 
 

Water Use Data 
Source/ Time 
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Metered 1-Yr 

Total 
12.7 7,707,392 9,216,856 -1,509,464 -$6,038 -118,855 -$475 -19.58% 

Metered 4-Yr 
Avg. 

12.7 6,451,500 9,216,856 -2,765,356 -$11,061 -217,745 -$871 -42.86% 

Norm-Estimated 

 
12.7 11,513,216 9,216,856 2,296,360 $9,185 180,816 $723 19.95% 
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SITE OBSERVATION & ASSESSMENT, Aug 6th 2009 RECOMMENDATIONS 

WATER SUPPLY SYSTEM: 
PRESSURIZED  

 

METER(S) 
 
The existing irrigation system is served by: 5 meters 
PUC Meter #: T0031897551 
Meter Quantity & Size: (4) manifold 2” 
 
PUC Meter #: H005669199 
Meter Quantity & Size: (1) 6” 
• The last seven months for the 6-inch meter had no recorded 

use as the meter has a broken dial. The meter is probably too 
large to record small flows or leaks. 
 

 
 
 
 
 
 
 
 

• Fix the broken dial on the 
meter.  

WATER PRESSURE AND REGULATING 
 
The record water pressure at the meter(s): 45 and 133 PSI (Fed by 
two different reservoirs/pressure zones along Quintara St.) 
 

 
 
 

PRESSURIZED PIPING (MAINLINE & QUICK-COUPLER) 
CONTROL VALVES 
 
Functionality 
Valve #1 for the softball field closes very slowly. 

 
 
 
 
• Valve #1 for the softball field 

should be repaired or replaced. 
Valve #7 on the baseball field has a bad solenoid and doesn’t turn 
on. The gophers have also chewed through the wires to some 
valves. 
• The valves with the cut wires must be turned on manually to 

irrigate. 

 
 
 

• Install gopher-proof wires to 
replace the cut wires on valve #7. 

On the slope along the south side of the baseball fields, the trees 
and shrubs are mature so the area is no longer watered (valve 
#11). 
 

 

IRRIGATION SYSTEM CONTROL 
 

 

CONTROLLER(S) 
 
This playground has two separate control systems, each with its 
own water meter. One system irrigates the softball and baseball 
fields, and the other system irrigates the soccer field.  
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SITE OBSERVATION & ASSESSMENT, Aug 6th 2009 RECOMMENDATIONS 

Make and Model: (1) 16-Station Hunter ICC Controller 
Ten of the sixteen stations are used: three 
for the upper softball field and seven for 
the lower baseball fields. 

Location:  The controller for the softball and baseball 
fields is located in the maintenance room in 
the structure behind the softball field 
bleachers. 

Age: Installed after 2004, exact age unknown 
Capabilities: The existing Hunter ICC controller is not 

compatible with flow sensors. 
 

• There should be a conduit to 
maintenance room, with wires 
running from the field to the 
controller.  

• If this conduit cannot be 
located, or is not of sufficient 
size to install additional wires 
for the flow sensors and new 
valves (six wires in all), a new 
conduit should be installed. 

Make and Model: (2) 24-Station Griswold Prompter 
Controllers 

Location:  The controllers for the soccer fields are 
located across 39th Ave, along Quintara 
Street in an enclosure next to the backflow 
prevention device. 

Age: Around 25 years old 
Capabilities: The existing Griswold controllers are not 

compatible with flow sensors. 

• Replace all the controllers 
with weather-based smart 
controllers compatible with 
flow and rain sensors. 

• Install new flow sensors with 
master valves and new rain 
sensors for each controller. 

There is a manually operated irrigation system for small planting 
beds around the library and children’s play area. 

• Renovations have already 
been planned for this area.  
Refer to General 
Recommendations for 
planting design guidelines.  A 
weather based smart irrigation 
controller compatible with 
future central control, rain and 
flow sensors is recommended. 

IRRIGATION SCHEDULE 
 
The irrigation is scheduled to run 4 days a week at 1:00 AM. The 
stations for the ball fields are run for 7 minutes except during the 
rainy season.  The gardener stated that he runs the manual system 
once or twice a week and does a sprinkler check once every two 
weeks. 
• Low-water-use plants need water for establishment for the 

first 2 summers. After establishment, irrigation should be 
reduced. 
 
 
 

 
 
 
 
 
 
 
• Water for turf should be 

applied less frequently 
approximately 2-3 days per 
week, with increased watering 
times, approximately 15 
minutes. 
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• Low-water-use plants should 
be irrigated once a week or 
once every two weeks, and 
less once plants are 
established. Once a controller 
is installed, irrigation should 
occur at night. 
 

WATER DELIVERY SYSTEM COMPONENTS: 
NON-PRESSURIZED 

 

DISTRIBUTION UNIFORMITY 
 
Soccer Fields 
The irrigation system for the soccer fields could not be turned on 
during the site assessment, due to a soccer clinic and tournament 
that required newly-marked fields. 
 

 
 
 
 

 

Head Layout & Spacing 
Most of the turf at the western edge of the soccer fields is very 
dry or dead. 
• There are no sprinkler heads targeting the western edge of the 

field. The caretaker pointed out that the sloped area at the 
western edge of the soccer fields (separating the soccer fields 
and baseball fields) contains established trees and shrubs and 
is no longer watered.  

 
 
 
• New heads should be added to 

the western side of the field.  
 
 
 

• Therefore, the valve for that section is currently unused and 
could be repurposed to irrigate the soccer fields. 

• The unused valve currently 
targeting the drought-tolerant 
slope plantings should be used 
to target the soccer fields. 

The head spacing in the north-south direction is about 60 feet, and 
in the east-west direction is about 50 feet. 
• There is an obvious pattern of dry areas created by the wind 

as a result of head spacing. The caretaker stated that he 
applies additional irrigation during the day when fields are not 
being used, to compensate for the areas left dry due to wind. 

 

 
 

• The irrigation system layout 
should be redesigned with 
closer heads, to compensate 
for the coverage currently lost 
due to wind.  
 

• Rows of heads can be added 
to reduce spacing to 
approximately 40 feet.  
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 • This can be accomplished by 
replacing every other row with 
2 rows. This will have the 
effect of 4 rows of heads 
watering the same area that is 
now watered by 3 rows. 

There are now 5 valves irrigating the slope along the eastern edge 
of the soccer fields, which is currently planted with low-water-use 
plantings. 
• These plants will not require irrigation once established. 

 
 
 

• These valves can be 
abandoned once the low-
water-use planting is 
established. 

Water drains from the heads at the lowest elevations on these 5 
valves each time the valves are turned off. 
• The heads at the lowest elevation need check valves. 

 
 

• Install check valves on the 
heads at the lowest elevation 
along the eastern edge of the 
soccer fields. 

Softball Field 
Head Layout & Spacing, Broken Heads 
For the 3 valves watering the upper softball field, the heads 
spacing is irregular and there is no head-to-head coverage. 
• As a result there are several dry spots. 
 

 
 
 

 
• Every head in the field should 

be flagged, and the distance to 
adjacent heads measured and 
recorded. Head locations 
should then be changed to 
equalize spacing as much as 
possible. Additional heads 
could be added to those 
valves that currently have 
fewer heads if necessary, to 
achieve sufficient coverage. 

•  New heads should have 
matching precipitation rates to 
existing heads. 

There is a broken head on valve #3, and a non-functioning head 
on valve #2. 
• There is inadequate coverage around these heads, resulting in 

dry spots. 

 
 

• Replace the broken and non-
functional heads on valve #2 
and valve #3 with new heads. 
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 New heads should have 
similar precipitation rates to 
the existing heads. 

Baseball Fields 
Head Layout and Spacing, Broken Heads 
For the 7 valves at the baseball fields, the head spacing is too far 
apart, and there is no head-to-head coverage. The layout and 
spacing does not compensate for the winds. 
• As a result there are several dry spots throughout the baseball 

fields. 
 

 
 
 
 
 

• Every head in the baseball 
fields should be flagged and 
the distance to adjacent heads 
measured and recorded, as 
described for the softball 
field. Head spacing should be 
adjusted to compensate for the 
effects of wind. 

There is a missing head on valve #4. 
• As a result there is inadequate coverage and a dry patch. 

 
• Replace the missing head on 

valve #4. 
Library 
The manual irrigation applied to the shrub plantings is providing 
adequate coverage. 
The turf has dry areas at the curved ends and at the corner. 
• These areas receive less irrigation than the rest of the turf 

area, due to the system layout. These areas are also subject to 
heavier foot traffic. 

 

 
 
 
 

• Additional heads should be 
installed in the turf area to 
achieve adequate coverage. 
Care should be taken to avoid 
placing new heads near 
corners of turf areas, as these 
heads get broken by foot 
traffic. 

The small planters in the plaza have no automated irrigation and 
receive no manual irrigation. The former turf area around the play 
structure is now paved in sand, and the irrigation system is no 
longer used. 
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PLANTINGS AND SOILS  

EXISTING PLANTING TYPES AND WATER NEEDS 
 
The most prevalent plant species in biomass or species population 
existing on site are: 
• Turf: Approximately 12.25 acres or 95% of the total planted 

area. 
• Drought tolerant plants, with cotoneaster, leptospermum, and 

others: 0.5 acres or 5% of the total planted area. 
 

 
 
 
 
• Almost all turf areas are  

devoted to active play. 
• Eventual conversion of the 

soccer field to artificial turf is 
recommended. Conversion 
costs would be supported in 
part by long-term water 
savings. 

SOILS 
The baseball outfields have loam sand soil type; the soccer field 
has a more sandy soil structure. 
• The soccer fields lose water more quickly and should be 

irrigated more often. 

 
 
 

• Irrigation should be scheduled 
according to the soil and 
drainage conditions. 

Compaction 
There are some additional dry areas caused by spectator use and 
soil compaction at the edge of the field. 
The soil is also compacted due to a spill during a game and no 
turf gets established here. 
 

 
• The soil should be tested at 

this location in the soccer 
field and be amended to 
enable turf to re-establish. 

Aeration 
The soccer fields are aerated monthly and the baseball fields are 
aerated 8 times a year. 
• The turf areas at this park had far fewer weeds compared to 

other parks in the study. The turf is sufficiently aerated. 

 
 
 
• Turf should be top dressed 

with compost following 
aeration, to promote moisture 
retention and weed 
suppression. 

Fertilizers 
The soccer and baseball fields are fertilized every 6 weeks except 
during the active play season. Additional fertilizer is applied as 
needed, based on soil analysis or visual assessments. No areas at 
the park are top-dressed with compost. 
• When rust fungus is present, giving turf a yellow look, 

additional fertilizer is applied to make turf green. 
“Weed and feed” fertilizer/pesticide combinations are not used at 
the park. 
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West Sunset Playground 

Quantity and Cost Estimate 
LANDSCAPE & IRRIGATION RENOVATION 
     

ITEM UNIT QUANTITY 
UNIT 
COST COST 

REPLACE/UPGRADE CONTROLLER - SOCCER FIELD         
Furnish and install rain sensor on a pole LS 1 $1,600 $1,600 
Furnish and install flow sensor & master valve EA 2 $3,000 $6,000 
Control wire - flow sensor to master valve to controller LF 50 $2.80 $140 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1   $1,274 

SUBTOTAL COST       $14,014 
RENOVATION OF SOCCER FIELD         
Irrigation design including field review LS 1 $10,000 $10,000 
Add control valves to existing mainline EA 10 $750 $7,500 
Install lateral line (20 rows @ 450 LF each+460 LF for 
west side) LF 9,460 $2.50 $23,650 

Furnish and install rotor heads EA 112 $80 $8,960 
Connect west side rotor heads to existing control valve LS 1 $250 $250 
Control wire (includes trenching) LF 550 $4.50 $2,475 
Replace old, broken or sunken rotor heads as required LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1   $5,784 

SUBTOTAL COST       $63,619 
REPLACE/UPGRADE CONTROLLER - BALL FIELDS         
Furnish and install rain sensor  LS 1 $1,600 $1,600 
Furnish and install flow sensor & master valve EA 2 $2,000 $4,000 
Control wire - flow sensor to master valve to controller LF 500 $2.80 $1,400 
Furnish and install upgraded controller LS 1 $5,000 $5,000 
Design and Construction Contingency +/-10% LS 1   $1,200 

SUBTOTAL COST       $13,200 
BALL FIELDS         
Irrigation design including field review LS 1 $10,000 $10,000 
Moving head locations(trenching) HRS 120 $75 $9,000 
Installing pipe, riser assemblies and flushing out system HRS 60 $140 $8,400 
Add control valves to existing mainline EA 2 $750 $1,500 
Connect new control valves to lateral lines EA 2 $50 $100 
Control wire (includes trenching) LF 600 $4.50 $2,700 
Furnish and install rotor heads EA 55 $80 $4,400 
Design and Construction Contingency +/-10% LS 1   $3,610 

SUBTOTAL COST       $39,710 
Landscape Restoration SF 22,320 $2.00 $44,640 
Design and Construction Contingency +/-10% LS 1   $4,464 

SUBTOTAL COST       $49,104 
PARK RENOVATIONS         
Spare Parts and Tools LS 1 $1,600 $1,600 
Repair work LS 1 $4,000 $4,000 
Wire tracing to locate buried valves LS 1 $1,200 $1,200 

SUBTOTAL COST       $6,800 
GRAND TOTAL       $186,447 
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SECTION 1 – INTRODUCTION 

 
1.1 DISTRICT WATER RECYCLING POLICY 

Recycled water is an integral component of East Bay Municipal Utility District’s 
(District) Water Supply Management Plan. Using recycled water for purposes such as 
landscape irrigation reduces the demand for high-quality drinking water. This in turn 
reduces the need to build new water treatment facilities, pump groundwater, and purchase 
imported water. Using recycled water also helps “drought-proof” an area, since the 
source of recycled water (i.e. domestic wastewater) does not become scarce under 
drought conditions, as does drinking water supplied from surface water sources. 
 
The District has established aggressive water-recycling program goals. The purpose of 
this program is to help ensure an adequate drinking water supply for current and future 
East Bay customers by replacing high quality drinking water supplies with recycled water 
supplies for landscape irrigation, commercial, industrial, and other non-consumptive 
purposes.  The recycled water will be used for a variety of purposes, including landscape 
irrigation for parks, fields, cemeteries, medians, and golf courses.  Industrial and 
commercial applications include toilet flushing, cooling water, process water, and 
washdown water. 
 
According to District Policy Number 73, recycled water will be provided when it can be 
furnished at a reasonable cost, is of adequate quality and quantity, is consistent with laws 
and regulations, and will not be detrimental to the public health and wildlife.  
 
 
1.2 PROJECT BACKGROUND 

The District’s projected total water demand for 2020 is approximately 270 million 
gallons per day (mgd).  Water recycling is an integral component of the District’s Water 
Supply Management Program (WSMP), which identifies how the District will meet its 
water needs through the year 2020.  The District has set a goal to increase the recycled 
water supply in its water service area by an additional 8 mgd or approximately 9,000-acre 
feet per year (AFY), by the year 2020. In response to this goal, the District has proposed 
the East Bayshore Recycled Water Project (Project).  The Project will help meet this goal 
by providing up to 1.9 mgd (2,150 AFY) of recycled water from the District’s Main 
Wastewater Treatment Plant (MWWTP) in Oakland to the Alameda, Albany, Berkeley, 
Emeryville, and Oakland areas.  See Figures 1-1 and 1-2. 
 
The objectives of the proposed Project are to: 
 
• Deliver up to 2,150 AFY of recycled water to customers in the Cities of Alameda, 

Albany, Berkeley, Emeryville, and Oakland. 
• Utilize existing facilities where available. 
• Serve the maximum number of customers that is economically feasible. 
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• Reduce the need to develop future potable water treatment facilities 
• Contribute to overall water conservation 
• Stabilize the regional water supply 
 
One section of transmission line for the East Bayshore Project is existing. The recently 
completed Caltrans I-80 Replacement Project included the installation of a recycled water 
pipeline in the I-80 corridor from Albany to Emeryville to provide irrigation for Caltrans’ 
landscaping.  The District saved substantial construction time and costs by collaborating 
with Caltrans to upsize 28,910 feet of this pipeline to meet the needs of future recycling 
customers.  The proposed Project will use 4.4 miles of the existing recycled water 
pipeline as the distribution system backbone for the north portion of the Project.  The 
Project will ensure that Caltrans will be provided with recycled water for freeway 
landscaping along the I-80 corridor as soon as it is available.   
 
The Project has been divided into two phases during the initial planning efforts to allow 
cost effective, well-defined portions of the Project to move forward.  Phase I will consist 
of distribution pipelines within Alameda, Albany, Berkeley, Emeryville, and Oakland.  
The transmission system will utilize the Caltrans pipeline and possibly wet weather 
pumps at the MWWTP.  Additional storage and conveyance facilities to deliver up to 
2,150 AFY for landscape irrigation and industrial processes will be built.  Since the 
capacity of the existing tertiary treatment facilities at the MWWTP is not sufficient to 
meet these demands, expansion or replacement of those facilities will be required. 
Recycled water delivered to the I-80 corridor will be for unrestricted irrigation and 
industrial use, and therefore, will require filtration and chlorination facilities to meet 
California Code of Regulations Title 22 Standards (Title 22), currently being 
implemented by the California Department of Health Services (DOHS) (December 
2000).  
 
Phase II of the Project will consist primarily of providing recycled water to new 
developments in the Study Area as well as the proposed Gateway Park.  Gateway Park is 
part of the Caltrans Bay Bridge Project and could potentially use recycled water for a 
demonstration wetland.   
 
This Facilities Plan focuses on Phase I of the Project.  However, the transmission main 
and those distribution pipelines that are located in areas with potential growth will be 
sized to accommodate both existing and future demands.  Additionally, the facilities will 
be designed to allow for future expansion. 
  
1.3 PROJECT PURPOSE AND OBJECTIVES 

The purpose of the proposed Project is to provide recycled water for non-residential 
irrigation and industrial applications in the project Study Area.  Targeted irrigation 
applications include golf courses, cemeteries, parks, landscaping within homeowner 
associations, greenbelts and median landscaping.  Targeted commercial and industrial 
users include new high-rise buildings, cooling systems, and warehouses. 
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The objectives of this Facilities Plan are as follows: 
 
• Identify potential customers and assess their recycled water demands in the form of a 

Market Assessment; 

• Set forth criteria for an engineering and economic analysis; 

• Determine planning-level facility requirements for each Project Scenario for the 
purpose of estimating Project requirements and costs; 

• Identify and recommend a cost effective Project Scenario which meets the Project’s 
delivery goals; 

• Develop a phased implementation approach to facilitate development of the 
recommended Project Scenario over time as capital funding becomes available; and, 

• Identify key Project facilities that will be required such as pipelines, pump stations, 
reservoirs, and pressure reducing stations. 

This Facilities Plan evaluates treatment, transmission, pumping, and storage facilities 
required for a complete Project. Transmission facilities include new pipelines and 
pressure reducing stations. The Facilities Plan does not consider design details for retrofit 
of individual recycled water customers. 
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SECTION 2 – STUDY AREA CHARACTERISTICS 

 
The Oakland/Berkeley Hills form a natural geographic barrier which roughly divides the 
District’s service area into eastern and western portions.  The Study Area is shown on Figure 2-1 
and generally falls within the northwestern portion of the District’s service area, west of the 
Oakland/Berkeley Hills. The Study Area includes locations that may be suitable for recycled 
water use and that are already developed, approved for development, or undergoing planning and 
review for re-development. The following cities, or portions of cities, are included in the Study 
Area, as shown on Figure 2-1: 
 

• City of Alameda 

• City of Albany 

• City of Berkeley 

• City of El Cerrito 

• City of Emeryville 

• City of Oakland 

• City of Piedmont 

• City of Richmond 

 
 
2.1 HYDROLOGIC FEATURES 

The hydrologic features of the Study Area (“Area”) are dependent on the climatic characteristics 
of the Area and on the drainage-basin characteristics.  The climatic characteristics include the 
Area’s precipitation, temperature, and wind patterns.  The drainage basin characteristics include 
the topographic and geologic features of the area. 
 
The Study Area experiences a moderate climate that is tempered by ocean and bay waters.  The 
Area experiences a typical Mediterranean weather pattern:  approximately equal, distinct, wet 
winter and dry summer seasons.  The Area averages about 20 inches of rainfall annually.1  
Approximately 90 percent of the runoff occurs between the months of November and April, 
corresponding with the months of high rainfall.  Because of the rapid runoff, stream flows are 
intermittent throughout most of the Area.1  The air temperature for the Area averages 59 degrees 
F with temperatures normally ranging between 40 and 80 degrees F (California Irrigation 
Information System).  The prevailing winds in the Study Area are westerly with a mean velocity 
of approximately 10-mph (National Oceanic and Atmospheric Administration).  
 
The Study Area extends in a northwest-to-southeast direction along the San Francisco Bay shore.  
The majority of the Area is in the flat Bay plain, which rises near the eastern Area boundary to 
create rolling hills that roughly parallel the Bay shore.  Slopes in the plain Area are generally less 
than 15 percent and consist of nearly level flood plains, low terraces, and uplands.1  Draining 
towards the Bay, the Area contains a combination of natural streams, channelized natural 
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streams, and artificial drainage networks which all carry the surface storm water runoff. Natural 
drainage patterns have been altered significantly by dikes, realigned channels, storm sewers, and 
roadways.  The majority of the drainage patterns have been heavily influenced by urbanization.2  
Figure 2-2 shows the topography of the Study Area. 
 
The Area is highly urbanized. It is comprised of commercial, industrial, and residential areas.  
There are numerous parks, golf courses, and other recreational areas interspersed throughout the 
Study Area.  However, these recreational areas comprise a small percentage of the overall Study 
Area. 
 
The two predominant geologic formations in the Study Area are Holocene Estuarine Mud and 
Quaternary Alluvium.  The Holocene Estuarine Mud formation consists of sediments deposited 
along San Francisco Bay and the floor of the Bay.  This formation varies in thickness from 0 to 
125 feet.  The sediments are composed of bay mud, artificial fill, and estuarine mud at the 
mouths of streams.  A high water table and unconsolidated soils are typical characteristics of this 
formation.  Adjacent to the Holocene Estuarine Mud formation is the Quaternary Alluvium 
formation.  This formation is composed of weakly consolidated silt, sand, gravel, and marine 
terrace deposits.  This formation varies in thickness up to about 165 feet.2
 
The western edge of the Study Area contains alluvial fans, coastal plains, and basins which 
gradually change to rolling uplands on the eastern edge.    The soils along San Francisco Bay are 
flat and have little or no erosion hazard.  Those in the eastern portion of the Study Area generally 
have moderate erosion potential.  Most of the soils have adequate natural drainage, permeability, 
and runoff.  High to moderate natural fertility makes them generally suitable for intensive 
cropping.  The severity of the soil limitations (erodability, low permeability, slope failure, etc.) 
increases from west to east.  There are over 13 different soil types in the Study Area.1  
 
 
2.2 GROUNDWATER 

There are several groundwater basins within the District’s overall service area.  The Study Area 
is primarily within the northern portion of the Berkeley/Alameda Plain.  This portion of the Plain 
is almost completely urbanized.  The District supplies imported water, and groundwater use in 
the Area has been and remains a small part of the total use.  Historically, groundwater 
development in this northern portion of the Berkeley/Alameda Plain was primarily for domestic 
purposes, with occasional industrial uses.  In the southern portion of the Berkeley/Alameda 
Plain, two acquifers are present, an upper unconfined aquifer and a lower confined aquifer.  The 
upper aquifer ranges from a depth of 20 to 200 feet, while the lower aquifer ranges from a depth 
of  200 to 600 feet.  In contrast to the northern portion, groundwater development for domestic, 
industrial, irrigation, and municipal uses has been intensive in the southern portion of the 
Berkeley/Alameda Plain.2  However, use of groundwater within the specific Study Area, even at 
its southern end, is a small part of the total use for the Area.  See Figure 2-3 for information 
regarding typical yields from the groundwater basins in or near the Study Area. 
 
The configuration of the aquifers in the East Bay Plain Region results in a potential susceptibility 
to subsidence.  The thick silt and clay beds (that separate the sand and gravelly aquifer layers) 
would likely yield their water content when water levels were sufficiently decreased by pumping 
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which could result in compression of these fine grained layers.1  However, available information 
is not conclusive.  Documents reviewed do not report subsidence in the East Bay Plain Region, 
in spite of water levels in the confined aquifers, which (at least locally) were as low as 100 feet 
below sea level.3  
 
Customers use an average of 200 mgd of water from District supply sources.  The District does 
not currently use groundwater as a water supply source.  Within the District’s water service area, 
it is estimated that residential and non-residential customers use approximately 9 mgd of water 
from private wells to supplement or replace the District’s water.    Information regarding how 
much groundwater is used by customers specifically within the Study Area is not available, due 
to the fact that the District does not precisely monitor the use of groundwater by customers. 
  
2.3 WATER QUALITY 

 
2.3.1 Surface Water 

Surface water runoff from the study area typically discharges directly into the San Francisco 
Bay.  A small amount that enters the natural streams does recharge the ground water system.  
Due to the fact that the surface water from the Study Area is not used as a source for potable 
water, detailed information regarding the quality of the water is not available. 
 
 
2.3.2 Groundwater 

Groundwater quality in the shallow aquifers is relatively poor, and is recommended only for non-
potable uses (Hickenbottom and Muir, 1988).  In the western part of the Berkeley/Alameda 
Plain, seawater intrusion has locally degraded the fresh water.  Reported total dissolved solids 
(TDS) concentration range from 500 to more than 2000 milligrams per liter (mg/L).  Nitrate 
concentrations locally exceed 45 mg/L.  High boron and total dissolved solids (TDS>2,000 
mg/L) concentrations are found in many areas.  This could adversely affect the use of the water 
for landscape irrigation and some industrial processes.  It should be noted that major salt-water 
intrusion problems and degradation of the deeper aquifers have apparently not occurred in the 
Study Area.  This may be because the aquitards (clay layers) are more continuous and prevent 
intrusion of saline water into the deeper aquifers, or because the aquifers have not been 
sufficiently stressed.3 

 
There is a substantial possibility of other contamination of the shallow aquifer by 
industrial/commercial land usage because it has been a highly urbanized area.  Thus, in some 
locations, there could be a need for costly removal of hydrocarbons, metals, and other 
contaminants prior to groundwater use.  The highly urbanized land use of the region could also 
result in high land acquisition costs for necessary facilities.  The lower aquifers generally contain 
water quality which is suitable for potable uses.  If significant applications for such uses were to 
occur, there would be a major concern regarding contamination from the shallow aquifers above, 
due to potential communication through abandoned wells or leads through aquitards.  Also, the 
potential for salt-water intrusion would exist and would require close study and monitoring.3 
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While there is potential for increased use of groundwater in the District’s service area, more 
detailed analysis is required.  The District currently has a groundwater assessment study 
underway at the Oro Loma Treatment Plant in San Lorenzo.  This study is assessing the potential 
for storing water supplies in deep aquifers.  The study involves constructing test wells to inject 
treated water into the aquifer and subsequently extracting water from the aquifer.  The study will 
assess the feasibility of storing treated water in deep underground aquifers for later extraction.  
 
The District has also been involved with a groundwater study that was done in conjunction with 
water supply agencies in eastern San Joaquin County.   In the San Joaquin County test project, 
high quality water supplied from the District’s Mokelumne Aqueduct was used to recharge the 
Eastern San Joaquin Groundwater Basin locally through injection wells constructed by the East 
San Joaquin Parties Water Authority (the joint powers authority created to study the water supply 
issues in the area).   The test/injection project investigated the feasibility of utilizing various 
strata within the east San Joaquin aquifer for water storage. The data obtained from the study 
will be useful as the District continues to consider groundwater sources within the its service 
area.   
 
 
2.4 LAND USE AND TRENDS 

Land use within the Study Area is classified as highly urbanized.  The zone along the Bay shore 
is predominantly industrialized with some natural ponds and marshes intervening; manufacturing 
and shipping operations predominate.  The slightly sloping alluvial plain zone is highly 
urbanized and dominated by residential, commercial, and industrial uses.  This second zone also 
includes an extensive network of streets and highways that carry a large portion of the total 
traffic volume in both Alameda and Contra Costa counties.  Land use in the higher elevations of 
the study area is less intense and is primarily residential. 
 
The Study Area can be broadly classified into two regions:  the inner city region and the inner 
suburb region. The East Bay area’s inner cities constitute the historic core of the region and 
include the urban centers in and around Oakland, Emeryville, and Berkeley.  The characteristic 
form of this area is the street grid.  Land use changes within the urban core area is usually due to 
redevelopment, either of former industrial areas or of individual lots and buildings (ABAG).  
Emeryville is a good example of an urban area that has experienced a great deal of 
redevelopment.  The areas classified as inner suburbs developed between the turn of the century 
and World War II.  Included in these zones are the residential areas surrounding the inner cities, 
and communities that expanded with the railroad system.  The cities of Richmond, El Cerrito, 
Alameda, Piedmont and Albany can be considered inner suburbs.  The urban form of these areas 
generally continues the grid pattern of the inner cities (ABAG).  Generally, relatively few land 
use changes are occurring in these areas today.  However, significant redevelopment will occur 
in some areas, primarily due to military base closures, such as the Alameda Naval Air Station 
and the Oakland Army Base.  
 
Most of the western portions of Alameda County and Contra Costa County that are within the 
Study Area will likely build-out by the year 2000, especially in the largely urbanized areas along 
the bay plain (ABAG).  The majority of development within the Study Area will consist of 
redevelopment projects.  Significant land use changes within the Study Area will result from the 
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redevelopment of the former Alameda Naval Air Station, the former Oakland Army Base, and 
the former Richmond Army Base.  These land areas represent the major large scale 
developments in the Study Area.  In addition, Emeryville’s redevelopment is expected to 
continue past the year 2000.  Oakland’s ongoing program of encouraging redevelopment and 
growth within the downtown area also will likely continue past the year 2000.  
 
Appendix H contains land use maps for the cities contained within the Study Area. 
 
2.5 POPULATION PROJECTIONS 

The cities of Richmond, Berkeley, and Oakland constitute 7% of the land area in Alameda and 
Contra Costa Counties, yet they contain 27% of the population and support more than 30% of the 
jobs in these counties (ABAG).  Along with San Francisco, these cities are the most densely 
developed in the region.  Overall, it is anticipated that the population within the Study Area will 
increase 3.5% over the next twenty years.  The City within the Study Area that has the lowest 
projected population growth is Albany, where it is estimated that the population will actually 
decrease 1.7%.  The City with the highest projected population growth is Emeryville, where it is 
anticipated that the population will increase 41.6%.  Table 2-1 summarizes ABAG’s population 
projections contained within ABAG’s publication Projections 98. 
 

Table 2-1 
POPULATION PROJECTIONS FOR CITIES WITHIN THE STUDY AREA 

 
CITY 2000 2010 2020 % Change 

in Growth 
(2000 to 2020) 

  
Alameda 75,600 78,100 78,700 4.10% 
Albany 17,500 17,500 17,200 -1.71% 
Berkeley 108,700 109,100 108,800 0.09% 
El Cerrito 30,000 31,100 31,900 6.33% 
Emeryville 7,700 9,500 10,900 41.56% 
Oakland 395,000 398,000 399,600 1.16% 
Piedmont 11,100 11,200 11,200 0.90% 
Richmond 108,400 116,600 122,400 12.92% 

TOTAL 754,000 771,100 780,700 3.54% 
 
 
Oakland is the most populous city in Alameda County, as well as within the Study Area.  
Oakland also ranks as the third most populous city in the Bay area region.  Two cities within the 
study area contain populations greater than 100,000 in 1995: Oakland and Berkeley.  
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2.6 RECEIVING WATERS 

The Study Area is bordered on the west by the San Francisco Bay.  The San Francisco Bay is 
located directly behind and to the south of the Golden Gate.  The 317-square-mile Bay is 
comprised of two smaller bays:  Central Bay, between the Golden Gate Bridge and Berkeley, and 
South Bay, encompassing all waters south of the San Francisco-Bay Bridge.  San Pablo Bay is 
located northeast of the Golden Gate.4
 
In general, the Bay is shallow, averaging about 18 feet deep at low tide.  Its waters, which stretch 
about 50 miles in length and are between one mile and 11 miles wide, are generally saline about 
30 miles inland, to the Carquinez Strait.  The Bay contains about 5 million acre-feet of water. 4
 
Over the first half of this century, waste dischargers and contamination of the Bay steadily 
increased.  Then in the 1950s, municipal plants began installing facilities for primary treatment 
of sewage, followed by secondary treatment in the 1960s.  Many sewage outfalls were also 
moved to deeper water, where currents are stronger and a larger volume of water is available to 
dilute the discharge.  Between 1955 and 1985, while the population served by the municipal 
sewage plants doubled and the volume of sewage treated and discharged more than doubled, 
improved treatment reduced the total amount of organic matter in the discharge by over 70 
percent.  This was reflected in the Bay’s water quality, with dramatic reductions in coliform 
counts and increases in dissolved oxygen, particularly in the South Bay.5  Today, the San 
Francisco Bay receives more than 2,450 acre-feet per day (800 million gallons per day) of 
municipal wastewater.6  
 
Beneficial uses of the Bay include: ocean, commercial and sport fishing; estuarine habitat; 
industrial service supply; fish migration; navigation; industrial process supply; preservation of 
rare and endangered species; water contact recreation; non-contact water recreation; shellfish 
harvesting; fish spawning; and, wildlife habitat.7
 
 
 
 
 
 
References: 
 
1 Water Reclamation Final Environmental Impact Report, CH2M HILL with Jefferson Associates, Inc., February 
1980. 
2 Draft Water Reclamation Master Plan, Brown and Caldwell Consultants, January 1991. 
3 Draft Environmental Impact Statement/Report for Updated Water Supply Management Program, EDAW, Inc., 
December 18, 1992. 
4Layperson’s Guide to San Francisco Bay, Prepared by the Water Education Foundation, Updated 1993. 
5San Francisco Bay Program:  Lessons Learned for Managing Coastal Water Resources, James E. Cloern, Samuel 
N. Luoma, and Frederic H. Nichols, USGS web site. 
6An Introduction to the Ecology of San Francisco Estuary, Andrew Neal Cohen, June 1991 
7Water Quality Control Plan, California Regional Water Quality Control Board, San Francisco Bay Region, June 21, 
1995. 
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SECTION 3 – WATER SUPPLY CHARACTERISTICS AND FACILITIES 

3.1 WATER SUPPLIERS 

The District supplies water to customers in 20 cities and 15 unincorporated communities in parts 
of Alameda and Contra Costa counties.  The Study Area lies within the District water service 
area.  Approximately 1.2 million people are served by the District’s water system in a 325 square 
mile area extending from Crockett in the north, southward to San Lorenzo encompassing the 
major cities of Oakland, Berkeley and Richmond, and from San Francisco Bay in the west, 
eastward to Walnut Creek, Danville and San Ramon. See Figure 3-1.  There is no other water 
purveyor within the Study Area. 
 
3.2 EXISTING WATER SOURCES 

The District derives its normal water supply from the Mokelumne River, its tributaries, and from 
local runoff.  The majority of the District’s water supply comes from the protected watershed of 
the Mokelumne River, which collects at Pardee Reservoir. Local runoff from the East Bay 
watersheds contributes the rest of the District’s water supply.  The District also holds water 
rights to the American River, but has not exercised these rights to date. 
 
3.2.1 Mokelumne River 

The District’s primary water source is the 577-square-mile protected watershed of the 
Mokelumne River, which collects the melted snows of Alpine, Amador and Calaveras counties.  
The District has water rights for up to 325 mgd from the Mokelumne River.  However, these 
rights are in jeopardy as senior water rights are exercised and the demand for water increases for 
the Department of Fish and Game and the Federal Energy Commission.  Figure 3-2 shows the 
flow commitments on the lower Mokelumne River.  Conditions which restrict the District’s 
ability to use its 325 mgd entitlement include: 
 

• Upstream water use by prior right holders 
• Downstream water use by riparian and senior appropriators and other downstream 

obligations, including protection of public trust resources. 
• Drought, or less than normal rainfall for more than one year. 
• Emergency outage 

 
Historically, flows on the Mokelumne River are highly variable.  In an average year, runoff from 
the Mokelumne Basin is about 710,000 acre-feet, enough to fill Pardee Reservoir 3.5 times.  In 
the driest winter on record, less than 2/3 of reservoir capacity was used.  In 1977, the reservoir 
reached its lowest level, 47,000 acre-feet, since it was first filled in 1930.  In the wettest winter 
on record, 1982-83, runoff was sufficient to fill Pardee Reservoir 8.8 times. 
 
3.2.2 American River 

In 1970, the District contracted with the U.S. Bureau of Reclamation (USBR) for up to 150,000 
acre-feet (134 mgd) of American River water from the Central Valley Project.  However, it can 
be reduced by the USBR in drought years based on estimates of available Central Valley Project 
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water supply.  A system to convey water from the District’s turnout on the Folsom South Canal, 
southeast of Sacramento, to the District’s service area is the District’s responsibility.  Such 
facilities have not been constructed, but necessary studies and permitting activities to develop 
this connection are now underway.  
 
The District’s entitlement to water from the American River was challenged in court in 1976.  In 
its 1990 decision, the Alameda County Superior Court affirmed the District’s right to take 
delivery of up to 150,000 acre-feet of water annually from the Folsom South Canal under its 
1970 contract with the Federal Government, subject to certain restrictive conditions.  The ruling 
set minimum flows that must be present in the lower American River before the District can take 
delivery of its water.  
 
Starting in 1995, the District initiated environmental and preliminary engineering studies to build 
a pipeline connection to the Folsom South Canal that would enable delivery of up to 150,000 
acre-feet from the American River.  An Environmental Impact Report and Environmental Impact 
Statement has been prepared for the District that evaluates the available alternatives for securing 
access to the American River water.  The District and several public agencies in the Sacramento 
area have developed a joint water supply project proposal.  This joint water supply project would 
meet the District’s future water supply needs and would contribute providing a safe and reliable 
water supply for the City of Sacramento and Sacramento County as well.  However, negotiations 
are still underway between the agencies. 
 
3.2.3 Surface Runoff 

In normal years, District reservoirs in the East Bay receive an additional 30,000 acre-feet of 
water from local watershed runoff.  Hydrologic conditions determine the amount of runoff in the 
local watershed.  In dry years evaporation can exceed runoff, resulting in no net yield.  Another 
parameter is the amount of storage available for capturing local runoff.  The lower the reservoirs 
are drawn down in the fall, the greater the amount of water that can be collected from runoff, 
assuming it is available.  However, because the terminal reservoirs also re-regulate the District’s 
Mokelumne supply and provide emergency standby storage, limited space is available to develop 
local yield.  Thus, local yield is limited to about 10 mgd during normal hydrologic years and is 
near zero in drought conditions. 
 
3.3 MAJOR FACILITIES 

3.3.1 Water Treatment Plants 

The District operates a water treatment system comprised of two treatment facilities located 
along the Mokelumne Aqueducts (the Pardee Chemical Feed Facility and the Bixler chlorination 
Facility), and six water treatment plants in the District’s service area (the Lafayette, Orinda, San 
Pablo, Sobrante, Upper San Leandro, and Walnut Creek Water Treatment Plants).  
 
The Pardee Chemical Feed Facility and Bixler Chlorination Facility are used to maintain a 
minimum chlorine residual as the water flows through the Mokelumne Aqueducts from Pardee 
Reservoir in the Sierra Nevada foothills to the East Bay terminal reservoirs and water treatment 
plants.  Dosages are typically adjusted to achieve a target chlorine residual of 0.1 mg/L entering 
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the treatment plants.  In addition, calcium hydroxide (lime) is added at the headworks of the 
Mokelumne Aqueducts to adjust pH for corrosion control. 
 
The Orinda WTP is the only water treatment plant that serves the Study Area.  This facility 
draws water directly from the Mokelumne Aqueducts.  The Orinda WTP has the largest 
production output, with a capacity of 175 mgd.  This water treatment plant serves all or parts of 
Alameda, Albany, Berkeley, El Cerrito, Emeryville, Moraga, Oakland, Orinda, Piedmont, 
Richmond and San Leandro.  The Orinda WTP uses in-line filtration which consists of 
coagulation, filtration, disinfection, and fluoridation. (See Figure 3-3).   During the summer 
months, the Orinda WTP delivers an average of 125 mgd, with flows reaching maximum flow 
rates of 175 mgd, and minimum flow rates of 75 mgd.  During the winter months, the Orinda 
WTP delivers an average of 105 mgd, with flows reaching maximum flow rates of 160 mgd, and 
minimum flow rates of 60 mgd. 
 
3.3.2 Storage Facilities 

Seven dam and reservoir storage facilities are maintained within the District’s water supply 
system  (See Figure 3-4). Pardee and Camanche Reservoirs, located within the Mokelumne River 
Watershed Basin, are operated in tandem to provide water supply for power generation, fisheries 
management, recreation, flood-control, and for irrigation and stream-flow regulation needs.  
Within the East Bay service area, the District maintains five terminal reservoirs: Chabot, 
Briones, Lafayette, San Pablo, and Upper San Leandro Reservoirs.  These reservoirs are used to 
regulate the District’s Mokelumne River supply; augment periods of high demand; serve as 
emergency sources of supply; store local runoff; and provide environmental and recreational 
benefit to the communities of the East Bay.  However, Pardee Reservoir is the only reservoir that 
directly serves the Study Area.  See Table 3-1 for a description of the physical characteristics of 
Pardee Reservoir. 
 

Table 3-1 
PHYSICAL CHARACTERISTICS OF PARDEE RESERVOIR 

 Pardee Reservoir 
Shoreline (miles) 37 
Watershed area (square miles) 578 
Surface Area (acres) 2,257 
Capacity (acre-feet) 197,950* 
Major Water Sources Mokelumne River 
General Location Southeast of Jackson, 

Amador County 
  *Pardee Reservoir capacity was revised based on GIS analysis undertaken in 1995. 

   Source:  1994 EBMUD Facilities Guide 
 

 
The District’s distribution system contains 178 neighborhood reservoirs, consisting of several 
types: open-cut concrete reservoirs, steel tank reservoirs, and redwood tank reservoirs.  All of 
these treated-water reservoirs are covered and sealed to protect the water from contamination.  
Modern distribution reservoirs are sized to provide approximately 1.5 times a maximum day’s 

    
EBMUD Page 3-3  section3.doc 



East Bayshore Recycled Water Project 
Facilities Plan                                                              Section 3 – Water Supply Characteristics and Facilities 

quantity of water while maintaining, at all times, a specified quantity of water for fire flow.  
Distribution system reservoirs located within the Study Area are listed in Table 3-2. 
 
3.3.3 Transmission and Pumping Facilities 

Figure 3-5 contains a flow and distribution diagram for the District’s water supply system.  The 
Mokelumne Aqueduct is the major transmission line that connects the Orinda Water Treatment 
Plant to Pardee Reservoir. 
 
The topography within the Study Area varies from sea level to an elevation of 1,900 feet in the 
Berkeley Hills. Because of the varying elevation throughout the distribution system, a large 
number of elevation bands called pressure zones have been created that provide nominal static 
water pressure (between 43 and 130 pounds per square inch) to the consumers. The District’s 
pressure zones are shown in Figure 3-6. The Study Area is located in Zones A, B and G.  Water 
pressure is regulated through the operation of distribution reservoirs, pumping plants, and 
various flow control facilities.  Table 3-2 describes the associated pump stations within the Study 
Area. 
 
The District utilizes three types of pressure zones: gravity-fed, regulated, and hydro-pneumatic. 
Gravity-fed zones have one or more reservoirs whose operating water surface is 100 feet above 
the top of its zone. About 60 percent of the District’s treated water is provided to its customers 
by gravity flow. Regulated zones use water from a higher zone by reducing the pressure through 
a pressure regulating station, hence the name "regulated". In hydro-pneumatic zones, the water 
mains are pressurized by a hydro-pneumatic tank.  A typical configuration of these pressure 
zones is a ‘cascade’, which can be defined as a series of pressure zones in an ascending pattern, 
with one reservoir and pumping plant each. 
 
 
 

Table 3-2 
MAJOR FACILITIES IN STUDY AREA 

 
 

Pressure Zone Name Pressure Zone 
Designation 

Reservoir Reservoir 
Capacity 

(MG) 

Pumping Plant Pumping 
Plant 

Capacity 
(mgd) 

Berryman A2A Berryman 15.0 Berryman 5.0 
  Berryman-North 2.8 Berryman-North 2.3 
  Berryman-South 2.9 Berryman-South 8.2 
  Schapiro 4.1 Schapiro 4.8 
    Berryman-West 2.3 
Stonewall A4A Stonewall 0.2   
Tunnel A4Aa     
Santa Barbara A4B     
Summit A5A Summit 37.0 Summit 2.6 
      
  Summit North 1.5 Summit North 1.4 
  Summit South 1.5 Summit South 6.1 
    Summit West 8.1 
Amito A7B Amito 0.5 Amito 0.9 
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Pressure Zone Name Pressure Zone 
Designation 

Reservoir Reservoir 
Capacity 

(MG) 

Pumping Plant Pumping 
Plant 

Capacity 
(mgd) 

  Sherwick 0.4   
University A7C University 0.5 University 0.2 
Arlington A7D Arlington 2.8 Arlington 1.8 
  Woods 3.1   
Strathmoor A9B Strathmoor 0.5 Strathmoor 0.8 
Shasta A9D Shasta No.1 0.2 Shasta 3.8 
  Shasta No.2 2.1   
Gwin A11A Gwin 0.5 Gwin 0.6 
Berkeley View A11C Berkeley View 

No.1 
1.0 Berkeley View 1.4 

  Berkeley View No. 
2 

3.0   

Berkeley Hills A13B Berkeley Hills 0.4 Berkeley Hills 0.4 
39th Ave B2A Field 2.0 Field 9.6 
  39th Ave 10.2 39th Ave 6.4 
Highland B2Aa     
Piedmont B3A Oak Knoll 2.9 Oak Knoll 13.8 
  Piedmont 23.6 Piedmont 5.4 
  Redwood 2.9 Redwood 2.0 
  Rilea 4.6   
Broadway Terrace B4Aa     
Dingee B5A Burdeck 1.5 Dingee 5.2 
  Dingee 4.8 Estates 2.6 
  Estates 17.6 Summit-South 6.1? 
Joaquin Miller B7A Joaquin Miller 2.8 Joaquin Miller 2.8 
  Montclair 1.6 Montclair 5.4 
  Swainland 2.0   
Forestland B9A Forestland 3.4 Forestland 1.3 
Castle B9Aa     
Pinehaven B11A Pinehaven No.1 0.2 Pinehaven 0.3 
  Pinehaven No. 2 0.5   
Carisbrook B11B Carisbrook 3.4 Carisbrook 2.0 
  Forest Park 0.2   
Skyline B13A Round Top 0.4 Round Top 0.3 
  Skyline 1.0 Skyline 1.0 
Central G0A Central 153.8 South 7.9 
  Dunsmuir 65.5   
  North 79.1   
  Potrero 1.0   
  Richmond 11.4   
  San Pablo 

Clearwell 
5.4   

  Sobrante Clearwell 8.2   
  South 50.4   
Aqueduct G1Aa Seneca 30.0 Wildcat (prop)  
  Claremont Tunnel 9.0 Aqueduct 13.5 
Claremont G1Ab Claremont 8.1   
 
 

3.3.3 COSTS ASSOCIATED WITH POTABLE WATER SUPPLIES 

In 1999, the customers within the District’s service area consumed a total of 76,856 million 
gallons of potable water, which is equivalent to an average of 210 mgd.  The Districts total 
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operating expenses in 1999 for the raw water, treatment, distribution, management and general 
administration of the potable water systems totaled $101,507 million dollars.  These are the 
variable costs for the procurement, treatment and distribution of potable water to customers.  
(Note that per the District’s 1999 Annual Report, additional Operating Expenses are identified.  
However, for this Facility Plan only those costs identified above are considered.)   This equates 
to an average treatment and distribution cost of $432 per acre-foot of water.  This cost does not 
include the capital cost of the facilities built to treat and distribute the water. 
 
Because of the flexibility built into the District’s system which allows for the five WTPs to 
deliver water to areas which are outside of the WTPs’ “typical” delivery area, the total cost of all 
future capital improvements to the system must be considered. The District is currently in the 
process of a study of the long term capital improvements that are necessary throughout the 
District’s potable water system.  This includes a review of the condition of the existing facilities, 
as well as an analysis of the estimated years when capacities may be reached for the major 
components of the system, including the water treatment plants, major transmission and storage 
facilities.  The study also considers construction that may be necessary in order to insure that the 
District is in compliance with the latest regulations governing treatment and distribution of 
potable water supplies.  At this time, the District does not have final information available for 
release regarding future facilities construction and associated future capital expenditures for 
water supply, treatment, and distribution facilities. 
 

3.4 GROUNDWATER MANAGEMENT 

There are few high capacity wells in the Study Area, but backyard irrigation wells exist in 
residential areas like Berkeley.  There are no overdraft problems since groundwater use has 
decreased so much over the years that the basin is full.  While no recharge programs are 
underway at this time, the District is currently studying the possibility of using a groundwater 
recharge program to store water in winter months for consumption in peak summer months and 
under drought conditions (See Section 3.7 Future Water Sources and Facilities). 
 
There is no basin-wide groundwater management program for the East Bay Plain. However, the 
California Regional Water Quality Control Board for the San Francisco Bay Region recently 
completed the East Bay Plain Groundwater Basin Beneficial Use Evaluation Report for Alameda 
and Contra Costa Counties.  This report discusses the need for groundwater protection and 
monitoring measures that are required to prevent further pollution of the basin.  The East Bay 
Plain needs to be subdivided into three management zones to prioritize groundwater remediation 
and redesignate beneficial uses.  Drinking water potential, remediation strategies and location for 
the three areas are summarized in Table 3-3.  Recommended subdivisions to the East Bay Plain 
were developed from information on water quality, historic, existing and probable-future 
beneficial uses, and hydrogeology.   
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3.5 WATER USE TRENDS AND FUTURE DEMANDS  

3.5.1 Trends and Future Demands 

Water use by single-family homes, predominates in the District, followed by multi-family 
dwelling units, industrial, and commercial and institutional uses.  See Figure 3-7.  Overall, 
residential water use is about 66 % of the total metered consumption.  72% of all water use is 
inside use.  In the last ten years the ratio of outside water use to inside water use in the District 
has changed by 5%, with outside water use decreasing from 33% to 28%.  This is primarily due  
to the effects of six years of drought (from 1987 to 1992) which impacted outdoor water use 
patterns more than indoor water use.   
 

Future water demands within the ultimate boundary have been calculated for the year 
2030 based on land use unit demands.  The Districtwide Update of Water Demand 
Projections (Demand Study) was released in May of 2000.  The District, with assistance 
from Montgomery Watson, developed a land use data management system and associated 
software tools to calculate future potable water demands for the year 2030.  The 2000 
Demand Study was a major accomplishment as it provided a methodology to do more 
detailed demand projections.  The Demand Study uses a methodology that does not rely 
on population projections.  Instead, future water demands are calculated based on existing 
demands for various land use categories and anticipated changes in land use categories.   

 
In the year 2030, the demand without savings from water recycling is expected to be in the range 
of 255 mgd, depending on actual growth.  The District’s existing and adopted water recycling 
programs are expected to reduce water demand by about 17 mgd by the year 2020.  
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Table 3-3 
Summary of Proposed East Bay Plain Groundwater Management Zones 

East Bays
Fa

 
E

Zone Historical
Public 
Water  
Supply 

 Historical 
Domestic 
Water 
Supply 

Existing, 
Probable or 
Potential 
Drinking 
Water 
Source 

Remediation Strategy Location 

A – Areas of 
Basin that have 
moderate to 
significant deep 
drinking water 
resource 

Shallow 
 
 
 
 
 
Deep 

Yes, but 
limited 
 
 
 
 
Yes 

Yes 
 
 
 
 
 
Yes 

Potential 
 
 
 
 
 
Existing or 
Probable 

For shallow pollution, goal is to 
maintain and restore drinking water 
quality and actively prevent migration 
into deeper zones.   
 
 
For deeper aquifers require active 
remediation and hydraulic control to 
maintain and restore drinking water 
quality. 

All of San Leandro and San 
Lorenzo Subareas; Bulk of 
Central Oakland and 
Richmond Sub Area 

B – Areas of 
basin that are 
unlikely to be 
used as a 
drinking water 
resource 

 No Yes Potential Passive Remediation to restore drinking 
water quality as a long-term strategy 
while actively protecting private 
irrigation wells, human health and 
ecological receptors.  Utilize risk based 
corrective action in establishing 
groundwater cleanup standards. 

Berkeley Sub area and 
Emeryville 

C – Not a 
drinking water 
resource 

    No No Neither
Existing, 
Probable or 
Potential 

Protect human health and ecological 
receptors.  Dedesignate Municipal and 
Domestic Supply Beneficial Use in 
Zone C.  Utilize risk based corrective 
action in establishing groundwater 
cleanup standards.  Locate and seal 
vertical conduits that extend into deeper 
portions of Zone B. 

Shallow high TDS aquifers 
along Oakland and 
Alameda Shoreline and at 
Chevron Refinery 

Notes: Shallow zone – Groundwater within shallow deposits above the Yerba Buena Mud or its lateral equivalent. 
Deep zone – Groundwater below the Yerba Buena Mud or its lateral equivalent within the Alameda Formation or Santa Clara Formation as defined by Figures 
(1998). 



East Bayshore Recycled Water Project  
Facilities Plan  Section 3 – Water Supply Characteristics & Facilities 

 
 
 
 
 
 
 
 
 
 
 
 
 

Single- 
Family 

Residential 
48%  

Park, Golf & 
Cemetery 

7% 
Multi-family 
Reside tial n 18% 

Industrial 
13% 

Commercial 
& 

Institutional 
1 4% Outdoor 

28% 

Indoor 
72% 

Comparison of Residential and Non-Residential Water Demands

148.1 158.7 166.1 171.8
151.1

173.3

68.7 69.4 71.3 75.9 79.0 81.5

0

50

100

150

200

1996 2000 2005 2010 2020 2030

Year

D
em

an
ds

 in
 M

G
D

Residential Non-Residential

 
Figure 3-7 

District Water Use Characteristics 

 
Table 3-4 

Total Water Demand Projection in MGD 
(Demands are adjusted for normalization, unaccounted for water and conservation.) 

Demands in MGD 1996 2000 2005 2010 2020 2030 
Residential 148.1 151.1 158.7 166.1 171.8 173.3

Non-Residential 68.7 69.4 71.3 75.9 79 81.5
Total 217 221 230 242 251 255
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3.5.2 Water Rates 

The District has set a water rate structure that provides sufficient revenues for it to provide a 
safe, reliable, adequate water supply to its customers over the long term through affordable rates.  
The structure also encourages conservation and efficient use of water, and reflects the cost to 
serve customers.  Appendix I contains the District’s Policy 79, which provides rate-setting 
guidelines for water rates. 
 
3.6 WATER QUALITY 

The District’s high quality water is due to the pristine nature of its source water and application 
of appropriate advance treatment technology. 
 
3.6.1 Source Water Quality 

Mokelumne River Watershed  

The majority of the District’s water supply comes from the Mokelumne River Watershed Basin.  
It is minimally subjected to pesticides, agricultural or urban runoff, municipal sewage 
discharges, and industrial toxins.  Subsequently, the water that drains from the Mokelumne River 
Watershed Basin and collected at Pardee Reservoir is generally of high quality.   
 
The water found in Pardee Reservoir is low in turbidity with low levels of microbiological 
contaminants.  It is representative of typical Sierra Nevada watersheds, exhibiting a low mineral 
content that remains fairly constant from season to season and year to year, despite large 
variations in flows. 
 
East Bay Watershed 

The East Bay watersheds have a significant impact on the District’s local water supply.  The 
District’s water treatment plants draft water from the Briones, San Pablo, and upper San Leandro 
reservoirs, which are supplemented by surface runoff from their surrounding watersheds.   
 
Overall, the East Bay watersheds have good raw water quality.  The District and other public 
agencies actively promote Pollution Prevention programs to raise public awareness concerning 
water quality issues, and are actively involved in activities and programs that minimize adverse 
impacts on water quality.  The use of pesticides and other chemicals on the District-owned 
watershed lands is generally avoided; and erosion is carefully monitored and controlled to 
minimize the silt entering the reservoirs.  Table 3-5 describes raw water quality for Pardee 
Reservoir, which serves the Study Area. 
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Table 3-5 
1998 UNTREATED WATER QUALITY 

 
Water 

Quality 
Constituent 

DLR MCL PHG Units Pardee 
Reservoir 

Nitrate as N 0.4 10 10 mg/L ND 
Radionuclides:

Beta 
NS 50 NS pCi/L ND 

Toluene 0.0005 0.1500 1(1) mg/L ND-
0.0008 

Xylenes 
(Total) 

0.0005 1.7500 1.8000 mg/L ND-
0.0007 

Chloroform(2) 0.0005 NS NS mg/L ND 
Chloride NS 500  mg/L 1-3 

Detergents NS 0.5  mg/L ND 
Sulfate NS 500  mg/L 1-2 
Total 

Dissolved 
Solids 

NS 1000  mg/L 21 

Bicarbonate 
Alkalinity 

NS NS  mg/L 13 

Carbonate 
Alkalinity 

NS NS  mg/L ND 

Calcium NS NS  mg/L 3 
Hardness: 

Total 
NS NS  mg/L 9-21 

Magnesium NS NS  mg/L 1 
Sodium NS NS  mg/L 1 

(1) In 1998, there was no PHG for toluene.  The MCLG set by the USEPA (1 mg/L) was used as per regulation.
(2) The presence of chloroform is caused by chlorinated water from the Mokelumne Aqueducts being stored in East 

Bay reservoirs. 
(3) Abbreviations: DLR  Detection Level 
   mg/L  milligrams per liter 
   ND  not detected 
   NS  No standard 
   NTU  nephelometric turbidity unit 
   µmhos/cm micro mhos per centimeter 
   MCL  maximum contaminant level 
   PHG  public health goal 
   MCLG  maximum contaminant level goals 
 
 
 
3.6.2 Treated Water Quality 

Treated Water Quality is summarized in Table 3-6 for each water treatment plant in the District 
system.  The Orinda WTP serves the Study Area. 
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Table 3-6 
1998 TREATED WATER QUALITY 

 
Water 

Quality 
Constituent 

DLR MCL PHG Units System 
Average 

MIN MAX Orinda 
WTP 

Total 
Coliforms 

NS 5  % positive 0.1 0 0.3 NS 

Turbidity(1) NS 1  NTU 0.06 0.05 0.09 0.06 
     WTP 

Average 
   

Aluminum 
(primary std)  

0.05 1 NS mg/L ND ND 0.06 ND 

Fluoride 0.1 2 1 mg/L 0.92 0.19 1 0.9 
Aluminum(2) 0.05 0.2  mg/L ND ND 0.19 ND-0.19 
Conductivity NS 1600  µmhos/cm 111 52 376 57-89 

Iron NS 0.3  mg/L 0.01 ND 0.06 ND-0.06 
Manganese NS 0.05  mg/L ND ND 0.005 ND-0.002 
Threshold 

Odor Number 
NS 3  TON 1.7 ND 2.5 1-2.2 

Turbidity NS 5  NTU 0.09 ND 0.40 0.04-0.40 
Zinc NS 5  mg/L 0.01 ND 0.05 ND-0.04 

Boron    mg/L 0.02 ND 0.11 ND-0.05 
Calcium    mg/L 9 3 31 4-18 

Hardness:  
Total 

   mg/L 35 10 130 13-60 

Magnesium    mg/L 2.8 0.6 13 0.7-4.8 
pH    mg/L 8.5 8.1 8.9 8.7 

Potassium    mg/L 1 ND 4 ND-1 
Silica    mg/L 11 8 13 8-13 

Sodium    mg/L 10.0 4 34 4-16 
1 Turbidity values, as per regulation, represent the value achieved 95% of the time. 
2 Averages are based on flows from the various WTPs.  For aluminum primary average, see aluminum 

(Primary Std). 
3 Abbreviations: DLR  Detection Level 
   mg/L  milligrams per liter 
   ND  not detected 
   NS  No standard 
   NTU  nephelometric turbidity unit 
   µmhos/cm micro mhos per centimeter 
   TON  threshold odor number 
 

3.7 ADDITIONAL WATER SOURCES AND FACILITIES 

Potential sources for additional water supplies for this project include groundwater, local surface 
water, and desalination.   
 

3.7.1 Groundwater 
The District is conducting an injection/extraction pilot project to assess the feasibility of using 
dual-purpose injection/extraction wells for potable water storage.  Potential benefits would 
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include increased storage within the customer service area for use during drought or after an 
earthquake, and improving operational flexibility by providing additional storage at various 
points within the treated water distribution system.  The pilot project is evaluating water quality 
impacts caused by injection, storage, and extraction, and determining the level of treatment 
necessary prior to delivery to the District’s customers. 
 
The pilot project site is located in the southwest corner of the District’s water service area in the 
community of San Lorenzo.  The site is located adjacent to the Oro Loma Sanitary District 
Wastewater Treatment Plant, about a quarter mile from San Francisco Bay.  A total of 8 wells 
are located on site at varying depths as presented in Table 3-7. 
 

Table 3-7 
PILOT PROJECT WELLS 

TYPE OF WELL Diameter (inches) Depth (feet) Approx. Radius from 
Demonstration Well (feet) 

Demonstration 18 660 0 
Monitoring 2 660 40 
Monitoring 2 660 50 
Test 6 660 40 
Monitoring 2 190 40 
Monitoring 2 70 40 
Monitoring 2 660 200 
Old Production Well 10 813+ 180 

 
The aquifer zone used for storage consists of three sand/gravel deposits from a depth of between 
550 and 660 feet below the ground surface.  These deposits are overlain by alternating marine 
and alluvial deposits.  Most of the overlying material consists of silts and clays.  The aquifer 
zone is confined, with static water levels approximately 20 feet below the ground surface.  The 
demonstration well produces up to 1800 gallons per minute at a specific capacity of 
approximately 15 gallons per minute per foot of drawdown.  The estimated aquifer transmissivity 
is 100,000 gallons per day per foot. 
 
Native groundwater quality meets primary drinking water standards in California, but is higher in 
mineral content than the District’s imported Sierra Nevada supply.  Water quality issues during 
the pilot project include: increased manganese, chloride and TDS concentrations in the stored 
water, radon, THM reduction, nitrification due to the injection of chloraminated waters, well 
recovery efficiencies, and well clogging. 
  
A total of 100 million gallons of potable water from the District’s distribution system has been 
injected and stored at the pilot facility since December of 1998.  Most of that water has been 
recovered and tested prior to discharge to the local storm drainage system.  Pilot testing will 
continue with an additional injection/storage/extraction cycle lasting from twelve to eighteen 
months starting in August of 1999. 
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In addition to the East Bay Injection/Extraction Pilot Project, the District is either conducting or 
participating in the following related studies: 
 

• A regional hydrogeologic study of the East Bay Plain groundwater basin, including 
development of a groundwater flow model to assess basin performance as part of an 
aquifer storage and recovery (ASR) program. 

• A joint study conducted by the District, Alameda County, and the United States 
Geological Survey (USGS) to determine sources of recharge and direction of 
groundwater flow within the basin using isotopic dating techniques. 

• A second pilot facility in the Oakland area has been explored, but ASR testing has 
been postponed due to the discovery of TCE in deep aquifers (300 feet below ground 
surface). 

• The District is also participating in an ASR pilot study being conducted by the East 
San Joaquin Parties Water Authority in San Joaquin County, California.  The project 
has used raw (untreated) water from the District’s aqueducts for injection testing.  
(The aqueducts cross through San Joaquin County on their way from the Sierra 
Nevada Mountains to the East Bay.) 

 
3.7.2 Surface Water 
Untreated surface water represents another potential replacement source for potable water in 
irrigation, industrial applications, and other nonpotable uses.  Imported Mokelumne River and 
American River water are potential surface water sources because the District has existing water 
rights that are not being fully utilized.  However, these sources will not increase the overall water 
supply in the State.  Since irrigation demands are highest in the summer when local streams have 
minimal flows or are dry, the potential replacement for potable water is low.  However, the 
District is investigating the potential for storing surface water in deep aquifers for later 
extraction.  The District has two non-potable, surface water irrigation projects, Chabot and 
Willow Park Golf Courses.  Use of existing reservoirs (Lake Anza and Lake Temescal) are also a 
potential source of nonpotable water in the service area.   
 
3.7.3 Desalination 
Desalination of San Francisco Bay water is another alternative water supply for the Study Area.  
However, the high cost of treatment and brine disposal it is not likely to be the preferred option.  
Brine disposal and cost are significant concerns with desalination projects. 
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SECTION 4 – WASTEWATER CHARACTERISTICS AND FACILITIES 

 
4.1 WASTEWATER AGENCIES 

The District provides wastewater treatment for all domestic, commercial, and industrial 
wastewater from Alameda, Albany, Berkeley, Emeryville, Oakland, Piedmont, and the Stege 
Sanitary District (consisting of El Cerrito, the Richmond annex, and the Kensington area). The 
wastewater service area (Special District No. 1) serves approximately 600,000 people in an 83-
square-mile area of Alameda and Contra Costa counties along the Bay's east shore, extending 
from Richmond on the north, southward to San Leandro. See Figure 4-1.   
 
The individual communities maintain their own collection systems (sewers and pumping 
stations) which discharge to one of five District-operated intercepting sewers or interceptors.  In 
addition to its Main Wastewater Treatment Plant, the District operates Oakport, Point Isabel and 
San Antonio Creek Wet Weather Treatment Plants, interceptors and the District’s deep water, 3-
mile outfall. 
 
The following elements characterize the District’s wastewater service area: 
 
• A population of more than 610,000 people that includes nearly 175,000 accounts of which 

approximately 15,000 are commercial and industrial users. 
• 1,800 miles of community-owned and maintained sewers 
• 14 pump stations 
• 29 miles of intercepting sewers from 12-inches to 9 feet in diameter 
• Two water recycling facilities.  
• Three wet weather treatment plants. 
 
4.2 MAJOR FACILITIES 

4.2.1 Existing Facilities & Capacities 

The Main Wastewater Treatment Plant (MWWTP), located near the foot of West Grand Avenue 
in Oakland (See Figure 4-1), is designed to provide primary treatment for a flow of up to 415 
mgd and secondary treatment for a maximum flow of 168 mgd. Average daily flow was 97 mgd 
in 1998. Table 4-1 describes plant flows and capacity. 
 
Approximately 1,800 miles of city-owned collecting sewers are connected to the District's 
interceptors paralleling the Bay Shore and extending into Alameda. The reinforced concrete pipe 
intercepting sewers range in diameter from 12 inches to 9 feet and total 29.1 miles in length. 
Fourteen pumping stations, ranging in capacity from 1.5 to 60 mgd, lift wastewater throughout 
the interceptors as it travels to the MWWTP.  The Oakport, Point Isabel, and San Antonio Creek 
Wet Weather Treatment Plants provide additional wet weather capacity of 158 mgd, 100 mgd, 
and 51 mgd, respectively.  The flow to these three treatment plants is discharged back to the 
interceptors or undergoes chlorination, screening for grit removal, sedimentation and 
dechlorination prior to discharge to the San Francisco Bay. 
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Table 4-1 

MWWTP SEASONAL FLOW AND CAPACITY 
 

Flow Season 

 Dry Wet 

Average Influent Flow, mgd 73 130 

Peak Influent Flow, mgd 120 415 

Maximum Flow to Primary 
Treatment, mgd 

168 320 

Maximum Flow to Secondary 
Treatment, mgd 

168 168 

 
 
4.2.2 Plans for New Facilities 

In 1999, the District initiated a 10-year, $52 million program to counter corrosion in manholes 
and 29 miles of interceptor pipelines that bring sewage to the MWWTP.  A $5 million odor 
control project is currently under way. Additionally, the MWWTP is currently converting their 
centrifuges to belt-filter presses.  A new wet weather pump station in Alameda was completed in 
1999 as part of the District’s $240 million program to improve treatment of peak wet weather 
flows. 
 
The District is taking over the Navy’s Alameda Point wastewater pump station and 
approximately two miles of relocated wastewater pipeline due to the military base closure.  The 
District also plans to buy part of the Oakland Army Base property for future wastewater 
treatment plant expansions. 
 
The District’s seismic improvement program includes capital improvements such as structural 
retrofits to existing facilities, repairs, acquisition of emergency pumping, power generating 
equipment, and replacement of the power distribution system at the MWWTP.  Major projects 
include the MWWTP Power Distribution System upgrade and the Seismic Repairs project. 
Improvements are in the planning or design phase for eight remote wastewater pump stations.  
Approximately $9.9 million will be spent over the next 5 years on these facilities. 
   
4.2.3 Description of Treatment Processes 

Treatment processes at the MWWTP include prechlorination, screening, grit removal, primary 
sedimentation, secondary treatment using high purity oxygen activated sludge, final clarification, 
scum disposal, sludge digestion, sludge composting, and power cogeneration utilizing digester 
gas. The treated effluent is disinfected with sodium hypochlorite and dechlorinated with sodium 
bisulfite prior to discharge into San Francisco Bay, one mile off the East Bay shore.  A process 
schematic for MWWTP is shown in Figure 4-2, and treatment process efficiency is shown in 
Table 4-2. 
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4.3 WATER QUALITY & QUANTITY 

Table 4-2 summarizes effluent water quality by month and seasonal flow for the MWWTP in 
1998. 
 
 
4.4 ADDITIONAL FACILITIES 

No additional facilities are required to comply with waste discharge requirements. 
 
 
4.5 SOURCE CONTROL 

The Source Control Division is responsible for monitoring and controlling wastewater discharges 
from residential, commercial, and industrial customers.  The goal of these activities is to 
minimize the quantity of toxics entering the plant in order to reduce emissions to the air, land, 
and water. 
 
4.5.1 Industrial Discharger Section 

The Industrial Discharger Section implements and enforces the Wastewater Control Ordinance 
affecting all dischargers to the wastewater system.  Pretreatment permits are issued to critical 
facilities to establish site-specific discharge conditions.  Compliance is monitored and 
enforcement actions are taken against violators.  
 
4.5.2 Pretreatment Program 

The Source Control Division focuses on regulating discharges from major industries and certain 
commercial dischargers.   As a result, since 1972, a 93% reduction in toxic heavy metals 
discharge has been measured at the treatment plant headworks.  At the end of FY 97, there was 
one significant violator and only three dischargers had inconsistent violations of Federal 
Categorical Pretreatment Standards.  The District’s pretreatment program received its third 
Environmental Protection Agency (EPA) National Excellence Award in October 1997. 
 
4.5.3 Pollution Prevention Program 

The Pollution Prevention Program combines regulatory and educational efforts to guide 
industrial and commercial customers in modifying their operations so that waste products can be 
recycled, rendered less toxic, or reduced in volume.  Regulatory action included issuing permits 
with prohibitions or Best Management Practices to commercial facilities.  Educational efforts 
included compiling and distributing information and guidance on waste reduction opportunities 
and alternatives.  The expansion of the permit program increased the total number of Wastewater 
Discharge Permits to 1,675. 



East Bayshore Recycled Water Project 
 Facilities Plan    Section 4 – Wastewater Characteristics 

Table 4-2 
WASTEWATER TREATMENT PLANT OPERATING DATA - 1998 

 
GENERAL PLANT DATA JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVG MAX MIN TOTAL

 FLOW DATA              

   
            

               
                

               

                
               
             

               
               

                
                

               
               

               
                

             
  

  

                

                
                

 

INFLUENT FLOW (MG) 4267 6087 2952
 

2683 2662 2246 2239 2196 
 

2111 2052 3216 2276
 

2916 6087 2052 
 

34987
DAILY AVERAGE (MGD)

 
138 217 95 89 86 75 72 71 70 66 107 73 97 217 66

DAILY MAX (MGD) 234 282 137 126 140 84 89 77 76 80 201 140 139 282 76
DAILY MIN (MGD) 71 107 82 73 73 65 63 64 64 13 83 50 67 107 13
INFLUENT QUALITY 

BOD (mg/l)
 

136 119 193 200 193 229 241 249 239 222 211 216 204 249 119
TSS (mg/l)

 
224 264 292 306 246 259 287 221 252 250 241 183 252 306

 
183

 pH 6.9 7.7 7.0 6.8 6.8 6.6 6.4 6.6 6.7 6.7 6.7 6.7 6.8 8 6
EFFLUENT QUALITY 

 BOD (mg/l) 12 17 10 11 14 17 14 14 15 14 14 14 14 17 10
TSS (mg/l) 19 21 13 14 13 19 21 18 14 11 13 12 16 21 11
SETTABLE SOLIDS (mg/l/hr)

 
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.0

pH 6.6 6.7 6.5 6.5 6.5 6.5 6.4 6.4 6.3 6.4 6.5 6.4 6.5 6.7 6.3
OVERALL REMOVAL 
EFFICIENCY(%) 

 BOD (%) 89 85 94 94 93 92 94 94 94 93 93 93 92 94 85
TSS (%) 89 86 93 92 93 92 91 92 93 95 94 93 92 95 86
POWER GENERATION 
ELECTRICITY PRODUCED 
(Mwh) 

2176 1630 2156 1840 2244 2135 1734 1996 2065 2029 2027 2544 2048 2544 1630 24576

PGE POWER CONSUMED 
(Mwh) 

3917 4416 3921 2986 2338 2034 2457 2235 2205 2445 2606 2075 2803 4416 2034 33635

RAINFALL 

NUMBER OF DAYS 20 18 7 5 0 0 0 0 2 1 10 4 6 20 0 67
CUMULATIVE INCHES 6.88 7.14 0.72 0.67 0.00 0.00 0.00 0.00 0.01 0.24 1.37 0.51 1.46 7.14 0.00 17.56
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PRIMARY TREATMENT PROCESS JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVG MAX MIN TOTAL 

REMOVAL EFFICIENCY(%) 
 

                
                

                 
                 

              
              

BOD (%) 30 17 35 43 30 33 23 20 29 24 21 24 27 43 17
TSS (%) 118 9 16 42 24 31 8 10 12 50 48 44 34 118 8
TANKS IN SERVICE 13 15 13 13 10 12 9 10 10 10 12 15 12 15 9
SLUDGE WITHDRAWN (k lbs)

 
4233 4243 1227 1007 1036 1138 686 2077 1841 3441 

 
3959 

 
3608 2375 4243 686 28496

SLUDGE (%TS) 5.6 6.2 6.7 5.7 6.1 6.3 5.0 5.1 5.4 5.1 5.3 4.9 5.6 6.7 4.9
SECONDARY TREATMENT 
PROCESS 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVG MAX MIN TOTAL 

REMOVAL EFFICIENCY (%) 
 

                 
                

                 
               

                

            
               

               
                 

                
                

BOD (%) 95 92 93 91 94 93 94 95 95 94 94 94 94 95 91
TSS (%) 85 91 90 90 92 89 91 92 92 91 89 90 90 92 85
ACTIVATED SLUDGE 
NUMBER OF REACTORS IN 
SERVICE 

8.0 8.0 7.8 5.8 4.0 4.0 4.0 4.0 4.0 5.5 5.8 6.6 5.6 8.0 4.0

MLTSS (mg/l) 1771 1587 1548 1857 1984 2123 2487 2003 2137 1497 
 

1561 
 

1488 1837 2487 1488
RETURN SLUDGE (%TS) 0.59 0.65 0.74 0.67 0.69 0.67 0.84 0.68 0.68 0.49 0.63 0.55 0.66 0.84 0.49
OXYGEN GENERATION 
O2 PRODUCTION (mil cu ft)

 
77 65 86 80 85 78 85 83 79 88 85 86 81 88 65 975

O2 PURITY (%) 97.2 95.3 98.4 98.1 98.6 98.0 97.7 97.1 97.0 97.4 97.2 97.2 97.4 98.6 95.3
 POWER CONSUMPTION (M Wh) 801 741 1047 787 1062 1123 1062 972 1127 1174 1054 983 994 1174 741 11932

DIGESTION               
TOTAL SLUDGE FEED (K lbs) 

 
4185 

 
5988 3195           

          
             

              
                

              
              
                

3985
 

6408 5009 5332
 

9949 8400 6139 7016 6260 5989 9949 3195
 

71865
PRIMARY SLUDGE (K lbs) 933 4243

 
2116 855 2000 1138 686 5536 3815 3441 3733 3608 2675 5536 686

 
32104

SECONDARY SLUDGE (K lbs) 3252
 

94 1968 3131 4408 3871 4645 4412 4585 3115 
 

3057 
 

2652 3266 4645 94 39189
TOTAL GAS PRODUCTION (mil cu ft)

 
42 31 38 40 39 40 36 33 32 22 30 34 35 42 22 417

VOLATILE SOLID REDUCTION (%) 38 44 64 58 48 59 55 52 54 53 54 53 53 64 38
HYDRAULIC DETENTION TIME (d) 

 
191 180 144 225 132 145 44 78 44 45 43 91 114 225 43  

ALKALINITY (mg/l AS CaCO3)
 

5036 5382 4804 4879 4967 5468 4676 4548 5143 5425 
 

5500 
 

5267 5091 5500 4548
VOLATILE ACIDS (mg/l)

 
266 231 306 271 724 326 248 561 291 157 124 138 303 724 124

TOTAL SOLIDS (%) 5.8 6.8 7.6 5.5 5.8 5.8 2.0 5.5 5.2 6.6 7.6 5.0 5.8 7.6 2.0
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4.5.4 Discharge Permits and Enforcement 

The District’s Pretreatment Program regulates a total of 116 significant industrial users.  The 
District issues Wastewater Discharge Permits or applies other discharge conditions for each of 
these significant industries.  The 116 permitted industries account for 70% of the industrial 
wastewater flow received at the treatment plant. Pollution Prevention Permits issued totals 1,559 
users including 10 radiator shops, 67 photoprocessors, 82 dry cleaners, and 809 auto repair 
shops.   
 
4.5.5 Field Services Section 

The Field Services Section works closely with the Industrial Discharger Section in developing 
and carrying out programs to control sources of toxics.  Most of the Field Services Section’s time 
and resources are allocated to the inspection of industrial, commercial, and residential discharges 
to determine compliance with regulations.  During FY 97, the section conducted inspections for 
410 industrial dischargers, 332 commercial users, and 1,323 accounts for business classification 
verification. The Field Services Section conducts all wastewater field sampling and inspection 
for District facilities and prepares compliance reports for regulatory agencies.  The Section also 
provides consultation on hazardous material spills onto District property or by District crews. 
 
4.5.6 Toxics Reduction 

Dischargers of heavy metals to the San Francisco Bay were reduced 4% during last year, 
bringing the overall headworks reduction to 93%.  This improvement was a result of identifying, 
investigating, and regulating small quantity generators of toxic substances. 
 
4.5.7 Receiving Water Monitoring 

The 25-foot Skipjack boat called the Bay Monitor is used to conduct the District’s regular 
sampling of the San Francisco Bay.  The boat is used to support on-going coliform testing and 
was used to monitor the impacts of the District’s wet weather treatment facilities.  The boat is 
immediately available to monitor the condition of the San Francisco Bay during an emergency 
event. 
 
4.6 EXISTING RECYCLING PROGRAM 

4.6.1 Existing Recycled Water Users 

The District currently provides recycled water to 8 sites for non-residential, commercial and 
industrial uses which are described below. Figure 4-3 depicts existing water reuse sites and types 
of uses.  Site maps for existing projects are shown in Appendix E. 

 
District MWWTP Water Recycling. 

In 1971, the District constructed tertiary treatment facilities (Process Water Plant) for 
wastewater plant process and landscape irrigation uses at the MWWTP in addition to 
providing water for construction projects.  The Process Water Plant has a design capacity of 
one million gallons per day (mgd).   
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In-line filters were installed in 1999, and are used to treat disinfected, secondary effluent.  
This recycled water is used for plant washdown, irrigation, and process water.  In addition, 
the District developed a Construction Water Reuse Program to comply with the requirements 
of RWQCB’s Order No. 91-042.  Recycled water is available from the MWWTP to fill water 
trucks or tanker trucks.  Allowable uses include roadway landscaping, dust control, soil 
compaction, and street cleaning in designated areas. See Appendix D for the Construction 
Reuse Guidelines.  The average total annual use at the MWWTP was 4.2 mgd for 1998. 

 
Richmond Golf Course.  

In 1984, the District began supplying recycled water from the West County Wastewater 
District (WCWD) wastewater treatment plant for irrigation to the Richmond Golf and 
Country Club. The WCWD treatment plant provides pretreatment, primary clarification, 
activated sludge secondary treatment, and chlorination.  It produces “disinfected secondary 
23 recycled water” which meets Department of Health Services (DOHS) coliform standards 
for irrigation use.  One hundred and fifty acres are irrigated, resulting in an estimated average 
consumption of 0.16 mgd. The District contracts out the maintenance and operation of the 
pump station to WCWD, while the Richmond Country Club actually owns the pump station, 
transmission pipeline, and 3-acre storage pond.  
 

San Leandro Reclamation Facility 
In July 1988, the District constructed the San Leandro Reclamation Facility (SLRF) to serve 
recycled water from the City of San Leandro’s Water Pollution Control Plant (SLWPCP).  
Dual media filters followed by disinfection with sodium hypochlorite are used to meet Title 
22 standards for Disinfected Secondary 23 Reclaimed Water. The reclamation treatment 
facilities include a high head pumping station, chlorination and dechlorination facilities, and 
surge control systems.  Customers currently served by the SLRF include: 

 
a) Galbraith Golf Course.  In 1988, the District began serving the Galbraith Golf Course.  

Although the golf course is temporarily closed during the completion of the Bay 
Dredging Project, a new course is currently in design and scheduled to be completed 
within 2-4 years.  The SLRF delivered an average of 0.24 mgd of disinfected 
secondary effluent to the golf course and soccer fields.  

 
b) Alameda Golf Complex.   In July 1991, the District extended the SLRF to include the 

Alameda (Chuck Corica) Golf Complex.  Facilities include minor SLWPCP control 
modifications and installation of just over three miles of pipeline.  The project delivers 
an average of 0.38 mgd to the Golf Complex. 

 
c) Harbor Bay Parkway.  As part of the SLRF expansion, the District added piping to 

serve the nearby Harbor Bay Parkway.  The average delivery is 0.03 mgd for median 
landscaping.   

 
Caltrans I-580 and I-880.   

In November 1995, the District completed the Caltrans/LAVWMA Water Reclamation 
Project which connected the Livermore-Amador Valley Water Management Agency 
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 (LAVWMA) pipeline to the District’s Lewelling and Grove Way Blvd Pump Stations. The 
LAVWMA pipeline supplies disinfected secondary effluent from the City of Livermore and 
the Dublin San Ramon Services District wastewater treatment plants.  Anthracite filters 
followed by disinfection with sodium hypochlorite are used to meet the Title 22 requirement 
of 23 MPN for total coliform bacteria.  The recycled water is used to irrigate freeway 
landscaping in portions of Castro Valley, Hayward, San Leandro, and Union City.  The 
Lewelling Pump Station irrigates Interstate 880 landscaping, while the Grove Way Blvd 
Pump Station irrigates Interstate 580.  Last year 30 MG of recycled water was used to irrigate 
18 miles of landscape.   

 
Chevron Oil Refinery.   

In 1995, the District began supplying recycled water from the West County Wastewater 
District wastewater treatment plant to Chevron Oil Refinery for recirculating cooling towers.  
The Chevron Oil Refinery is the largest single user of recycled water in the District’s service 
area.  Facilities include a tertiary treatment plant (the North Richmond Water Reclamation 
Plant) and approximately 5 miles of supply pipeline.  Secondary effluent from WCWD is 
treated and clarified in reactor clarifiers where lime-soda ash softening technology removes 
calcium, phosphorus and magnesium.  The water is then neutralized with sulfuric acid and 
passed through a sand filter to remove any remaining solid material.  The reclaimed water is 
disinfected with sodium hypochlorite to meet tertiary treatment levels.  While the North 
Richmond Water Reclamation Plant has a capacity of 5.4 mgd, the average demand in 1998 
was 0.77 mgd.   

 
Table 4-3 summarizes recycled water use and demand at facilities.  Table 4-4 describes level of 
treatment from each recycled water supply source.   
 
4.6.2 Pricing Arrangements 

Currently, each non-potable customer has a separate recycled water agreement that includes the 
price of recycled water as a percentage of the current potable water price.  However, future 
recycled water customers will no longer have individual agreements, but will pay a fixed 
recycled water rate set according to the District’s rate structure.  The cost of recycled water will 
be equivalent to that of the lowest tier of potable water.  However, the customer will realize 
approximately 4% savings on their monthly water rates since seismic surcharges do not apply to 
recycled water.  In addition, in times of drought no rationing and no drought surcharges will be 
applied.  For existing customers that are asked by the District to convert part or all of their 
system to recycled water, the District will pay for any dual plumbing retrofit costs required.  For 
new customers, much lower system capacity charges for non-potable water meters offer a 
financial incentive to dual plumb. 
 
4.7 WATER SUPPLY RIGHTS 

Special District No. 1 is located within the District’s potable water service area, therefore no 
other wastewater agencies have jurisdiction over the source of recycled water and no joint 
agency agreements will be required for the East Bayshore Recycled Water Project. 
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Table 4-3 
EXISTING RECYCLED WATER PROJECTS 

 
 

USER 
 

WATER SUPPLY 
SOURCE 

 
RECYCLED WATER 

USE 

 
ACRES 

ANNUAL 
AVERAGE 
DEMAND 

(mgd) 

TOTAL 
1998 

DEMAND 
(MG) 

YEAR 
INITIATED 

District      MWWTP
Secondary Effluent 

• Washdown Water  
• Construction Water 

n/a 3.88 1,415 1970s

District      MWWTP
Process Water Plant 

• Landscape 
Irrigation 

• Seal Water 

n/a 0.41 150 1971

Richmond Golf Course & 
Country Club 

West County 
Wastewater District 
WWTP 

• Golf Course 
Irrigation 

100 0.05 Up to 17 1984 

Galbraith Golf Course SLWPCP • Golf Course 
Irrigation 

110   0.16 58
(currently under 

construction) 

1988 

Alameda Golf Complex  SLWPCP • Golf Course 
Irrigation 

550    0.32 115 1991

Harbor Bay Business Park 
Assoc. – Harbor Parkway 

SLWPCP • Landscape 
Irrigation 

12    0.02 7 1991

Caltrans – Lewelling Blvd 
Pump Station  

DSRSD & City of 
Livermore WWTPs 
(LAVWMA)  

• Landscape 
Irrigation 

 

63    0.07 27 1995

Caltrans – Grove Way 
Pump Station 

DSRSD & City of 
Livermore WWTPs 
(LAVWMA)  

• Landscape 
Irrigation 

7 

 

0.01   3 1995

Chevron Refinery West County 
Wastewater District 
WWTP 

• Cooling Tower 
Water 

n/a    0.77 280 1995
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Table 4-4 
LEVEL OF TREATMENT OF SUPPLY SOURCE 

 
 

PLANT 
MONO/DUAL 

MEDIA 
FILTRATION 

 
DISINFECTION 

 
CHEMICAL 
ADDITION 

 
CLARIFICATION 

 
TITLE 22 WATER PRODUCED 

    23
MPN 

 2.2 
MPN 

Disinfected
Secondary 2.2 

Recycled 
Water 

 Disinfected 
Secondary 23 

Recycled 
Water 

Disinfected 
Tertiary 
Recycled 

Water 

MWWTP a a     a  

Process Water 
Plant at 
MWWTP 

a  a     a

North 
Richmond 
Water 
Reclamation 
Plant 

a  a a a   a

DSRSD/City of 
Livermore 

a a     a  

West County 
Wastewater 
District 

a a     a  
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SECTION 5 – TREATMENT REQUIREMENTS FOR DISCHARGE AND 
REUSE 

5.1 RECYCLED WATER  

Recycled water, as defined in Division 7, Chapter 2, Section 13050, of the Water Code of the 
State of California, is water which, as a result of treatment of waste, is suitable for a direct 
beneficial use or a controlled use that would not otherwise occur and is therefore considered a 
valuable resource.  The intent of using recycled water is to supplement the use of existing 
potable water sources in order to assist in meeting the future water requirements of the State.  
The Water Code goes on to state in Section 13550 that: 
 
“The Legislature hereby finds and declares that the use of potable domestic water for nonpotable 
uses, including, but not limited to, cemeteries, golf courses, parks, highway landscaped areas, 
and industrial and irrigation uses, is a waste or and unreasonable use of the water within the 
meaning of Section 2 of Article X of the California Constitution if recycled water is available 
which meets all of the following conditions, as determined by the state board…:  (1) The source 
of recycled water is of adequate quality for these uses and is available for these uses….; (2) The 
recycled water may be furnished for these uses at a reasonable cost to the user…; (3) …the use 
of recycled water from the proposed source will not be detrimental to public health; and (4) The 
use of recycled water for these uses will not adversely affect downstream water rights, will not 
degrade water quality, and is determined not to be injurious to plant life, fish, and wildlife.” 
 
It is the policy of the District to promote recycled water to its customers for appropriate purposes 
on a voluntary basis.  However, in order to ensure that the District’s water supply goals are met, 
the District may require that its customers or applicants for service use non-potable water for 
non-domestic purposes when it is of adequate quality and quantity, available at reasonable cost, 
not detrimental to public health and not injurious to plant life, fish and wildlife.  A copy of the 
District’s policy on non-potable water (Policy 73) is contained in Appendix B. 
 
The California Department of Health Services (DOHS) is responsible for establishing regulations 
for the use of recycled water, which protect public health.  The State Water Resources Control 
Board is responsible for issuing permits for individual projects in conformance with the 
regulations adopted by the DOHS.   
 
5.2 HEALTH RELATED WATER QUALITY AND TREATMENT REQUIREMENTS 

Under the Porter-Cologne Act, the California State Department of Health Services was given 
authority to establish statewide criteria for each type of use of recycled water where the use 
involves the protection of public health.  Recycling criteria are criteria which define both the 
levels of constituents of recycled water and the means for assuring the reliability of treatment 
processes that will result in recycled water that is safe from the standpoint of public health for 
the uses that the recycled water is intended.  Water Recycling Criteria are defined within Chapter 
3 of the California Administrative Code, Title 22, Division 4, Environmental Health (Title 22).  
Title 22 was originally approved in 1978, and updated in December 2000.  This Project will be in 
compliance with the December 2000 Title 22 guidelines. 
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Title 22 sets bacteriological water quality standards on the basis of the expected degree of 
potential public contact with the recycled water. The following three levels of treatment are 
established for recycled water by Title 22: 
 

 Disinfected Secondary – 2.2 Recycled Water:  “Disinfected secondary – 2.2 recycled water” 
means recycled water that has been oxidized and disinfected so that the median concentration 
of total coliform bacteria in the disinfected effluent does not exceed a most probable number 
(MPN) of 2.2 per 100 milliliters utilizing the bacteriological results of the last seven days for 
which analyses have been completed, and the number of total coliform bacteria does not 
exceed an MPN of 23 per 100 milliliters in more than one sample in any 30 day period. 

 
 Disinfected Secondary – 23 Recycled Water:  “Disinfected secondary – 23 recycled water” 

means recycled water that has been oxidized and disinfected so that the median concentration 
of total coliform bacteria in the disinfected effluent does not exceed a most probable number 
(MPN) of 23 per 100 milliliters utilizing the bacteriological results of the last seven days for 
which analyses have been completed, and the number of total coliform bacteria does not 
exceed an MPN of 240 per 100 milliliters in more than one sample in any 30 day period. 

 
 Disinfected Tertiary Recycled Water:  “Disinfected tertiary recycled water” means a filtered 

and subsequently disinfected wastewater that meets the following criteria: 
(a) The filtered wastewater has been disinfected by either: 

(1) A  chlorine disinfection process following filtration that provides a CT (the 
product of total chlorine residual and modal contact time measured at the same 
point) value of not less than 450 milligram-minutes per liter at all times with a 
modal contact time of at least 90 minutes, based on peak dry weather design flow; 
or 

(2) A disinfection process that, when combined with the filtration process, has been 
demonstrated to inactivate and/or remove 99.999 percent of the plaque-forming 
units of F – specific bacteriophage MS2, or polio virus in the wastewater.  A virus 
that is at least as resistant to disinfection as polio virus may be used for purposes 
of the demonstration. 

(b) The median concentration of total coliform bacteria measured in the disinfected effluent 
does not exceed an MPN of 2.2 per 100 milliliters utilizing the bacteriological results of 
the last seven days for which analyses have been completed and the number of total 
coliform bacteria does not exceed an MPN of 23 per 100 milliliters in more than one 
sample in any 30 day period.  No sample shall exceed an MPN of 240 total coliform 
bacteria per 100 milliliters. 

 
The RWQCB (San Francisco Bay Region) issued General Water Reuse Requirements for 
Municipal Wastewater and Water Agencies in the San Francisco Bay Region in 1996.  Order No. 
96-011 serves as a General Water Reuse Order authorizing municipal wastewater reuse by 
producers, distributors and users of recycled water throughout the Bay Area, including this 
Project’s Study Area.  This order establishes prohibitions, recycled water quality requirements 
and limitations, water reuse program provisions, and general provisions for recycled water 
programs in the San Francisco Bay Region which are required to meet Title 22 Regulations.  
Table 5-1 summarizes suitable uses for various recycled water treatment levels as established in 
Order No. 96-011.  A copy of order No. 96-011 is included in Appendix C. 
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5.3 RECYCLED WATER QUALITY BY USE 

 
The East Bayshore Recycled Water Project would use recycled water, produced at the District’s 
MWWTP, to irrigate urban landscape systems, parks, recreation fields and golf courses.  Dual 
plumbing of new commercial buildings and some industrial and commercial applications are also 
being investigated.  Table 5-2 lists the various types of use for the recycled water which were 
considered for the Study Area, and the corresponding level of treatment that is required per Title 
22.  The table also includes information on the level of treatment that will be provided for the 
various uses by the treatment facilities for the East Bayshore Recycled Water Project.  It should 
be noted that the recycled water will meet the water quality requirements for disinfected tertiary 
recycled water, for unrestricted use, contained in Title 22 of the California Code of Regulations 
(CCR).  The District’s effluent requires filtration and disinfection in order to meet Title 22 water 
quality requirements.  
 
The RWQCB (San Francisco Bay Region) will issue a water reuse permit, or “Water Reuse 
Requirements” under Order No. 96-011, permitting the use of recycled water for the applications 
required for this project, as identified in Table 5-2.  The RWQCB must consult with DOHS and 
consider its recommendations before issuing a reclamation permit.  The RWQCB is currently 
using the December 2000 Title 22 Water Recycling Criteria as a guide for developing permits. 
 
As part of the permit application to the RWQCB, an Engineering Report will be prepared and 
submitted in accordance with the “Guidelines for the Preparation of an Engineering Report on 
the Production, Use and Distribution of Reclaimed Water” (June 10, 1998). 
 
5.4 OPERATIONAL AND ON-SITE REQUIREMENTS FOR RECYCLED WATER FACILITIES 
 
In addition to establishing recycled water quality standards, Title 22 specifies the reliability and 
redundancy for each recycled water treatment and use operation.  Treatment plant design must 
allow for efficiency and convenience in operation and maintenance and provide the highest 
possible degree of treatment under varying circumstances.  For recycled water piping, the DOHS 
has requirements for preventing backflow of recycled water into the public water system and for  
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Table 5-1   
SUITABLE USES* OF RECYCLED WATER 

 
USE OF RECYCLED WATER TREATMENT LEVEL 

 Tertiary 
Recycled Water 

Secondary-2.2 
Recycled Water 

Secondary-23 
Recycled Water 

Irrigation of:    
Food crops – contact with edible portion of crop Allowed Not Allowed Not Allowed 
Parks and playgrounds Allowed Not Allowed Not Allowed 
School yards Allowed Not Allowed Not Allowed 
Residential landscaping Allowed Not Allowed Not Allowed 
Unrestricted access golf courses Allowed Not Allowed Not Allowed 
Any other irrigation uses not prohibited by other prov. of CCR Allowed Not Allowed Not Allowed 
Food crops – edible portion above gd/ not in contact w/ recl. water Allowed Allowed Not Allowed 
Cemeteries Allowed Allowed Allowed 
Freeway landscaping Allowed Allowed Allowed 
Restricted access golf courses Allowed Allowed Allowed 
Ornamental nursery stock and sod farms Allowed Allowed Allowed 
Pasture for milk animals Allowed Allowed Allowed 
Any nonedible vegetation with access control to prevent uses as if it 
were a park, playground or schoolyard 

Allowed Allowed Allowed 

Orchards w/ no contact between edible portion and recl. water Allowed Allowed Allowed 
Vineyards w/ no contact between edible portion and recl. water Allowed Allowed Allowed 
Non food bearing trees not irrigated <14 days of harvest Allowed Allowed Allowed 
Fodder crops (e.g. alfalfa) and fiber crops (e.g. cotton) Allowed Allowed Allowed 
Seed crops not eaten by humans Allowed Allowed Allowed 
Food crops that undergo commercial pathogen-destroying 
processing before human consumption (e.g. sugar beets) 

Allowed Allowed Allowed 

Supply for impoundments:    
Nonrestricted rec. impound., w/ suppl. monit. for path. org. Allowed** Not Allowed Not Allowed 
Restricted impoundments and fish hatcheries Allowed Allowed Not Allowed 
Landscape impoundments w/o decorative fountains Allowed Allowed Allowed 
Supply for cooling or air conditioning:    
Ind. or comm. cooling or air cond. w/ cooling tower, evaporative 
condenser, or a spraying that creates a mist 

Allowed*** Not Allowed Not Allowed 

Ind. Or comm. Cooling or air cond. w/o cooling tower, evaporative 
condenser, or a spraying that creates a mist 

Allowed Allowed Allowed 

Other uses:    
Flushing toilets and urinals Allowed Not Allowed Not Allowed 
Priming drain tap Allowed Not Allowed Not Allowed 
Industrial process water that may contact workers Allowed Not Allowed Not Allowed 
Structural fire fighting Allowed Not Allowed Not Allowed 
Decorative fountains Allowed Not Allowed Not Allowed 
Commercial laundries Allowed Not Allowed Not Allowed 
Consolidation of  backfill material around potable water pipelines Allowed Not Allowed Not Allowed 
Artificial snow making for commercial outdoor uses Allowed Not Allowed Not Allowed 
Industrial boiler feed Allowed Allowed Allowed 
Nonstructural fire fighting Allowed Allowed Allowed 
Backfill consolidation around nonpotable piping Allowed Allowed Allowed 
Soil compaction Allowed Allowed Allowed 
Mixing concrete Allowed Allowed Allowed 
Dust control on roads and streets Allowed Allowed Allowed 
Cleaning roads, sidewalks, and outdoor work areas Allowed Allowed Allowed 
Flushing sanitary sewers Allowed Allowed Allowed 
     
*       Refer to the full text of Title 22 
**     With “conventional tertiary treatment” additional monitoring may be necessary 
***   Drift eliminators and/or biocides are required if public or employees can be exposed to mist. 
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Table 5-2 

PROPOSED USES FOR RECYCLED WATER AND LEVEL OF TREATMENT 
REQUIRED PER TITLE 22 

 
Type of Use Regulatory Level of Treatment 

Required 
Level of Treatment to be Provided 

Irrigation of:   
Parks & Playgrounds Disinfected Tertiary Treatment Disinfected Tertiary Treatment 
School Yards Disinfected Tertiary Treatment Disinfected Tertiary Treatment 
Residential Landscaping Disinfected Tertiary Treatment Disinfected Tertiary Treatment 
Unrestricted access golf 
courses 

Disinfected Tertiary Treatment Disinfected Tertiary Treatment 

Freeway Landscaping Disinfected Secondary-23 Disinfected Tertiary Treatment 
Restricted Access Golf 
Courses 

Disinfected Secondary-23 Disinfected Tertiary Treatment 

Supply for cooling or 
air conditioning: 

  

Industrial or commercial 
cooling or air 
conditioning with 
cooling tower, 
evaporative condenser, 
or spraying that creates a 
mist 

Disinfected Tertiary Treatment Disinfected Tertiary Treatment 

Industrial or commercial 
cooling or air 
conditioning without 
cooling tower, 
evaporative condenser, 
or spraying that creates a 
mist 

Disinfected Secondary-23 Disinfected Tertiary Treatment 

Other Uses:   
Flushing Toilets & 
Urinals 

Disinfected Tertiary Treatment Disinfected Tertiary Treatment 

Industrial Process Water 
that may Contact 
Workers 

Disinfected Tertiary Treatment Disinfected Tertiary Treatment 

Decorative Fountains Disinfected Tertiary Treatment Disinfected Tertiary Treatment 
Industrial Boiler Feed 
Water 

Disinfected Secondary-23 Disinfected Tertiary Treatment (Reverse 
Osmosis provided by customer) 

Cleaning roads, 
sidewalks and outdoor 
work areas 

Disinfected Secondary-23 Disinfected Tertiary Treatment 
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avoiding cross-connection between the recycled and potable water systems.  Title 17 – Public 
Health, of the California Health and Safety Code and California Administrative Code (Title 17) 
contains regulations relating to cross connections and the installation of backflow preventers. 
 
Title 17 defines a program which is implemented directly by the water supplier or by means of a 
contract with the local health agency.  This program is intended to protect the public potable 
water supply from contamination through the implementation of a cross-connection control 
program.  The program is comprised of six elements.  The first is adopting operating rules or 
ordinances to implement the cross-connection program.  The second is conducting surveys to 
identify water user premises where cross-connections are likely to occur.  The third is providing 
backflow prevention by the water user at the user’s connection or within the user’s premises or 
both.  The fourth is providing at least one person trained in cross-connection control to carry out 
the cross-connection program.  The fifth is establishing a procedure or system for testing 
backflow preventers.  The sixth is maintaining records of locations, tests, and repairs of backflow 
preventers.  Per Title 17, “the type of protection that shall be provided to prevent backflow into 
the public water supply shall be commensurate with the degree of hazard that exists on the 
consumer’s premises.  The type of protective device that may be required (listed in an increasing 
level of protection) includes:  Double Check Valve Assembly, Reduced Pressure Principle 
Backflow Prevention Device, and an Air-gap Separation.”  Title 17 goes on to define the 
minimum types of backflow protection required to protect the public water supply, at the water 
user’s connection to premises with various degrees of hazard.  
 
Other regulations which govern the design and installation of recycled water facilities include the 
Uniform Plumbing Code, which contains requirements for the installation, construction, 
alteration, and repair of recycled water systems intended to supply toilets, urinals, and trap 
primers for floor drains and floor sinks.  The designers of the new building systems, or retrofit 
systems, will follow this code.  
 
The California-Nevada Section of the American Water Works Association has issued guidelines 
for planning, designing, constructing, and operating recycled water systems.  These guidelines 
provide essential design criteria and specifications for the construction of transmission, storage, 
pumping, and other facilities.  For example, the guidelines recommend a pressure differential in 
the distribution lines of 10 psi or greater be maintained (with the potable water system supply 
having the higher pressure.)  The top of the pipe carrying the recycled water should be a 
minimum 36 inches below the finished street grade.  Recycled water lines parallel to potable 
water lines should be installed at least ten feet horizontally from and one foot lower than the 
potable water lines.  Recycled water lines should cross a minimum of one foot below potable 
water lines.  The guidelines also contain recommendations regarding the marking or labeling of 
the recycled water distribution pipes and valve boxes.  As each phase of the East Bayshore 
project unfolds, and new users are served by the District’s recycled water distribution network, 
these guidelines should be referenced to insure compliance of the new or retrofitted facilities 
with the recommendations contained in the guidelines. 
  
5.5 WASTEWATER DISCHARGE REQUIREMENTS 

Title 22 regulations establish that only effluent from a treatment plant that treats municipal 
sewage can be used as a source for recycled water.  At this time, there are no published 
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guidelines or requirements regarding the quality of the  effluent.  Prior to developing a recycled 
water project, however, potential sources must be carefully analyzed to establish the effluent’s 
suitability for reclamation and reuse.  Effluent water quality sampling and analysis are required 
as a condition of a sewage treatment plant’s discharge permits.  The specific parameters tested 
for are those required for preserving the water quality of the receiving water body.  Some of 
these parameters include biochemical oxygen demand, suspended solids, coliform (or other 
indicators), nutrients, and, sometimes, toxic organics and metals.  This information is useful in 
the evaluation of the suitability of a potential source’s effluent for use in a recycled water 
program.  Depending on the ultimate use of the recycled water, additional testing may be 
required on the proposed effluent.  
 
 
5.6 RWQCB SURFACE & GROUNDWATER PROTECTION 

Order 96-011, “General Water Reuse Requirements for Municipal Wastewater and Water 
Agencies” covers all new recycled water projects throughout the state RWQCB San Francisco 
Bay region.  Therefore, the East Bayshore Recycled Water Project will be covered by this order.  
This order contains a number of provisions intended to protect the regions surface waters and 
groundwater.  These provisions include the following: 
 
♦ No recycled water shall be applied to irrigation areas during periods when soils are saturated. 
 
♦ Recycled water shall not be allowed to escape from the designated use area(s) as surface flow 

that would either pond and/or enter waters of the state.   
 
♦ Recycled secondary treated water shall not be allowed to escape from the designated use 

area(s) as an airborne spray that would visibly wet vegetation or any other surface. 
 
♦ Secondary recycled water shall not be applied so as to cause runoff or degradation of any 

water body or wetland. 
 
♦ Recycled water shall not be applied in groundwater recharge and wellhead protection areas 

(so designated by local agencies). 
 
♦ The use of recycled water shall not cause rising groundwater discharging to surface waters to 

impair surface water quality objectives or beneficial uses. 
 
♦ The incidental discharge of recycled water to waters of the State shall not unreasonably affect 

present and anticipated beneficial uses of water, and not result in water quality less than that 
prescribed in water quality control plans or policies. 

 
♦ No recycled water shall be discharged from treatment facilities, irrigation holding tanks, 

storage ponds, or other containment, other than for permitted reuse in accordance with this 
Order, other Board issued Waste Discharge Requirements or NPDES permits, contingency 
plan in an approved Water Reuse Program (NOI report) or for discharge to a municipal 
sewage treatment system. 
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♦ The Producer shall comply with the self-monitoring program as adopted by the Board and as 
may be amended by the Executive Officer.  The Producer is responsible for collecting reports 
from Users.  Users are responsible for submitting on-site observation reports and use data to 
the Producer, who will compile and file an annual report with the Regional Board.  The 
Producer, at its discretion, may assume the User’s responsibility for on-site observation 
reports and use data. 

 
The last provision noted above assists in ensuring that there is an active monitoring program to 
assess the affect of the recycled water on any surface waters for groundwater supplies. 
 
5.7  ADDITIONAL REGULATORY AND PERMITTING REQUIREMENTS 

If any portion of the Project receives financial assistance from the State Revolving Fund, which 
is administered by State Water Resources Control Board (SWRCB), then design of that portion 
of the Project will have to comply with SWRCB requirements for funding assistance.  The 
financial assistance may be in the form of either grants or low interest loans.  As a condition of 
funding approval, the District will be required to complete an environmental review of the 
project, complete a value engineering (V.E.) review of the design, and meet other requirements 
as described in the SWRCB’s Policy for implementing the State Revolving Fund (amended 
January 18, 1996). 
 
The Project must meet the requirements of California Water Code, California Environmental 
Quality Act (CEQA), and other applicable construction permits.  The environmental 
documentation for the East Bayshore Recycled Water Project is underway.  The EIR evaluates 
environmental impacts in accordance with CEQA.  All impacts, with the exception of parking, 
evaluated in the EIR are expected to be mitigated to a less than significant impact.  
 
Other permits necessary for the East Bayshore project are related to construction.  They include 
encroachment and other permits from the following agencies: Alameda County Public Works, 
City of Alameda, City of Albany, City of Berkeley, City of Emeryville, City of Oakland, 
Caltrans, BART, and various railroad companies. 
 
5.8 PROJECT RULES AND REGULATIONS 

As a part of complying with a RWQCB discharge permit, EBMUD will develop a set of rules 
and regulations for its customers that are consistent with the permit requirements.  These rules 
and regulations become the mechanism for ensuring compliance with the specific blanket permit 
requirements.  The rules and regulations for the Project must also include the existing guidelines 
and regulations currently in effect in California for recycled water use.  The following is a list of 
the most significant sources of guidelines and regulations. 
 

• Guidelines for Use of Recycled Water (DOHS) 
• Guidelines for the Preparation of an Engineering Report on the Production, Distribution, 

and Use of Recycled Water (DOHS) 
• Guidelines for Use of Recycled Water for Construction Purposes (DOHS) 
• Criteria for Mosquito Prevention in Wastewater Reclamation or Disposal (DOHS) 
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• Guidelines for the Distribution of Nonpotable Water (California-Nevada Section of 
AWWA) 

• CCR Title 17: Drinking Water Supplies - Backflow Prevention 
• CCR Title 22, Division 4, Chapter 3:  Water Recycling Criteria 
• Memorandum of Agreement between the Department of Health Services and the State 

Water Resources Control Board on Use of Recycled Water  
• Reclamation Permit Requirements (RWQCB) 
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SECTION 6 – RECYCLED WATER MARKET 

 
6.1 MARKET ASSESSMENT PROCEDURES 

The objective of the market assessment was to identify the potential customers within the Study 
Area that could be served recycled water for irrigation or industrial and commercial purposes. 
The Market Assessment included identifying and locating existing, potential and future 
customers; estimating potential recycled water demands; and developing alternative customer 
service areas.  The assessment of the viability of providing recycled water to each customer was 
essentially based on three factors.  These factors included the customer’s estimated recycled 
water usage, the customer’s location relative to the primary distribution network, and the 
estimated retrofit costs for providing dual plumbing for each customer. 
 
6.1.1 Customer Identification/Classification 

Customers were identified by the following methods: 
 
• Reviewing District irrigation and other large water service customer accounts;  
• Meeting with City planning and public works departments;  
• Meeting with Local Developers; and 
• Reviewing planning documents for potential new developments. 
 
Once the customers were identified, they were classified into two categories: existing customers 
and future customers.  
 
Irrigation customers were defined as existing water accounts with annual water consumption 
greater than or equal to 2 AFY and having business classification codes (BCC) 7950 (Irrigation 
Use Only) or 7990 (Parks and Gardens).  Customers identified as large water users (annual water 
consumption of 5 AFY and above) but not classified as irrigation users were placed on a separate 
list for further evaluation.  These two groups of customers were defined as existing customers.  
New customers are anticipated through planned future development in downtown Oakland, the 
old Oakland Army Base Redevelopment and at the Alameda Naval Air Station Redevelopment.  
A number of other small in-fill development customers occur throughout the study area, and 
were also investigated as potential future customers.  These future customers and their future 
recycled water demands were identified using local planning studies, meeting with local 
agencies, and reviewing applications for water service.  These customers are classified as future 
customers. 
 
6.1.2 Estimating Recycled Water Demands 

More than 1500 potential customers were initially identified from the Market Assessment.  
Customer account data available included name of customer, address, monthly consumption, and 
BCC.  The District divides customers into 97 categories of use.  All large users with BCCs 
related to the food industry and laundry were eliminated due to the unlikely chance of service to 
these types of users.  Users whose demand had decreased to less than 2 AFY (irrigation) and 5 
AFY (other uses) in the last 2 years were also eliminated. 
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A comprehensive list of all the viable customers identified in the Market Assessment is shown in 
Appendix F.  The customer list includes customers that were not ultimately included in the 
proposed project for economic or site location reasons. 
 
For the future customers identified from planning documents, potential recycled water demands 
are estimated from the development plans and environmental documents or typical acreage and 
evapotranspiration calculations. 
 
6.2 CUSTOMER DESCRIPTIONS 

Customers can be divided into several categories.  Existing irrigation customers in the Study 
Area include cemeteries, parks, schools, HOAs, golf courses, offices and a racetrack.  
Commercial and industrial customers with uses other than irrigation include warehouses, hotels, 
laboratories, and high rise commercial buildings.  Future customers include the former Oakland 
Army Base and Alameda Naval Air Station land redevelopment.  Additionally, a new high rise 
development in downtown Oakland was investigated for dual plumbing of toilets and also for 
irrigation. 
 
6.3 CUSTOMER DEMAND 

Customer meter data for the last three years (1996-1998) was taken from the EBMUD Customer 
Information System (CIS) and used to determine average day potable water consumption for all 
existing customers.  The existing potable water demand for all existing customers was 38,256 
AFY.  Recycled water demands were estimated as a percentage of potable demand, where the 
percentage varies depending on type of use by BCC codes.  The survey identified a maximum 
gross (100% sign up rate) recycled water demand of 12,195 AFY for the entire Study Area.  This 
demand does not represent the demand that could cost effectively be served, but the maximum 
recycled water demand if every customer were served by the project.  Appendix F provides a list 
of all potential recycled water customers in the Study Area. 
 
6.3.1 Adjusted Demand Estimates 

The gross demands for the Project have been adjusted on a per customer type basis to reflect 
realistic recycled water rates.  Customers identified as “irrigation only” were assumed to use 95 
percent of potable demand, while “parks and gardens” use 80 percent.  It is not reasonable to 
assume that 100 percent of commercial and industrial demand can be served by recycled water.  
Reasons for less than 100 percent use could include high costs for retrofitting, water quality 
requirements, water conservation measures, a small demand customer located far enough away 
from Project facilities to render service uneconomical, or unwillingness on the potential 
customer’s part to accept recycled water.  Customer demand was adjusted by using a percentage 
of total demand based on the user’s BCC.  Table 6-1 summarizes the adjusted recycled water 
demands identified in the Market Assessment.  
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Table 6-1 
 % RECYCLE ASSUMED BY USER TYPE 

 
BCC 
Code 

Code Definition % 
Recycle 

BCC 
Code 

Code Definition % 
Recycle 

100 Agriculture 95% 3470 Metal Finishing 40% 
700 Veterinarian Services 10% 3500 Machinery Mfg 40% 

1200 Mining and Quarrying 95% 3590 Machine Shop Jobbing/Repair 40% 
1500 Construction 95% 3600 Electrical Machinery Mfg 40% 
2010 Meat Products-Processing 0% 3700 Transportation Equipment Mfg 40% 
2011 Slaughterhouse 0% 3730 Shipbuilding 90% 
2020 Dairy Product processing 0% 3800 Precision Equip Mfg 20% 
2030 Fruit and Vegetable Canning 0% 3900 Miscellaneious Mfg 20% 
2040 Grain Mills 0% 4000 Railroad Transportation 40% 
2050 Bakeries 0% 4100 Local & Suburban Transit 40% 
2051 Bakeries - Mfg Bread Only 0% 4200 Warehousing 50% 
2060 Sugar Procesing 0% 4400 Water Transportation 40% 
2070 Fats and Oils 0% 4500 Air Transporation 40% 
2077 Rendering Tallow 0% 4700 Transportation Services 40% 
2080 Beverage Manufacture 0% 4800 Electronic Communications 20% 
2090 Specialty Food Mfg 0% 4900 Electric, Steam and Natural Gas 60% 
2091 Seafood Processing 0% 4950 Sanitary Collection & Disposal 50% 
2300 Textile Goods Mfg 50% 5000 Wholesale Trade 50% 
2400 Lumber and Wood Prod Mfg 80% 5300 Retail Trade, Other 10% 
2500 Furniture 50% 5400 Food Sales 0% 
2600 Pulp & Paper Prod Mfg 50% 5540 Gasoline & Oil Dealers 10% 
2700 Printing, Publishing 50% 5811 Eating Places, Fast Food 0% 
2810 Inorganic Chemicals Mfg 10% 5812 Eating Places, Restaurants 0% 
2820 Synthetic Materials Mfg 10% 5813 Drinking Places, Bars, Clubs 0% 
2830 Drugs Mfg 20% 6500 Cemeteries 95% 
2840 Cleaning & Sanitation Prod Mfg 50% 6513 Apartment Buildings 20% 
2850 Paint Mfg 40% 6514 Multiple Dwelling 2 to 4 Units 20% 
2860 Organic Chemicals Mfg 10% 6800 Offices 50% 
2870 Agriculture and Chemicals Mfg 10% 7000 Hotels with Food 10% 
2891 Adhesives & Gelatin Mfg 20% 7001 Hotels without Food Service 15% 
2893 Ink & Pigment Mfg 40% 7020 Boarding Houses 15% 
2900 Petroleum Prod Mfg 20% 7200 Personal Services 0% 
3000 Rubber Products 20% 7210 Commercial Laundries 0% 
3110 Leather Tanning 40% 7215 Coin Operated Laundromats 0% 
3200 Earthenware Mfg 40% 7216 Cleaning & Dyeing Fabrics 50% 
3300 Primary Metals Mfg 96% 7218 Industrial Laundries 0% 
3400 Metal Products Fab 40% 7260 Crematories, Funeral Homes 95% 
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Table 6-1 (continued) 
 % RECYCLE ASSUMED BY USER TYPE 

 
BCC 
Code 

Code Definition % 
Recycle 

BCC 
Code 

Code Definition % 
Recycle 

3410 Drums & Barrels Mfg 40% 7300 Laboratories 10% 
7342 Fumigating 80% 7950 Irrigation 95% 
7500 Automobile Repair Services 80% 7990 Parks & Gardens 80% 
7539 Battery Service 80% 8000 Health Services 10% 
7542 Auto Laundries 90% 8060 Hospitals 5% 
7600 Misc. Repair Services 80% 8200 Schools 20% 
7699 Septic Tank Cleaning 90% 8600 Non-Profit Services/Organ. 20% 
7900 Amusement Services 20% 8800 Private Residence 0% 
7940 Equestrian Activities 80%    

 
A second verification was made on potential recycled water demand by reviewing District source 
control database.  For large irrigation users, the District allows a reduction in sewer rates if a 
customer applies for the discount.  Normally sewer rates are calculated based on potable water 
consumption and type of constituents discharged to the sewer.  However, if a large user can show 
that at least 20 percent of the water demand is regularly used for irrigation or other purposes that 
will not be discharged to the sewer, then discounts are given.  Often a water balance is done 
which describes typical demand and applications on site.  Initial estimates were updated to match 
this information when available.  A meeting with all large demand customers was held to verify 
estimates once the proposed use area and alignment had been developed. 

 
Table 6-2 

  SUMMARY OF RECYCLED WATER DEMANDS – ALL POTENTIAL CUSTOMERS 
 

Average Day Demand Maximum Month Demand Customer Classification 
(AFY) (mgd) (AFY) (mgd) 

Existing Customers 12,195 10.9 28,091 25.1 
Future Customers   1,547   1.4   4,176   3.7 

TOTAL 13,742 12.3 32,268 29.7 

 

6.3.2 Demand Estimates for Future Customers 

Average annual demand for future customers was based on land use type as described in City 
planning documents or environmental impact reports for the project. A peaking factor of 2.7 was 
used for irrigation customers and mixed use land areas and offices.  This is the same factor used 
for the Lamorinda Recycled Water Project1.  The calculation of peaking factors is further 
discussed in Section 7. 
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6.4 SERVICE AREA 

All identified customers are shown on a large-scale map of the Study Area included in Appendix 
G.  Customers are plotted on the map as different shapes depending on adjusted annual demand 
with individual customer identification numbers. Existing users with irrigation or park & garden 
BCC codes are shown in blue, while all other categories of large users are shown in red. The 
overall study area was divided into several sub-areas based on the physical location of clusters of 
potential customers.  Laterals to service each of these areas were investigated and cost estimates 
computed.  These laterals also are shown on the map in Appendix G. 
 
6.5 WATER QUALITY 

For the majority of customers within the Study Area, tertiary recycled water will meet their water 
quality needs.  However, for some industrial customers whose potential recycled water 
application is cooling and boiler feed water, additional demineralization will be required.  It is  
apparent from the customer demands and locality that providing water at more than one level of 
treatment would not be cost effective for parts or all of the Study Area. 
 
6.6 CUSTOMER VERIFICATION 

Due to the sheer number of potential customers, customers were contacted only after they were 
determined to be located within the recommended project.  Recycled water demands and hours 
of use were verified, and cost of dual plumbing retrofits were updated.  The majority of the 
customers in the Study Area are existing and will be able to use recycled water as soon as it 
becomes available.  The two main areas for future development, Alameda Naval Air Station and 
the Oakland Army Base, will both be phased developments.  Demands and schedules are likely 
to change for both of these areas, so ongoing coordination efforts are underway. 
 
 
References: 
 
1 Lamorinda Recycled Water Project Facilities Plan, HydroScience Engineers, Inc. with HYA,  
August 1998. 
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SECTION 7 – NON-POTABLE WATER ALTERNATIVES ANALYSIS 

7.1 NON-POTABLE SYSTEM PLANNING AND DESIGN CRITERIA 

This section evaluates five base project alternatives: recycled water, groundwater, surface water, 
bay water, and no project.  In order to conduct an alternatives analysis, methods for estimating 
average and peak demands were established; basic design criteria were developed; and unit costs 
determined as a basis for comparison among the five different project alternatives.  This section 
summarizes the methodology used and results. 
  
7.1.1 Non-potable Water Demand  

Two different approaches were used to estimate non-potable water demand for new and existing 
potable water customers.  Historical records with monthly demands were available from the 
Districts’ Customer Information System (CIS) for existing customers.  Future customer demands 
were based on planning documents.  If no other information was available, irrigation rates were 
estimated based on acreage to be irrigated.  More detailed descriptions of these approaches 
follows. 
 
Existing Customers 

For existing potable water customers, average day, maximum day, and peak hour delivery 
demands for non-potable water use were estimated based on adjusted historical monthly potable 
water demands (See Section 6).  Each customer’s actual water consumption data was reviewed 
between 1996 and 1998.  The average of the total demand for each year was calculated and was 
used as the annual average demand (see Table 7-1).  The average day demand is equal to the 
annual average demand divided by 365.  The highest water use month was chosen as the 
maximum monthly demand.  The maximum day demand, as defined in this plan, is equal to the 
average of the maximum month demand divided by 30.  The maximum month demand is the 
criteria used in sizing the non-potable or recycled water system.   
 
For the initial analysis, the peak hour demand is the maximum day demand multiplied by 24 
hours and divided by the number of use hours. All irrigation accounts were assumed to irrigate 
between the hours of 10 PM and 7 AM during normal operations.  This 9-hour daily irrigation 
cycle results in a 2.67 peaking factor.  For commercial and industrial customers, the demand 
window varied by customer type.  These assumptions in timing of water use have been refined as 
customers are interviewed.  Since commercial and industrial demand was assumed to occur 
during the day, while irrigation was assumed to take place at night, the maximum peak hour for 
any given time period was used.  
 

Table 7-1 
PEAKING FACTORS 

 
Peak Hour Demand Average 

Day 
Demand 

Max Day 
Demand Peaking Factor Hours of Use 

1.0 * Annual 
Average 

1.0 * Maximum 
Month Demand 

Varies by BCC code: 
 

Varies by BCC code: 
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Peak Hour Demand Average 
Day 

Demand 

Max Day 
Demand Peaking Factor Hours of Use 

Demand (existing) 
 
2.7 * Annual 
Average 
Demand (future) 

Irrigation = 2.67 * Max Day 
Demand 
 
Warehouse = 2.4*Max Day 
Demand 
 
Golf Course = 1 * Max Day 
Demand (assumes storage 
ponds available at site) 
 
EBMUD = 2.26 or 0.31 * 
Max Day Demand  
 
 
 
 
Industrial = 1 * Max Day 
Demand 
 
Commercial (Irrig & HVAC, 
Toilets) = 0.267 or 2.16 * 
Max Day Demand 

10 PM to 7 AM (Irrigation) 
 
 
6 AM to 4 PM (Warehouse) 
 
 
12 AM to 12 PM (Golf 
Courses) 
 
 
7 AM to 3:30 PM 80% of 
demand  
3:30 PM to 7 AM 20% of 
demand 
(EBMUD) 
 
12 AM to 12 PM (Industrial ) 
 
 
10 PM to 7AM (Irrigation) 
7AM to 10 PM (HVAC & 
Toilets) 

 
Future Customers 

For future customers, annual demands were taken from planning documents or estimated based 
on an assumed application rate per acre and on proposed land use.  Typical unit monthly 
irrigation demands were calculated using evapotranspiration rates and precipitation data for 
Alameda and Contra Costa County.  Reference crop evapotranspiration rates were obtained from 
California Department of Water Resources (DWR) Bulletin 113-3 and confirmed with DWR’s 
CIMIS (California Irrigation Information System) weather station located in Fremont.  Major 
landscape irrigation uses include parks, schools, golf courses, commercial property landscaping, 
and road medians/parkways, which typically have warm-weather grasses. Monthly irrigation 
demands were calculated using the following formula, and are summarized in Table 7-2:  
 
Irrigation Demand (in) = [kc(ETo) – (P x 0.75)] LR 
     IE 
 
Where, 
 
ETo = reference crop Evapotranspiration.  A standardized evapotranspiration rate for plants in 

general. 
kc = Crop Coefficient = 0.8 for warm-weather grasses.  This assumes that evapotranspiration 

rates for turf grasses typically irrigated in the study area are 80 percent of the ETo. 
P =  Precipitation.  75 percent precipitation irrigation efficiency is assumed.  This assumes 

that 25 percent of the rainfall that reaches irrigated grasses will be lost to run-off. 
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LR = 1.1.  This assumes that approximately 10 percent of the water, which reaches the 
irrigated, grass root zone, will pass through and leach the root zone. 

IE = 0.8 (80 percent irrigation efficiency).  This assumes that 20 percent of the water applied 
to the irrigated grasses will be lost to irrigation efficiencies. 

 
Table 7-2 

TYPICAL STUDY AREA IRRIGATION DEMANDS 
 

Month ETo
a ETb Pc Irrigation 

Demand 
(inches) 

January 1.8 1.4 3.84 0 
February 2.1 1.7 2.73 0 
March 3.1 2.5 2.40 0.96 
April 3.9 3.1 1.36 2.86 
May 4.7 3.8 0.36 4.85 
June 4.9 3.9 0.13 5.22 
July 5.3 4.2 0.05 5.72 

August 4.8 3.8 0.05 5.17 
September 3.8 3.0 0.24 3.88 

October 3.2 2.6 1.12 2.42 
November 2.2 1.8 2.56 0 
December 1.5 1.2 3.20 0 

Total Annual 41.3 33.0 18.03 31.08 
a Reference Crop Evapotranspiration, California, DWR Bulletin 113-3. 
b Warm-weather grass evapotranspiration (kc = 0.8) 
c Average precipitation, per data from the “Western Regional Climate Center” web site.  

Period of record is 7/01/1948 to 7/31/1986. 
 
The calculated annual landscape irrigation demand for the Study Area shown in Table 7-2 is 
31.08 inches. An eight-month irrigation season from March through October was assumed.  No 
landscape irrigation demands are projected for November through February when it is 
anticipated that local precipitation will satisfy landscape irrigation requirements.  
 
As was done for existing customers, the average day demand is equal to the annual average 
demand of 31.08 inches (multiplied by site acreage to determine acre-feet per year).  Max day 
and peak hour demands were calculated using the same peaking factors described in Table 7-1. 
  
However, customers with on-site storage, such as golf courses, can be supplied at the max day 
demand over a 24-hour period, because the peak hour delivery requirements for these customers 
are supplied from the on-site storage ponds.  This was assumed to be the case for the future 
Alameda Point golf course. 
 

   
EBMUD Page 7-3  section7.doc 

 



East Bayshore Recycled Water Project  
Facilities Plan                                                                        Section 7 – Non-potable Water Alternatives Analysis 

7.1.2 Design Criteria  

The following design criteria were used to evaluate the five project alternatives to make a 
comparison on an equal basis.   

Pipelines 

The pipelines evaluated in this Facilities Plan consist of both backbone transmission and 
distribution pipelines. Transmission pipelines are intended primarily for conveyance of non-
potable water from the source to a reservoir (if feasible) or spanning many communities.  These 
pipelines are sized to meet peak hour demands without exceeding the maximum velocity criteria 
of 10 feet per second (fps).  Many customers are supplied directly from the transmission 
pipeline, and their cumulative demand can effect the hydraulics.  Modeling was used to 
determine the limitations of this system and to ensure that proper sizing of facilities is made.  
Distribution pipelines convey non-potable water directly to customer areas and are sized for peak 
hour delivery demands.  The pipelines will be sized based on the primary usage.  The majority of 
the non-potable water pipelines will be size for irrigation demand.  However, two distribution 
lines evaluated consisted primarily of industrial/commercial users.  General pipeline design 
criteria used in the analyses are summarized below: 
 

 System Pressure: 
 Maximum = 140 psi (PVC pipeline) 
 Maximum = 140 psi (steel pipeline) 
 Maximum = 200 psi (Existing Caltrans pipeline) 
 Minimum dynamic = 50 psi (at peak hour demand conditions) 
 

 Customer Service Pressure: 
 Maximum = 80 psi 
 Minimum = 50 psi  
 (Use individual pressure regulators as required to meet pressure requirements.)   

 
 Pipelines: 

 Minimum diameter = 4 inches 
 Materials: < or = 12-inch diameter, PVC pressure 

> 12-inch diameter, steel cylinder (lined and coated) 
 

 System Hydraulics: 
 Hazen-Williams “C” value = 130 (for all pipelines) 
 Desirable velocity = 3-5 ft/sec (maximum day) 
 Maximum velocity = 10 ft/sec (peak hour) 
 Minimum velocity = 1 ft/sec 
 (Distribution pipelines may have zero velocity during daytime hours.) 
 

Pump Stations 

Pump station design capacity is sized based on peak hour demand since no gravity flow storage 
is available.  To ensure flexibility and reliability, each pump station is assumed to contain at least 
three pumps.  This allows one pump to be sized to meet low flow conditions, with a second 
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pump sized to meet additional flow requirements during peak flow conditions. The third pump is 
a standby to allow the pump station to meet peak demands with one pump out of operation.  This 
level of redundancy may not be required in actual project implementation because unlike potable 
water, non-potable water will not be required for primary emergency uses such as fire 
suppression.  The power supply for the system will be one of two PG&E supplies with backup 
power supplied by a new engine generator.  Pump station criteria used in this study are 
summarized below: 
 

 General: 
• Sized to meet peak hour demands. 
• Assumes pumps operate 24 hours a day.  

 
 Design: 
• Minimum number of pumps, including standby = 3 
• Minimum number of standby pumps = 1 
• Maximum number of pumps = 7 
• Standby power = standby engine generator 
 

Storage Criteria 

Operational storage will be provided to supplement pumping capacity during periods of peak 
hour delivery demand.  Other advantages of operational storage include stabilized pressures and 
a reduction in size requirements for delivery pipelines.  Storage reservoirs were sized to store 
two times maximum day demands for customers. 
 
Storage reservoir criteria are summarized below: 
 

 General: 
• Sized to meet two times maximum day demands, where maximum day demand is 

1.0 times the average maximum month demand/30. 
• Operational capacity to supplement peak hour delivery demands for a 9-hour 

irrigation period and other uses. 
 

 Design: 
• Above ground steel tanks (primary) 
• Use existing facilities for storage when available.  

 
Treatment 

Treatment requirements will vary depending on the alternative being evaluated.  However, each 
facility will be sized based on the average day demand. Treatment facility criteria assumed in 
this study are summarized below: 
 

 General: 
• Filtration facilities were sized to meet average day demands, where average day 

demand is 1.0 times the annual average demand/365. 
 

   
EBMUD Page 7-5  section7.doc 

 



East Bayshore Recycled Water Project  
Facilities Plan                                                                        Section 7 – Non-potable Water Alternatives Analysis 

 Design: 
• Standby power = none 

 
7.1.3 Cost Basis 

A cost basis was developed which was used for estimating capital construction and 
operation/maintenance (O&M) costs for each alternative.  Planning level economic analyses 
were conducted on the various Project Scenarios analyzed in this Facilities Plan.  Designing, 
capital, construction, and annual costs were estimated for each alternative. Total amortized 
annual costs were then used to estimate unit delivery costs for scenario comparison purposes. All 
dollar values are in calendar year 2000 dollars. 
 
Capital Facility Costs 

Capital costs are estimated on a unit cost basis using historic costs for similar facilities.  All costs 
are planning level costs for budgetary planning purposes only.  Capital cost assumptions are 
summarized in Table 7-3. 

 
Table 7-3 

CAPITAL COST ASSUMPTIONS 
 

Item Assumption 
 
Property and Right-of-way Acquisition Allowance 
 
Construction Period 
 
Escalation to Mid-Point of Construction 
 
Change Orders 
 
Planning & Design Costs 
 
Construction Management Costs 
 
Construction Warranty/Certification 
 
Contingency 
 
Life Cycle 
  Concrete Structures 
  Mechanical Equipment 
  Steel Reservoirs 

 
3% of Capital Cost 
 
24 months 
 
2.5% 
 
10% of Capital Cost 
 
15% of Capital Cost 
 
12% of Capital Cost 
 
0.25% of Capital Cost 
 
25% 
 
 
50 years 
15 years 
25 years 

 
 Pipelines: Table 7-4 summarizes the capital cost assumptions for new pipeline 

construction.  For purposes of estimating costs, it is assumed that pipelines would be 
constructed in existing streets and include paving and traffic control.  Pipeline costs 
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also include trenching, placing and jointing of pipe, installing valves and fittings, and 
using native material for subsequent backfill above the pipe zone.  The cost also 
assumes that one construction contract will be administered. 

 
For the channel crossing from Oakland to Alameda, it was assumed that directional 
drilling would be the most cost effective construction method.  This is based on the 
engineering analysis performed by Kennedy-Jenks for the Alameda Naval Air Station 
Project that investigated the costs and benefits of microtunneling versus directional 
drilling for a 20-inch sewer pipeline.   
 

Table 7-4 
PIPELINE CONSTRUCTION UNIT COSTS 

 
Pipe Size (in) Material Unit Cost ($/ft) 

4 PVC 26 

6 PVC 40 

8 PVC 66 

10 PVC 77 

12 PVC 87 

14 Steel 97 

16 Steel 106 

18 Steel 115 

20 Steel 124 

24 Steel 140 

30 Steel 175 

10 Steel (DD, MT, or J&B)1 400 

12 Steel (DD, MT, or J&B) 500 

14 Steel (DD, MT, or J&B) 525 

16 Steel (DD, MT, or J&B) 550 

18 Steel (DD, MT, or J&B) 565 

20 Steel (DD, MT, or J&B) 575 

24 Steel (DD, MT, or J&B) 600 
1Abbreviations:  DD = Directional Drilled 
   MT = Microtunneled 
   J&B = Jack & Bored 
 

 Pump Stations: Capital construction costs assumed for distribution and booster pump 
stations are assumed to be a function of connected horsepower.  Pump station costs 
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are based on $14,430 times the (horsepower) ∧ 0.69 1.  Cost data for a large number of 
pumps was used to develop this relationship.  There is no cost allowance for 
landscaping, or land acquisition in this cost.  Standby power generators were added in 
separately.  Horsepower calculations assume 0.8 motor efficiency and 0.7 pump 
efficiency.  Meter service pressure required is assumed to be 50 psi. 

 
 Storage Tanks: The assumed capital construction cost for storage tanks is $0.95 per 

gallon of storage.  These costs assume construction of aboveground steel storage 
tanks and are based upon recent experience with water storage tank construction costs 
in California. 

 
 Treatment Cost: Assumes a capital cost of $1700/AF for flocculation, tertiary filters, 

chlorine contact basins, and disinfection required to meet Title 22 guidelines1. 
 

 Customer Retrofits: Retrofit costs are based on a per customer cost of 
$43,125/irrigation customer and $75,000/industrial customer.  

 
Annual Costs 

Total annual costs were estimated by annualizing the capital costs over a bond repayment period, 
and adding annual O&M costs. The basis for the cost assumptions is explained in detail below. 
 

 Annual Capital Recovery Costs: 
1) All capital costs are annualized over a 30-year bond repayment period. 
2) All capital costs are amortized at 5 percent annual interest. 
3) This assumes the District will be able to fund the project with a low interest loan 

from the State Water Resources Control Board. 
 

 O&M Costs: Assumes 1.5 full time equivalent staff (FTE) for pipeline, pump station, 
and treatment O&M at $70,000/year with 2.427 multiplier for benefits & water side.  
Chemical costs for treatment are assumed to be $0.00021/gallon.  Pumping power 
cost was calculated based on average day demand at $0.075/kW-Hr.  Pump station is 
assumed to run 24 hours/day at average day demand.  

 
7.1.4 Planning Period 

The non-potable water demands for this project are projected for a 10-year planning period.  
During the next ten years additional developments will probably appear, and they will be 
reviewed on a case by case basis. 
 
7.2 DISTRIBUTION SYSTEM FOR ALL NON-POTABLE WATER ALTERNATIVES 

Preliminary pipeline routes were chosen based on areas with the largest clusters of users or users 
with the highest demands.  For comparison purposes, all treatment facilities required for each 
non-potable water alternative were assumed to be located at the MWWTP.  The proposed pipe 
routes required to service all of the proposed customers from the MWWTP are shown on the 
map in Appendix G of this report.  
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Typically, the peak recycled water demand will be higher than the production rate.  Recycled 
water storage facilities will be needed to equalize the imbalance between production and 
demand.  The preferred method of water system distribution includes locating reservoirs so that 
customers are gravity fed as much as possible.  However, this limits the location of reservoirs 
within the Study Area to the Oakland or Berkeley hills, since the remainder of the area is flat.  
Historically, the District has experienced difficulty siting water reservoirs in the Oakland and 
Berkeley hills due to lack of adequate site locations and protest from the surrounding 
community.  The hills have narrow winding roads through residential neighborhoods.  Finding 
an acceptable new site for a recycled water reservoir will be difficult.  Therefore, two approaches 
to siting reservoirs was taken: 1) maximize the use of existing storage reservoirs or reservoir 
sites located in the hills or 2) provide dead-end pumping from a reservoir on site at the 
MWWTP.  It is preferable to use existing storage reservoirs at higher elevations to allow gravity 
flow to customers. 
 
For the East Bayshore project, pipelines to three existing storage reservoirs were considered as 
part of the distribution system.  These reservoirs are described in Table 7-5.  The District’s water 
system has three existing reservoirs in the Oakland and Berkeley hills, which are being 
abandoned as part of the Seismic Improvements Program.  For the preliminary evaluation, the 
existing District reservoirs were assumed to be available at no cost to the project and seismic 
improvement costs were not included as part of the construction cost.  
 

Table 7-5 
EXISTING FACILITIES FOR USE AS RESERVOIRS 

 
Reservoir Size 

(MG) 
Material Location 

Shasta No. 1 0.20 Covered 
Concrete, 

barstressed 

Bay Tree Lane, 
Berkeley 

Cragmont 0.74 
 

Covered 
Concrete, 

barstressed 

1286 Queens Rd, 
Berkeley 

Hilltop 0.25 Covered 
Redwood 

Next to 6000 Grizzly Peak Blvd, 
Oakland 

 
Table 7-6 summarizes the length and size of pipe that will be required to provide each of the 
proposed customers with non-potable water.  In addition, Table 7-6 contains information on the 
total capital costs, equivalent annual cost, and equivalent annual cost per acre-foot. 
 
The pipeline alternatives can be broken down into three cost categories: low (under $200/AF); 
medium ($200-$700/AF); and high (greater than $700/AF).  Only distribution lines that fell 
within the low or medium categories were carried forward for further analysis.  This is in 
keeping with District policy of an overall project cost of less than $1600/AF.  Based on this 
criterion, Laterals 1-1, 2, 3, 5, 7A, 7B, 8-1, 9, 10, 12 and 13 were carried forward for further 
analysis.  Lateral 11 was also carried forward in spite of the preliminary cost because the 
University of Berkeley was in the process of dual plumbing all future facilities for non-potable 
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use, and it was thought that the cost might be reduced after more information was gathered at 
customer meetings. 
 
Table 7-7 summarizes combinations of distribution pipelines that were used to determine the 
largest cost effective project to use in further evaluations.  Based on this evaluation Option 12 
will be carried forward for comparison with other non-potable water alternatives.
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Table 7-6 

PIPELINE ALTERNATIVES 
 

Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
Lateral 1    
Segment 1 0.35 30 Irrigation             9.4  $          43,125  
Subtotal Lateral 1-1 0.35 miles Total Demand             9.4 100           267 4 $          48,620  $          43,125 $        5,968 $          393  

 0.23 620 Non-Profit Services/Organ.             5.0  $          75,000  
 0.39 205 Irrigation             2.7  $          43,125  
 0.17 892 Non-Profit Services/Organ.             3.4  $          75,000  

Total Miles Lateral 1 1.14 miles Total Demand           20.5 123           328 4 $       155,870  $        236,250 $      25,508 $          771 
Lateral 2    

 0.06 658 Equestrian Activities             8.2 $          75,000  
Total Miles Lateral 2 0.06 miles Total Demand             8.2 28             74 4 $           8,580 $          75,000 $       5,437  $         409  
Lateral 3    
Lateral 3 0.08 282 Irrigation             2.0 $          43,125  

 0.02 483 Equestrian Activities         104.0 $          75,000  
Total Miles Lateral 3 0.10 miles Total Demand        106.0 284           757 6  $        22,000 $        118,125 $       9,115 $           53 
Lateral 4    

 0.02 975 Earthenware Mfg             2.2 $          75,000  
 0.04 976 Health Services             0.6 $          75,000  
 0.06 1329 Health Services             0.4 $          75,000  

Subtotal 4-1 0.13 miles Total Demand             3.2 7             20 4 $         17,160  $        225,000 $     15,753 $     3,083 
 0.25   
 0.07 1652 Laboratories             0.3 $          75,000  
 0.31   
 0.06 284 Irrigation             2.0 $          43,125  
 0.09 925 Schools             1.2 $          75,000  
  0.29   
 0.08 430 Irrigation             1.1 $          43,125  
 0.15 297 Irrigation             1.9 $          43,125  
 0.39 166 Irrigation             3.2 $          43,125  
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Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
 0.29 122 Irrigation             4.0 $          43,125  
  0.36   
 0.04 1135 Apartment Buildings                - $          75,000  
 0.14 1525 Apartment Buildings             0.2 $          75,000  
 0.04 828 Health Services             0.8 $          75,000  

Alternative A 0.28 1098 Apartment Buildings             0.5  $          75,000  
 0.02 529 Schools             6.3 $          75,000  
 0.23 890 Boarding Houses             0.2 $          75,000  
 0.03 751 Boarding Houses              2.6 $          75,000  
 0.04 826 Boarding Houses             1.1 $          75,000  
 0.08 1564 Apartment Buildings             0.1 $          75,000  

Alternative B 0.27 1110 Boarding Houses             2.1 $          75,000  
 0.04 1313 Apartment Buildings             0.0  $          75,000  
 0.04 951 Schools             1.2 $          75,000  
 0.08 1370 Apartment Buildings             0.1 $          75,000  
 0.07 1209 Boarding Houses             0.4 $          75,000  

to Crag & Shast 0.71   
     0.29 Cragmont Reservoir  
 1.13  Shasta No. 1 Reservoir   

to 1 & 507 & 486 0.06   
 0.06 1 Irrigation           76.7 $          43,125  
 0.06 142 Irrigation             3.7 $          43,125  

to 486 & 507 0.13   
 0.24 486 Laboratories             9.5 $          75,000  
 0.15 507 Laboratories             4.8 $          75,000  
 0.26 115 Irrigation             4.1 $          43,125  
 0.30 33 Irrigation             9.2 $          43,125  
 0.25 260 Irrigation             2.2 $          43,125  

Total Miles (4-A) 3.68 miles Total Demand           28.8 109           291 4 $       504,790 $     1,265,625 $    115,168 $      2,486 
Total Miles (4-A) 6.02 miles Total Demand        139.1 480       1,280 8 $    2,098,140 $     1,631,250 $    242,602 $      1,083 
Total Miles (4-B) 4.33 miles Total Demand           22.9 95           253 4 $       594,880 $     1,340,625 $    125,907 $      3,417 
Total Miles (4-B) 6.68 miles Total Demand        133.2 466       1,242 8 $    2,326,830 $     1,706,250  $   262,358 $      1,222 
Lateral 5    
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Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
 0.23 19 Irrigation           12.3 $          43,125  

Subtotal 5-1 0.23 miles Total Demand           12.3 30             79 4 $         31,460  $          43,125 $        4,852 $         244 
 0.45   
 0.38 570 Hotels with Food             2.2 $          75,000  
 0.33 6 Irrigation           34.8 $          43,125  

Subtotal 5-2 1.16 miles Total Demand           36.9 157           418 6 $       244,200 $        118,125 $      23,570 $         396 
 0.56 348 Irrigation             1.5 $          43,125  
 0.04 216 Irrigation             2.6 $          43,125  
 0.21 345 Irrigation             1.6 $          43,125  
 0.06 202 Irrigation             2.7 $          43,125  
 0.19 401 Irrigation             1.3 $          43,125  

Total Miles Lateral 5 2.45 miles Total Demand           58.9 212           565 6 $       517,000  $        376,875 $      58,148 $         612 
Lateral 6    

 0.15 315 Irrigation             1.8 $          43,125  
  1510 Health Services             0.3  $          75,000  
 0.06 135 Irrigation             3.8 $          43,125  

Total Miles Lateral 6 0.21 miles Total Demand             5.9 27             71 4 $         28,600 $        161,250 $      12,350  $     1,301 
Lateral 7    
Branch A 0.15 569 Hotels with Food             2.2 $          75,000  

 0.31 37 Irrigation             8.6 $          43,125  
 0.15 449 Irrigation             1.1 $          43,125  
  592 Apartment Buildings             1.0 $          75,000  
 0.56 893 Water Transportation             2.6 $          75,000  
  1677 Offices             1.4 $          75,000  
 0.06 102 Irrigation             4.5 $          43,125  
 0.04 385 Irrigation             1.4 $          43,125  
  871 Offices             3.4 $          75,000  
 0.08 846 Offices             3.6 $          75,000  
  656 Offices             6.9 $          75,000  
 0.08 598 Apartment Buildings             0.8 $          75,000  
 0.02 668 Apartment Buildings             0.8 $          75,000  
 0.10 663 Apartment Buildings                - $          75,000  
  584 Apartment Buildings             0.6 $          75,000  
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Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
  615 Apartment Buildings             0.9 $          75,000  

Subtotal Branch 7-A 1.56 miles Total Demand           39.5 138           367 4 $       214,500  $     1,072,500 $      83,721 $      1,314 
Branch B 0.02 823 Retail Trade, Other             1.2 $          75,000  

  0.06   
 0.06 1384 Offices             1.7 $         75,000  
 0.15 596 Hotels with Food             1.8 $          75,000  
 0.04 312 Irrigation             1.8 $          43,125  
 0.08 34 Irrigation             9.2 $          43,125  
 0.02 239 Irrigation             2.3 $          43,125  
 0.02 1185 Offices             2.1  $         75,000  
 0.06 732 Health Services             1.0 $          75,000  
  1438 Offices             1.7 $          75,000  
  520 Apartment Buildings             0.4 $          75,000  
  290 Irrigation             2.0 $          43,125  
 0.06 1258 Offices             2.0  $          75,000  
 0.09 1174 Offices             2.2 $          75,000  

Subtotal Branch 7-B 0.68 miles Total Demand           29.4 84          225 4 $         92,950 $        847,500 $     61,178 $      1,292 
Branch C 0.06 1214 Amusement Services             0.8 $          75,000  

 0.13 126 Irrigation             3.9 $          43,125  
  552 Apartment Buildings             0.5 $          75,000  

Subtotal Branch 7- 0.86 miles Total Demand           34.6 103           276 4 $       118,690 $     1,040,625 $      75,415 $      1,352 
Branch D 0.10 167 Irrigation             3.2 $          43,125  

 0.04 626 Hotels without Food             2.3 $          75,000  
 0.13 90 Irrigation             4.7 $          43,125  

Subtotal Branch 7- 0.95 miles Total Demand           39.7 115           307 4 $       130,130 $     1,008,750 $      74,086 $      1,159 
Branch E 0.46   

 0.04 94 Irrigation             4.7 $          43,125  
 0.06 139 Irrigation             3.7 $          43,125  
 0.02 885 Health Services             0.7  $          75,000  
 0.04 267 Irrigation             2.1 $          43,125  
 0.03 527 Drugs Mfg             3.3 $          75,000  
 0.06 515 Health Services             4.0 $          75,000  
 0.04 645 Drugs Mfg             1.9 $          75,000  
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Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
 0.10 713 Health Services             1.1  $          75,000  
 0.10 638 Paint Mfg             5.9 $          75,000  
 0.23 294 Irrigation             1.9 $          43,125  
 0.06 272 Irrigation             2.1 $          43,125  
 0.11 503 Warehousing           25.9 $          75,000  

Subtotal Branch E 1.38 miles Total Demand           57.4 641       1,710 10 $      559,020  $      740,625 $      84,544 $         914 
Subtotal Branch B&E 2.05 miles Total Demand           86.8 726       1,935 10 $       834,295 $    1,588,125 $    157,582 $      1,127 
Subtotal Branch B,D,E 3.89 miles Total Demand        136.6 894       2,384 10 $    1,579,655 $     2,821,875 $    286,326 $      1,301 
Branch F 0.19 150 Irrigation             3.5 $          43,125  

 0.15 177 Irrigation             3.0 $          43,125  
 0.10 196 Irrigation             2.8 $          43,125  
 0.06 840 Retail Trade, Other             0.5 $          75,000  
 0.06 1123 Apartment Buildings             1.9 $          75,000  
 0.03 266 Irrigation             2.1 $          43,125  

Alternative A 0.15 244 Irrigation             2.3 $          43,125  
 1.00 874 Hospitals             0.3 $          75,000  
 0.23 894 Health Services             0.6  $          75,000  
 0.02 1413 Apartment Buildings             0.2 $          75,000  
 0.13   

Alternative B 0.69 409 Irrigation             1.2 $          43,125  
 0.19 66 Irrigation             5.5 $          43,125  
 0.17 1037 Apartment Buildings                - $          75,000  
 0.17 45 Irrigation             7.4 $          43,125  
 0.23 602 Non-Profit Services/Organ.             7.3 $          75,000  
 0.04 579 Apartment Buildings                - $          75,000  
 0.03 820 Retail Trade, Other             0.2 $          75,000  
 0.08 1227 Hospitals             0.2 $          75,000  
 0.06 1112 Apartment Buildings                - $          75,000  
 0.08   
 0.08 1535 Apartment Buildings                - $          75,000  
 0.54 8 Irrigation            22.0 $          43,125  
 1.58 1172 Apartment Buildings             0.6 $          75,000  
 0.44 2 Irrigation           63.9  $         43,125  
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Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
Subtotal Branch D,E,F 8.86 miles Total Demand        258.8 1493       3,981 14 $    4,540,085 $     3,960,000 $    552,943 $      1,326 

 0.69 57 Irrigation             5.9  $         43,125  
 0.08 89 Irrigation             4.8 $          43,125  
   0.50 ?  
 0.04 18 Irrigation           12.4 $          43,125  
 1.13 Hilltop  

Branches 0.06 1405 Apartment Buildings             0.3 $          75,000  
 0.03 899 Schools             1.3 $          75,000  
 0.04 982 Apartment Buildings             0.4 $          75,000  
 0.04 685 Apartment Buildings             1.3 $          75,000  
 0.02 1004 Apartment Buildings                - $          75,000  
 0.02 1012 Apartment Buildings             0.5 $          75,000  
 0.02 1128 Apartment Buildings             0.1  $          75,000  
 0.02 931 Apartment Buildings             0.4 $          75,000  

Total Miles (7-A)  11.53 miles Total Demand        273.1 1517        4,044 14 $    5,905,845 $     4,571,250 $    681,550  $      1,549 
Total Miles (7-B) 11.75 miles Total Demand        291.4 1618        4,314 14 $    6,017,880 $     4,882,500 $    709,085 $      1,510 
Lateral 7A    

 0.40 503 Warehousing           25.9  $         75,000  
Subtotal 7A 0.40 miles Total Demand        317.3 2184       5,824 16 $       221,540 $     4,957,500 $    336,904 $         659 
Lateral 7B    

 0.06 34 Irrigation             9.2 $          43,125  
Subtotal 7B 0.06 miles Total Demand        326.4 2213        5,901 16 $         34,980 $    5,000,625 $    327,573 $         623 
Lateral 8    

 0.42 556 Warehousing           12.7 $          75,000  
Subtotal 8-1 0.42 miles Total Demand           12.7 113          302 4 $         57,200 $          75,000 $        8,600 $         420 

 0.88 1203 Offices             2.1  $         75,000  
Total Miles Lateral 8 1.29 miles Total Demand           14.8 123           328 4 $       177,320 $        150,000 $      21,293 $         893 
Lateral 9    

 0.15 1377 Sanitary Collection &             1.7 $          75,000  
 0.94 2211 Irrigation         112.9 $          43,125  
 0.00 2221 Warehouses         150.6 $          75,000  
 0.63 480 Warehousing         101.0 $          75,000  
 0.00 538 Warehousing           14.7 $          75,000  
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Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
 0.04 567 Laboratories             2.2 $          75,000  

Total Miles Lateral 9 1.75 miles Total Demand        383.2 1417        3,780 14 $       896,280 $        418,125 $      85,504 $         138 
Lateral 10    

 0.19 485 Sanitary Collection &           48.8 $          75,000  
 0.23 597 Sanitary Collection &             9.1 $          75,000  

Subtotal 10-1 0.42 miles Total Demand           57.8 259          689 6 $         88,000 $        150,000 $      15,482 $         166 
 0.77 183 Irrigation                - $          43,125  
 0.02 29 Irrigation             9.0 $          43,125  

Subtotal 10-2 1.21 miles Total Demand           66.9 366           976 8 $       421,080 $        236,250 $      42,760 $         397 
  2212 Irrigation             6.2  $         43,125  
 0.71 121 Irrigation             3.0 $          43,125  
 0.17 61 Irrigation             5.7 $          43,125  

Subtotal 10-2a 2.08 miles Total Demand           14.8 53          142 4 $       286,000 $        129,375 $      27,021 $      1,130 
Branch A 0.13 427 Irrigation             1.2 $          43,125  

 0.25 74 Irrigation             5.1 $          43,125  
 0.15 740 Apartment Buildings             2.0 $          75,000  
 0.10 1049 Apartment Buildings             0.4 $          75,000  
 0.02 530 Offices           15.7 $          75,000  

Total Branch A 0.65 miles Total Demand           18.1 35            94 4 $         88,660 $        225,000 $     20,404  $         699 
  631 Apartment Buildings             0.3 $          75,000  
 0.58 81 Irrigation             4.9 $          43,125  
  1189 Apartment Buildings              0.6 $          75,000  
 0.44 534 Primary Metals Mfg           29.4 $          75,000  
  1519 Non-Profit Services/Organ.             1.2 $          75,000  
 0.04 629 Apartment Buildings             0.5 $          75,000  
  710 Apartment Buildings             0.2 $          75,000  
  1319 Apartment Buildings             0.2 $          75,000  
 0.19 189 Irrigation             2.9 $          43,125  
 0.04 781 Apartment Buildings             0.9 $          75,000  
  1291 Apartment Buildings                - $          75,000  
 0.13 173 Irrigation             3.1  $          43,125  
  639 Apartment Buildings             0.2 $          75,000  
  0.31   
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Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
 0.04 1143 Apartment Buildings             1.1 $          75,000  
 0.08 860 Apartment Buildings             0.3 $          75,000  
 0.04 690 Apartment Buildings             4.0 $          75,000  
 0.13 21 Irrigation           12.1 $          43,125  
 0.08 161 Irrigation             3.3 $          43,125  
  2208 Offices             2.1 $          75,000  
  2207 Offices             1.9 $          75,000  
  374 Irrigation             1.4 $          43,125  
  2206 Offices             2.0  $          75,000  
 0.10 549 Offices           13.1 $          75,000  

Subtotal 10-3 4.94 miles Total Demand           16.6 38          101 4 $       677,706 $        193,125 $      56,649  $      2,117 
 0.78   
  359 Irrigation             1.5 $          43,125  
  2205 Offices             2.3 $          75,000  
  367 Irrigation             1.5 $          43,125  
  252 Irrigation             2.2 $          43,125  
  642 Offices             7.2 $          75,000  
  1162 Hotels without Food             0.7 $          75,000  
  814 Offices             3.9 $          75,000  
  970 Offices             2.8 $          75,000  
  1769 Offices             1.0 $          75,000  

Branch B 0.27 1402 Textile Goods Mfg             1.7 $          75,000  
  1148 Apartment Buildings             0.1 $          75,000  
  956 Apartment Buildings             0.7 $          75,000  
  669 Apartment Buildings             0.5 $          75,000  
  498 Apartment Buildings             1.2 $          75,000  
  603 Retail Trade, Other             1.1  $         75,000  
  1401 Textile Goods Mfg             1.7 $          75,000  
  712 Hotels without Food             1.7 $          75,000  
  855 Hotels without Food             1.1 $          75,000  
  535 Offices            5.3 $          75,000  

Subtotal Branch B 0.27 miles Total Demand           18.0 31            81 4 $         37,180 $        225,000 $      17,055 $         588 
  841 Offices             3.6 $          75,000  
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Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
  1352 Apartment Buildings             0.2 $          75,000  
 0.03 587 Offices             9.5 $          75,000  
  841 Offices             3.6 $          75,000  
 0.08 557 Offices           12.6 $          75,000  
  1245 Apartment Buildings             0.3 $          75,000  
 0.08 342 Irrigation             1.6  $          43,125  
  512 Offices           21.3 $          75,000  
  1121 Apartment Buildings             3.3 $          75,000  
  1412 Apartment Buildings             0.2 $          75,000  
 0.13 176 Irrigation             3.0 $          43,125  
 0.31 574 Offices           10.4 $          75,000  
 0.21 200 Irrigation             2.8 $          43,125  
 0.27 11 Irrigation           10.8 $          43,125  
  13 Irrigation           18.4 $          43,125  
  20 Irrigation           10.0 $          43,125  
  24 Irrigation           11.1 $          43,125  
  39 Irrigation              8.3 $          43,125  
  232 Irrigation             2.4 $          43,125  
  279 Irrigation             2.0 $          43,125  
  296 Irrigation             1.9 $          43,125  
  366 Irrigation             1.5 $          43,125  
  439 Irrigation             1.1 $          43,125  
 1.17 185 Irrigation             2.9 $          43,125  
 0.40 106 Irrigation             4.3 $          43,125  
  821 Schools             1.5 $          75,000  
 0.10 178 Irrigation             2.4 $          43,125  

Subtotal 10-3 8.77 miles Total Demand        391.5 1287        3,433 12  $   4,028,587 $     5,055,000 $    590,900 $         937 
To Alameda 0.35 145 Irrigation             3.6 4 $          43,125  

  0.06   
   0.33 Channel Crossing          20 $       962,500  
 0.00 2214 Offices             3.7 $          75,000  
 0.33 1787 Irrigation           31.9 $          43,125  
 1.89   
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Distribution Pipelines Segment 
Distance 
(miles) 

Cust 
# 

Customer 
Type 

Avg Day 
Demand 

(gpm) 

Max 
Day 

(gpm) 

Peak 
Hour 
(gpm) 

Dia. 
(inch) 

Lateral 
Cost 

Retrofit  
Cost 

Amortized 
Cost 

(30yr,5%)

Amortized 
Cost/ 
AFY 

(30yr,5%) 
 2.69 2215 Mixed         173.5 $          75,000  
 0.47 2216 Mixed           11.9 $          75,000  
 0.00 2217 Mixed           86.6 $          75,000  
 0.00 2218 Mixed           16.4 $          75,000  
 1.55 2219 Mixed         267.3 $          75,000  
 0.97 2220 Mixed           68.8 $          75,000  

Total Lateral 10 17.42 miles Total Demand        1,055       3,977       9,247 20 $  12,367,061 $     5,666,250 $ 1,173,093 $         690 
Lateral 11    

 0.19 532 Laboratories             3.1  $         75,000  
 0.19 883 Schools             1.3 $          75,000  
 0.23 743 Laboratories             1.0 $          75,000  
 0.13 514 Apartment Buildings           10.4 $          75,000  

Total Miles Lateral 11 0.73 miles Total Demand           15.8 36             97 4 $       100,100 $        300,000 $      26,027 $      1,021 
Lateral 12    

 0.15 2209 Irrigation             3.1 $          43,125  
 0.06 2210 Irrigation             3.1 $          43,125  

Total Miles Lateral 12 0.21 miles Total Demand              6.2 26             69 4 $         28,600 $          86,250 $       7,471 $        747 
Lateral 13    

 0.15 491 Drugs Mfg           15.6 $          75,000  
 0.21 576 Drugs Mfg           18.6 $          75,000  
  516 Drugs Mfg           22.1 $          75,000  
 0.07 764 Drugs Mfg             2.8 $          75,000  
  564 Offices           11.7 $          75,000  
 0.08 730 Drugs Mfg             6.2 $          75,000  
  1332 Laboratories                - $          75,000  
  1588 Drugs Mfg                - $          75,000  

Subtotal 13-1 0.51 miles Total Demand           77.1 142           377 4 $          70,070  $        600,000 $      43,589 $          351  
 0.15 886 Warehousing             3.3  $          75,000  
  758 Adhesives & Gelatin Mfg             1.9  $          75,000  
 0.06 1263 Inorganic Chemicals Mfg             0.2                  $          75,000  

Total Miles Lateral 13 0.72 miles Total Demand           82.5 178           474 6 $       151,800  $        825,000 $      63,542 $          478  
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7.3 NON-POTABLE WATER ALTERNATIVES EVALUATED 

7.3.1 Recycled Water Alternative 

Secondary Effluent Quality 

Wastewater is currently treated at the SD-1 facility to secondary treatment standards using the 
processes described in Table 7-8. 
 

Table 7-8 
MWWTP PROCESS SUMMARY 

 
Processing Step Unit Processes 
Preliminary 
Treatment 

Screening 
Aerated Grit Removal 

Primary Treatment Primary Sedimentation Basins 
Secondary Treatment High Purity Oxygen Activated Sludge 

(Oxygen Reactors and Secondary 
Clarifiers) 

Disinfection Chlorination (Sodium Hypochlorite) 

 
Following chlorination, approximately 500 gpm of the secondary effluent is currently withdrawn 
from the effluent channel, provided with additional chlorination and filtered through wedge-wire 
strainers, and pumped to various locations for non-potable use (“ No. 2 Water”) within the plant.  
An additional amount of secondary effluent (“No. 3 Water”) is pumped to other process uses 
such as cooling water to the cryogenic facility.  The remainder of the secondary effluent is 
dechlorinated prior to discharge through the outfall to the San Francisco Bay. 
 
Secondary effluent is required to meet discharge limitations of 30 mg/L TSS and 25 mg/L 
CBOD.  The effluent has a light tan color, thought to be the result of soluble, non-biodegradable 
material in the wastewater discharged from a local yeast manufacturer.  This results in a low 
clarity effluent.  Typical UV transmittance values are below 30% on weekdays, corresponding to 
the days when the yeast factory is discharging high organic materials2.   
 
Secondary effluent turbidity is variable, with the daily average turbidity exceeding 10 NTU 
approximately 13% of the time during 19993.  The recorded daily-maximum secondary effluent 
turbidity values have exceeded 10 NTU about 35% of time during 1999.  The distributions of the 
average and maximum daily turbidity values are presented in Figures 7-1 and 7-2.  The high 
turbidity values (3 with values of 99 NTU) are likely a result of instrument or sampling errors, 
but most of the other high values appear valid. 
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Figure 7-1
Secondary Effluent Quality
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Figure 7-2
Secondary Effluent Quality
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Treatment Level Required 

The proposed types of use for recycled water in the East Bayshore Recycled Water Project are 
identified in Table 5-2 of this report.  That table also identifies the level of regulatory treatment 
required (per Title 22) for the intended use.  The treatment levels required will be either 
disinfected secondary-23 or disinfected tertiary.  The treatment alternatives considered below 
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include consideration of which of the two levels of treatment potential customers would require, 
and the unit processes that would be required to achieve these levels of treatment. 
 
Because the proposed uses of the recycled water require different levels of treatment, the water 
will need to be treated to the highest possible treatment level in order to serve all customers with 
one treatment and distribution system.  Consideration must be given to the potential demand that 
each use will generate, and the corresponding level of treatment that the demand requires.  For 
example, if only one customer requires tertiary treatment and that customer’s demand is a small 
percentage of the total use by all customers, then the District may decide to either not provide 
recycled water to that customer, or, alternatively, provide additional on-site treatment for that 
customer. 
 
Appendix F identifies each of the proposed customers for the East Bayshore Recycled Water 
Project, and the estimated recycled water usage for each customer.  Based on this information, 
Table 7-9 can be produced for the potential customers within the Study Area. 
 

Table 7-9 
SUMMARY OF ESTIMATED USAGE FOR EACH LEVEL OF TREATMENT 

 
Level of Treatment Number of Customers 

Requiring Level of 
Treatment 

Estimated Usage of 
Recycled Water for Level 

of Treatment (afy) 
Disinfected Secondary – 23 37 2,866 
Disinfected Tertiary 2,188 9,634 

Totals 2,225 12,500 
 
Although the table seems to indicate that a high water demand can be met by serving relatively 
few customers secondary treated effluent, the table does not show that the locations of the 
customers who can use disinfected secondary –23 effluent are spread throughout the entire study 
area.  While treatment costs would be negligible, the cost to pump this water and provide a 
distribution system is prohibitive.  This project is located in an urban area, with the clusters of 
users consisting of users who require tertiary treated water per Title 22.  Therefore, only a 
tertiary treated water distribution system has been considered for further analysis. 
 
Recycled Water Treatment 

Two alternatives for the filtration of the recycled water treatment train are considered – a media 
filtration train and immersed-membrane microfiltration.  Disinfection requirements are also 
discussed. 
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Media Filtration 
 
Because the secondary effluent turbidity is variable and often above 5 NTU, coagulation and 
flocculation facilities must be included in the design of the facility.  For planning purposes, the 
facility should be designed around separate rapid mix, flocculation, and media filtration units.  
Because the District is currently operating continuous-backwash filters at the North Richmond 
Water Reclamation Plant, and the operating history for those units has been good, project 
planning will consider the use of a similar type of filter. 
 
Construction cost estimates were published for three sizes of “full Title 22” reclamation plants 
(which included tertiary filters) by UC Davis4 in 1992.  The costs of the “conventional filtration” 
portion of the facility (rapid mix, flocculation, filtration, backwash pump station, and chlorine 
contact basins), not including influent pumping and disinfection, were updated to 2000 dollars 
(ENRCCI = 5985) and are plotted in Figure 7-3. 
 

Figure 7-3
Cost of Tertiary Treatment Process
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Immersed-Membrane Microfiltration 
 
Another option for producing tertiary recycled water is to use microfiltration units.  Use of 
immersed membrane units looks promising because of the potential for installation in the 
currently unused tanks at the process-water treatment facility.  Based on the dimensional 
requirements of one manufacturer,5 the existing nitrification tank (3 cells, each 17’-6” square) 
can accommodate membrane units with a capacity of 2.4 mgd and the existing sedimentation 
tank (17’-6” wide x 72’ long) can accommodate membrane units with a capacity of 3.84 mgd.  
Thus, using these two tanks, over 6 mgd of recycled water could be produced.  Other immersed-
system manufacturers would have similar dimensional requirements and capacities. 
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The cost of the membrane system components (membranes, pumps, valves, blowers, controls) 
would be approximately $1/gpd.  In addition to the membrane system cost would be the cost of 
installation and basin modifications necessary to accommodate the membranes.  For planning 
purposes, the cost of this option would be approximately $1.50/gpd or $1340/AFY.  The 
immersed membrane cost is plotted on Figure 7-3 against the conventional filtration option, and 
shows that its construction cost is only lower than conventional option at low treatment 
capacities.  Again, since this cost only provides for the filtration step, the total cost of the 
treatment facility would include the cost for disinfection and pumping. 
 
While the microfiltration option does not offer a lower capital cost, it could offer other benefits – 
ease of operation and minimal footprint -- that might offset these higher costs. 
 
Disinfection 
 
Disinfection of the recycled water will be accomplished using sodium hypochlorite.  UV 
disinfection is infeasible because of the low transmissivity of the recycled water. 
 
The chlorine contact tank will be sized to meet the disinfection requirements of the DOHS.  A 
theoretical contact time of 90 minutes will be provided.  Sizing of the chlorine contact tank is 
based on providing the required volume in two parallel tanks (each having half of the required 
volume) and each having a 40:1:1 length:width:depth ratio.  Dividing the chlorine contact tank 
into two basins allows for maintenance of the contact tank during low-flow times without 
shutting down the recycled water system.  Sodium hypochlorite dose rates will be sized to allow 
a CT value of 450 mg/L min.  
 
Probable construction costs for three sizes of reinforced concrete, below-grade chlorine contact 
tanks were estimated based on the design parameters described above.  These estimates are 
shown in Table 7-10: 
 

Table 7-10 
CHLORINE CONTACT TANK COST 

 
Design Flow, 

gpm 
Probable Construction 

Cost 
1,500 $230,000 
3,000 $325,000 
4,500 $406,000 

 
The SD-1 plant currently uses sodium hypochlorite as its primary disinfectant.  The hypochlorite 
storage facility has excess capacity, and so no additional cost for chemical storage is anticipated.  
However, this will have to be verified during pre-design with one tank out of service during a 
peak wet weather event.  The recycled water facility will require new sodium hypochlorite feed 
pumps, transfer piping, and controls.  This plan assumes that these costs will be relatively 
independent of the capacity of the recycled water system, and estimates the cost at $100,000. 
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Overall Recycled Water Facility Design and Cost

A schematic representation of the major recycled water facility components is presented in 
Figure 7-4.  In addition to the cost of the filtration and disinfection, consideration must be given 
to the in-plant pump stations for pumping secondary effluent to the filtration process and for 
pumping disinfected recycled water to the storage tank.  The cost of these pump stations is 
estimated based on BARWRP cost data with pump horsepower depending on flow and design 
head (20 feet for the secondary effluent pump, 40 feet for the product-water pump). 
 
The total construction cost of the recycled water treatment facility as a function of design 
capacity is presented in Figure 7-5. 

 

Figure 7-5
Recycled Water Treatment Cost
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Storage Required vs. Treatment Capacity 
 

The design recycled water demands for Option 12, based on assumed use hours, are as described 
in Table 7-11. 

 
Table 7-11 

DESIGN FLOWS 
 

Demand Condition Value 
Average Day 1,541 gpm 
Maximum Day 4,400 gpm 
Peak Hour 7,861 gpm 

 
Recycled water storage is required to make up the difference between peak user demands and 
rate of supply provided by the treatment facility.  The peak user demands have been aggregated 
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from data received from candidate users based on their current or anticipated usage patterns.  The 
hourly profile for the peak-day usage is shown below: 

 

Figure 7-6
Max. Day Water Demand
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The recycled water system will be designed to provide storage/treatment capacity to satisfy two 
successive maximum day water demands.  When a storage-routing calculation is done on this 
demand, the following tradeoff between storage and treatment capacity is obtained: 

 

Figure 7-7
Treatment vs. Storage Capacity
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The optimal combination of storage and treatment capacity can be obtained by comparing 
the combined storage and treatment cost over the range of recycled water capacities.  The 
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cost of a new storage tank is estimated based on BARWRP1 cost data ($0.95/gallon).  
The resulting cost curves, shown below, indicates that the least-cost alternative is to 
design the treatment facility to meet the maximum-day demand (4,400 gpm) and to 
provide approximately 1 million gallons of new storage. 

 

Figure 7-8
Total Treatment & Storage Cost
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Use of a Digester for Storage 
 
The SD-1 facility currently has excess anaerobic digester capacity, which may provide an 
opportunity to remove one of the older digesters (#2 or #4) from solids-treatment service, and 
retrofit it for storage of recycled water.  A study is currently underway which will determine the 
number of excess digesters available for use.  The preliminary findings should be available in 
May 2001, and are expected to show 1 to 3 digesters available.  For this planning effort, it was 
assumed that Digester #2 was available.  Digester #2 has a diameter of 95 feet and water-height 
of 26 feet at the wall, providing a usable volume of 1.5 million gallons.  Retrofit of the digester 
would involve the costs shown in Table 7-12. 

 
Table 7-12 

DIGESTER RETROFIT COSTS 
 

Retrofit Item Probable Construction Cost 
Isolate piping from sludge and digester gas and 
add recycled water piping connections 

$100,000 

Seismic retrofit $400,000 
Disinfection equipment $ 50,000 
Total $550,000 
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Use of Wet-Weather Storage Basin for Recycled Water 
 

One option currently under evaluation is the use of some or the entire wet-weather storage basin 
for storage of recycled water prior to pumping into the distribution system.  The governing 
concept would be that recycled water storage is most needed during the dry season, when wet-
weather storage of wastewater is not needed. 
 
The wet-weather storage basin was constructed in 1988 to decrease the frequency/amount of 
primary effluent bypass that occurs during wet-weather events.  The wet-weather basin has a 
capacity of approximately 11 million gallons.  Typical dry-weather flows at the SD-1 plant are 
about 70 to 80 mgd while wet-weather flows can exceed 500 mgd.  The secondary treatment 
system has a capacity of 168 mgd and when the primary effluent flow exceeds this value, excess 
primary effluent is bypassed and blended with secondary effluent prior to discharge to the Bay.  
When the flow rises to approximately 320 mgd, the capacity of the primary sedimentation tanks 
is met and excess de-gritted wastewater must be discharged (either at the plant or at one of the 
wet-weather treatment facilities).  At these high flows, the wet-weather basin provides relief; its 
value is realized during short-term flow peaks. 
 
Besides serving as wet-weather flow relief, the wet-weather basin also provides flexibility to 
operations staff to provide short-term relief for the interceptor or unit process operations during 
shutdowns for construction or maintenance events.  In fact, most of the use of the basin appears 
to be unrelated to rainfall.  Figure 7-9 compares the total flow diverted into the wet-weather 
storage basin in a given month to the total rainfall in that month for the past 4-1/2 years.  The 
plot clearly shows no correlation between rainfall and use of the storage basin. 
 

Figure 7-9
Correlation of Basin Use to Rainfall
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To underscore the unpredictability of the use of the basin, Figure 7-10 compares the total volume 
diverted into the storage basin by month over the same period. 
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Figure 7-10
Total Flow Into Wet-Weather Basin
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The basin use was significantly greater in 1997 and 1998 (construction of the Surface Aeration 
Project and plant electrical improvements) than it has been in the past 1-1/2 years. 
 
The amount of wastewater diverted into wet-weather storage basin in a single day can apparently 
exceed the storage volume of the reservoir (see Figure 7-11).  This apparent anomaly is either 
caused by faulty flow measurement or indicates multiple fill-and-draw cycles within a day.  
Regardless, there have been 30 days in the past 4-1/2 years where the basin has filled in a single 
day and more than 50 days where more than half of the basin (5.5 MG) has been filled in a single 
day.  These high-volume-diversion days are spread over the year as shown Figure 7-12.  If the 
irrigation season is defined as the 6-month period of June through November, 34% of the high-
volume diversions occur during the irrigation season. 
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Figure 7-11
Daily Flows into Wet-Weather Basin
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Figure 7-12
Days Above 5.5 mgd Diverted Flow

0

1

2

3

4

5

6

7

8

9

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

N
um

be
r o

f D
ay

s 1996
1997
1998
1999
2000

 
 

Since the large-volume diversion events during the dry-weather months have primarily been 
associated with construction projects, operations staff generally has adequate lead-time to 
schedule basin use.  Unscheduled, emergency events historically have used less basin volume.  
Consequently, it is proposed to divide the wet-weather basin in half, as shown in Figure 7-13, 
and dedicate the north half of the basin to wastewater equalization and the south half of the basin 
to dry-weather recycled water storage.  The basin would be segregated to provide positive 
separation between the wastewater and recycled water. 
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The south half of the basin would be reverted to wastewater use on a seasonal basis by opening 
the double gate in the center channel.  Prior to introducing wastewater into the south half of the 
basin, all recycled water would be removed by pumping to the main storage tank or by pumping 
out the outfall. 
 
Prior to returning the south half of the basin to recycled water service, the basin would be hosed 
down with the basin spray nozzles multiple times using recycled water, and then finally 
disinfected by filling with recycled water provided with a high chlorine residual.  After a suitable 
holding time, the disinfectant recycled water would be disposed through the outfall (with 
appropriate dechlorination at the outfall).  Alternatively, the chlorinated water could be used in 
the recycled water system, if a low enough chlorine residual was realized after the CT time was 
met. 
 
Costs associated with setting up the basin for seasonal recycled water storage are described in 
Table 7-13. 

Table 7-13 
WET WEATHER BASIN RETROFIT COSTS 

 
Retrofit Item Probable Construction Cost 
Double-wall isolation chamber with electric-
actuated sluice gates, including relocation of 
stairs 

$330,000 

Piping to Secondary effluent channel $50,000 
Transfer pumps and piping from WW Basin to 
main storage 

$350,000 

Total $730,000 
 

Impact on Optimal Design 
 
Incorporation of the digester and the south half of the wet weather basin will significantly affect 
the project cost and the configuration of the optimal project.  Figure 7-14 provides a graphical 
illustration of how total project cost varies based on various treatment and storage capacity. 
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Figure 7-14
Total Treatment & Storage Cost
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Making a digester available for use as recycled water storage reduces the construction cost of the 
treatment and storage components by $1.1 million and lowers the capacity of the optimal 
treatment facility to 4000 gpm.  Making both the digester and the south half of the wet-weather 
equalization basin available for storage reduces the construction cost of the treatment and storage 
components to $4.6 million (an overall decrease of $2.4 million) and reduces the capacity of the 
optimal treatment facility to 2000 gpm. 
 
Recommended Recycled Water Treatment and Storage Sizing 
 
Based on this analysis, the least-cost configuration of the treatment and storage components will 
be to use both the digester and the south half of the wet-weather basin and will have a total cost 
of $3.7 million.  The treatment facility will be sized at 2000 gpm.   
 
7.3.2 Groundwater 

The Draft Water Reclamation Master Plan prepared by Brown and Caldwell in January 1991, 
reviewed several groundwater basins located in the District’s service area for use as potential 
nonpotable water sources.  The report found that the basin determined to be the most promising 
was the Berkeley/Alameda Plain, which underlies the Study Area.  However, due to the potential 
of high boron and total dissolved solids concentrations in the water and due to the fact that well 
yield can vary greatly, the report recommends that an in-depth groundwater use study be 
prepared for that region.1 

 
Since that time, the District has been involved in groundwater studies for the Berkeley/Alameda 
Plain, and also for other basins that are outside of the Study Area.  These studies are described in 
Section 2 and Section 3 of this report.  Groundwater pumping rates for the study area vary 
between 5 gpm and 500 gpm.  Near the MWWTP, potential well yield is expected to be between 
50 and 500 gpm.  Table 7-14 summarizes unit costs used in evaluating the potential use of 
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groundwater.  These costs assume that wells with a capacity of 500 gpm are possible.  For a 1 
mgd project, 2 wells are required based on 500 gpm yield.  For only a 50 gpm yield, 14 wells are 
needed and would probably require the purchase of a large amount of land to site the facilities. 
Further analysis is needed to determine if the MWWTP site has pumping capacity at this level.   
 

Table 7-14 
COST & CAPACITY GROUNDWATER WELLS 

 
Yield 
(gpm) 

Well 
Size 

(inches) 

Depth 
(feet) 

Total 
Head 
(ft) 

Pump
(hp) 

Well 
Capital 

Cost 

Pump  
Capital Cost

O&M 
Cost 

Total 
Ammor. 
Cost/AF 

5 1 400         10 0.3 $      30,000 $        6,039 $ 20,259 $756 
50 1.5 400         99 4.8 $      30,000 $       42,763 $ 23,222 $153 

500 4 400         59 39.4 $      30,000 $     181,927 $ 42,933 $44 
 
(a)  Capital Costs and other costs are annualized over 30 years at 5% interest. 
(b)  Pump station cost based on $14430*horsepower ^ 0.69 as used in by BARWRP1.  Assumes 
additional treatment will not be required 
(c)  Horsepower calculations assume 0.8 motor efficiency and 0.7 pump efficiency.  Meter 
service pressure required is assumed to be 50 psi. 
(d)  Pump Station O&M Costs are assumed at 2% of Capital Cost plus $20,000/Yr Labor plus a 
$0.075/KW-Hr Pumping Power Cost.  Pump station is assumed to run 24 hours/day 
(e) Well cost based on PVC pipe at $75/foot 

 
There are a number of active groundwater wells within the study area.  This limits the available 
supply of groundwater for use by District customers.  In addition, the water would likely need 
some type of treatment prior to distribution to customers.  Finally, because of the limited number 
of wells, and the fact that the majority of them are located in Alameda or in the southern limits of 
the Study Area, the cost to build the distribution system that would bring this water to customers 
would be prohibitive.  Therefore, based on the limited supply of groundwater, the quality of the 
groundwater, and the location of the available supply of groundwater, recovering groundwater 
for use by District customers is less viable than the recommended “Recycled Water” alternative.  
However, it appears that for the Study Area, groundwater may be a viable option for meeting 
peak flows in a recycled water system, or for serving those customers where the distribution and 
pumping costs were not cost effective. 
 
7.3.3 Surface Water 

Typically, untreated surface water represents another potential replacement for potable water in 
irrigation, industrial applications, and other non-potable uses.  For this Study Area, however, 
surface water is not a viable alternative.  This is because local streams have minimal flows or are  
dry during the summer when irrigation demands (the greatest use for the recycled water for the 
Project) are highest.  Reservoirs would need to be constructed to store winter runoff for later 
use.1  However, these reservoirs can not be replenished with surface water during the time that 
they would be primarily in use.  Therefore, once the reservoirs are drawn down, they would 
loose their value for that particular season. 
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The “Surface Water” alternative has very limited source water available.  In addition, the 
majority of the source water that is available is of poor quality, potentially containing 
contaminants such as oil and pesticides.  Treatment of this water to make it suitable of use by 
customers would be cost prohibitive, as compared to the recycled water project. 
 
7.3.4 Desalination 

There are two potential sources of seawater in the study area: Lake Merritt and San Francisco 
Bay.  Oakland’s Lake Merritt receives some surface water runoff and is located in the vicinity of 
the bulk of recycled water customers for this project.  However, Lake Merritt is not a fresh water 
lake.  The majority of the water in Lake Merritt is “backwater” from the San Francisco Bay, 
which is a saltwater bay.  Since the downtown Oakland area is essentially built-out, it would be 
extremely difficult to site a large facility in this area.  It is likely that a pumping plant would be 
required to send raw water to the District’s MWWTP for desalination.  
 
The second option is to pump San Francisco Bay water to the wastewater treatment plant.  The 
San Francisco Bay is located close to the MWWTP, and would be a more feasible option in 
terms of pumping costs.  In addition, the pipeline could parallel the District’s outfall and would 
not require additional property purchases or easements.  
 
Since the flux rate for a microfilter would be very low for seawater, it is usually more cost 
effective to use traditional treatment than microfiltration for seawater desalination.  That is, 
flocculation, sedimentation, and other treatment facilities would be required as pretreatment to 
the reverse osmosis process. The California Coastal Commission published Seawater 
Desalination in California in 1993.  Unit costs ranged from $700 to $6,000/AF with an average 
of $2300/AF.  Updated to 2000 dollars, the unit cost is $2944.  However, the price of membranes 
has dropped dramatically in the last two years, so a unit cost of $2500/AF for the total 
desalination process has been used.  Figure 7-15 shows that the treatment cost for the 
desalination option is two to three times the cost of tertiary treatment.   
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Figure 7-15
Desalination Treatment Cost
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7.3.5 No Project Alternative 

In order to identify comprehensively the actions and projects needed to meet its water supply 
planning goals, the District updated its Water Supply Management Program in 1993.  To meet 
Federal and State requirements, an intensive environmental and technical effort to develop a 
combined EIS/EIR was written which evaluated all water supply options for the Districts service 
area at length, and was adopted in 1995.  This program found that the East Bayshore Project was 
a cost-effective option relative to other options available. 
 
As part of the Water Supply Management Program, the District is required to create projects that 
will supply a total of 8 mgd of recycled water by the year 2020.  The East Bayshore Project was 
one of several projects that are required to meet that goal.  There are three scenarios in which no 
project is a feasible alternative: 1) the District secures the American River water supply; 2) the 
District’s investigations of groundwater recharge are found to be feasible and can supply at least 
1.9 mgd of new water supply; 3) other recycled water projects are either more cost effective or 
can supply sufficient water to make this project inessential. 
 
As described in Section 3, the District’s water rights to American River water have been tied up 
in litigation for the last 30 years.  In December 2000, the District came to a tentative 
understanding of agreement with the City and County of Sacramento for taking Sacramento 
River Water.  However, it is uncertain how soon this project will move forward and it is 
uncertain that the supply will become viable by 2005.  
 
The groundwater recharge project is moving forward and looks promising in the San Leandro 
area.  A test program is underway, and may mean that a “new” water supply will become 
available by the year 2005.  However, it is still uncertain at this time. 
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The District is currently studying several recycled water projects throughout its water service 
area.  There are two other projects that are underway and have potential to be in place by the year 
2005: the San Ramon Valley Project (1.7 mgd for Phase I) and the Lamorinda project (1 mgd).  
While these projects are located in the District’s water service area, they are outside the District’s 
wastewater service area.  This means that supply agreements must be reached with other public 
agencies.  These negotiations have been underway for a several years now, but have not reached 
resolution.   
 
The East Bayshore Recycled Water Project has a number of advantages over the other recycled 
water projects being studied by the District.  Since the East Bayshore Recycled Water project 
will utilize effluent from the District’s MWWTP, no agreements are needed with other entities to 
secure the water supply.  Also, the District has complete control over the quality of the effluent 
that will be the source of the recycled water.  The District’s MWWTP is the largest treatment 
plant within its service area with a design capacity of 168 mgd for secondary treatment.  Based 
on the projected recycled water demand and large secondary effluent flow produced, the East 
Bayshore Recycled Water Project will have an ample supply of effluent for producing the 
recycled water.    
 
The “No Project” alternative is a viable option as long as one of the three scenarios described 
above moves forward in the near future. 
 
7.4 COMPARISON OF ALTERNATIVES 

In order to further assess the alternatives considered, a list of measurable factors has been 
developed to determine an alternative’s relative impacts and/or benefits.  These factors include:  
economics, availability of water supply, quality of water supply, land use and technological 
issues, public health and safety, and public perception.  The following is a discussion of each of 
these factors.  Note that the “No Project” alternative assumes use of an alternative potable source 
of water, such as the American River.  A summary of each alternative and the factors considered 
is contained in Table 7-15. 
 
7.4.1 Economics 
 

    

In the analysis of alternatives it is assumed that the treatment facilities required for each non-
potable water alternative will be located at the District’s MWWTP.  Therefore, the cost of the 
distribution system will be the same for each alternative.  The cost differences between the 
alternatives will be due to treatment requirements, as well as the cost to transport the non-potable 
water to the MWWTP for treatment prior to distribution.  Due to the fact that the source for the 
“Recycled Water” alternative is already located at the plant, there will be no transportation costs 
incurred.  The recycled water costs will be limited to treatment costs, which, as discussed earlier, 
are estimated to be $1200/AF.  Based on current technology, the cost of desalinating water from 
the San Francisco Bay is estimated to be $2500/AF.  Therefore, the cost of these alternatives 
exceeds $2600/AF when the cost of transporting the untreated water to the MWWTP is 
considered.  The groundwater wells within the Study Area which appear to have yields that will 
meet the demands of the anticipated customers are at the southern extreme of the Study Area.  If 
the water also needs to be transported to the MWWTP, these unit costs will increase 
substantially.  Finally, due to the current status of the District’s attempts to exercise its rights to 
the American River, and the lack of other potable water rights that are for sale, it is assumed that 
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the cost for the “No Project” alternative will be well in excess of $3,000/AF, which is the upper 
limit for the economics factor used in Table 7-15. 
 
7.4.2 Availability of Supply 
 
The availability of supply represents the relative ease in obtaining the water which is then treated 
prior to distribution to customers.  The source water for the “Recycled Water” alternative is 
plentiful, based on the average daily flow of 77 mgd at the MWWTP.  The “Desalination”  
alternative also has a plentiful supply of water, based on the proximity of the Study Area to the 
San Francisco Bay.  The availability of groundwater supplies in the vicinity of the MWWTP 
requires further study, and so is considered less reliable than the availability of effluent from the 
MWWTP or of bay water.  Surface water is not a reliable source of water, as discussed in 
Section 7.3.3.  Finally, due to the lack of other potable water rights that are for sale, the 
availability of supply for the “No Project” alternative is poor. 
 
7.4.3 Quality of Water Supply 
 
The quality of the water for the “No Project” alternative is considered the highest quality, since it 
is assumed that it is a potable water supply.  The “Recycled Water” alternative also has relatively 
good quality of water, based on the existing effluent quality from the MWWTP.  The quality of 
the groundwater within the Study Area is poor, due to the potential for high boron and total 
dissolved solids concentrations in the water.  The quality of the surface water and the Bay water 
is very poor due to the high levels of salts and other pollutants present in the water. 
 
7.4.4 Land Use & Technological Issues 
 
The Study Area is highly urbanized, land costs are at a premium, and disruptions to existing 
roads and travel ways are problematic.  Therefore, in order to assess the land use factor, 
consideration of the land area involved in the construction of the water supply transmission 
pipeline(s) to the MWWTP for each alternative must be considered.  In addition, the availability 
of the technology necessary to treat the supply water for use by customers must be considered.  
Based on these two criteria, Recycled Water is the best alternative, due to the fact that the supply 
water is already at the MWWTP, and that the technology which will be used for treating the 
recycled water is readily available.  The treatment processes for the “Surface Water,” 
“Groundwater,” and “Desalination” alternatives are also available, and may be rated equally.  
However, with respect to land use issues, the “Desalination” alternative is the best of the three 
due to the proximity of the Bay to the MWWTP.  This alternative is followed by the “Surface 
Water” and “Groundwater” alternatives based on their location relative to the MWWTP.  Finally, 
although the treatment technology for the “No Project” alternative is readily available, supply 
sources are the most distant of all the alternatives from the MWWTP, and so has the lowest land 
use ranking. 
 
7.4.5 Public Health & Safety 
 
The Public Health & Safety factor examines component-specific criterion under Public Health 
and Drinking Water Quality.  The main criterion is to maximize the quality of the District’s 
drinking water quality supply.  Based on water quality, the “No Project” alternative was given 
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the highest ranking since it provides potable water to the Study Area.  The Recycled Water and 
“Groundwater” alternatives were ranked equally since they will require similar levels of 
treatment to achieve the desired water quality that is required by customers.  The “Surface 
Water” and “Desalination” alternatives were ranked the lowest. 
 
7.4.6 Public Perception 
 
The public’s perception of the “Recycled Water” alternative has been ranked slightly lower then 
the “Groundwater” alternative.  This is based on the positive reception District staff has had in 
meeting with potential customers for the East Bayshore Recycled Water Project.  The 
“Desalination” alternative has been ranked somewhat lower due to the potential adverse reaction 
that the public may have in using waters typically considered polluted with toxic substances.  
Finally, the “No Project” and “Surface Water” alternative has been ranked the lowest due to the 
concern of environmentalists regarding the District’s expansion of its existing water rights. 
 
7.4.7 Summary of Alternatives 
 
Table 7-15 below summarizes the alternatives considered and the evaluation factors discussed 
above.  This table illustrates that the “Recycled Water” alternative is the preferred alternative. 
 

Table 7-15 
WEIGHTED COMPARISON OF ALTERNATIVES 
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Recycled 
Water 

3 1 3 1 3 3 14 1 

Desalination 5 1 5 3 3 4 21 2 
Groundwater 1 5 6 5 4 2 23 3 
No Project* 7 7 1 6 1 6 28 4 
Surface Water 7 7 6 7 3 6 36 5 

*Assumes use of alternative potable source of water, such as the American River that is currently not available. 
 
      1 = Highest (favorable)  1 = <$1,000 / AF 
      ↓    3 = $1,000 - $1,999 / AF 
      7 = Lowest (least favorable) 5 = $2,000 - $2,999 / AF 
 
7.5 SUBALTERNATIVES OF SELECTED ALTERNATIVE 

In order to develop the preferred Project option, modified recycled water project options have 
been developed and evaluated in an effort to optimize Project demand served versus the unit cost 
of recycled water.  The purpose of these optimized options is to define the existing customer 
service area that provides the least cost for recycled water with the highest demand served, 
expressed in terms of the unit cost of water ($/AF).  These optimized options serve as a baseline 
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against which the other Project options can be compared.  This comparison will be useful as a 
decision tool for the District as it selects a project for implementation and considers sizing initial 
construction facilities to serve a range of future Project demands. 
 
Since the demand shown in Table 7-7 was based on existing users, a secondary alternatives 
analysis was completed that looked at the feasibility of extending Option 12 to include the future 
Alameda Naval Air Station and Oakland Army base redevelopment demands.  In addition, a 
refinement of the cost-effective users was made to reduce the overall project cost.  Table 7-16 
summarizes that effort. 
 
Consideration of Varying Storage, Pump Rates, and Pipeline Diameters 

The storage capacity, pump rates, and pipeline diameters have been verified through hydraulic 
modeling.  For each project option, the pipe size was varied to confirm that the most economical 
selection was made in terms of energy costs vs. construction cost. 
 
Use of Fresh Water Blending During Peak Irrigation Months 

The use of potable water blending during peak irrigation months was examined and found to 
reduce the price of the project by $3.8 million.  This assumes that 3 mgd of potable water is 
available at the MWWTP or in the vicinity of several large customers.  These assumptions need 
to be verified by modeling the potable water system.  However, the District’s recycled water 
program’s mission is to reduce the reliance on potable water within the District service area in 
order to meet demand during times of drought and at maximum build-out of the water service 
area.  Therefore, this alternative was not incorporated into the recommended project.   
 
Use of Groundwater Blending During Peak Irrigation Months 

Groundwater wells constitute a new water supply and the feasibility of pumping groundwater to 
help meet peak hour demands is being investigated.  As part of this investigation, test wells at the 
MWWTP will need to be built to determine maximum allowable pumping rates. 

 
Table 7-17 

PEAK SHAVING IDEAS 
(Based on 1.2 mgd project for comparison) 

 
Idea Recommendation Potential Savings 
Use of Potable Water 
for peak shaving 
(recycled 5.5 mgd, 
other sources 3 mgd) 

Use 3 mgd of Potable 
water to reduce storage 
& pumping plant size 

$ 3.8 million 

Use of Groundwater 
for peak shaving 
(2 wells at 500 gpm) 

Hire consultant to 
determine groundwater 
pumping capacity at 
MWWTP 

$ 0.7 million 
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7.6 WATER CONSERVATION/REDUCTION ANALYSIS 

As part of the Water Supply Management Program, the District adopted a comprehensive Water 
Conservation Master Plan (WCMP) in 1994.  The District’s water conservation programs 
address both supply and demand.  Demand-side water conservation programs improve customer 
water efficiency and include incentives, education, support, and regulation.  Supply-side water 
conservation programs improve water use efficiency before or after use by the customer and 
include distribution system leak detection and repair programs and on-site water reuse programs.   
 
Efficient water consumption reduces the overall need for water in the East Bay.  The projects 
defined in the WCMP are projected to save 16 mgd in the year 2020.  An additional 17 mgd is 
expected to result from “natural replacement” of toilets and irrigation equipment.  In FY 98, the 
savings goal was increased by 1 mgd to offset demand from anticipated annexations to the 
District’s service area.  The 2020 conservation savings goal is now 34 mgd, 17 of which are 
expected to result from conservation programs. 
 
7.6.1 Analysis 

The District’s ongoing water conservation program has been effective.  During the first five 
years of implementation, potable water savings were estimated to be 7 mgd.  One of the 
challenges surfacing in water conservation is “hardening of the demand.”  Since most fixtures 
replaced reduce demand, it is harder to find places and ways to further cut back on demand.  The 
District is currently looking into other approaches to water conservation, which may have a 
greater impact on water consumption in order to meet the 2020 demand projections.  The 
conservation, water recycling and groundwater offices meet on a regular basis to coordinate 
efforts. 
  
7.6.2 Impact on Recycling 

The District’s water conservation program focuses on decreasing potable water demands through 
improved customer water use efficiency, and through distribution system monitoring for leak 
detection.  The East Bayshore Recycled Water Project focuses on providing customers within the 
Study Area an alternative water source for those uses identified within Title 22 as allowable uses 
for recycled water.  The efforts complement each other in that both have common goals of 
reducing potable water demand and educating customers about options to using potable water.  
Through the combined approach of conservation and water recycling, the District is maximizing 
available resources and opportunities to preserve potable water supplies for potable water uses 
within the District’s service area.  
 
7.6.3 Recommendation 

The District’s current Water Conservation Program and the East Bayshore Recycled Water 
Project are complementary with each other.  Therefore, the Water Conservation Program should 
be continued within the Study Area. 
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7.7 POLLUTION CONTROL ALTERNATIVES 

The current trend in wastewater regulations involves regulating the total maximum daily loads 
(TMDLs) for impaired bodies of water.  The EPA is currently investigating San Francisco Bay as 
one of a number of water bodies to determine which constituents would be regulated under a 
TMDL program.  These new regulations could have a significant impact on the wastewater 
treatment facilities and could require millions of dollars of additional facilities.  However, at this 
point it is difficult to determine exactly what would be entailed at the District’s MWWTP.   
 
While the recycled water program could help reduce discharge into the Bay, the cost-effective 
alternatives are on the order of magnitude of 1 to 2 mgd while the MWWTP discharges 77 mgd 
on average annually.  Therefore these reductions in pollutant levels will be insignificant.   
The use of recycled water is expected to have minimal impact on water quality of the 
groundwater in the Study Area.  Additionally, since the District discharges into a salt water 
environment, the slightly higher TDS which might be seen in the sewage due to recycled water 
usage will not significantly impact treatment or water quality. 
 
 
References: 
1Bay Area Regional Water Recycling Program’s (BARWRP) Master Plan Report – December 1999. 
2 Based on UV testing done by EBMUD staff, as related by Don Gabb. 
3 Plant data for the period of 17-Aug-1999 through 15-Aug-2000. 
4 “The Cost of Reclamation in California,”(Table 6-9) Richard, D., Tschobanolglous, G., and Asano, T., Dept. of 
Civil and Environmental Engineering, UC Davis, November 1992. 
5 Zenon Environmental Inc. 
6Draft Water Reclamation Master Plan, Brown and Caldwell, January 1991. 
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SECTION 9 – CONSTRUCTION FINANCING PLAN AND REVENUE 
PROGRAM 

9.1 INTRODUCTION  

This section presents the financing and revenue plan for the East Bayshore Recycled Water Project.  
 
9.2 SOURCES AND TIMING OF FUNDS  

The Board of Directors established the Water Conservation and Development Fund in 1985 to be used 
to assist in the financing of measures to increase the District’s available water supply.  The types of 
measures may include recycled water, water conservation, and water supply improvements.  Cash 
received from charges for annexations provided the initial revenue.  The Future Water Supply 
Component (FWS) was added to the SCC in 1986 and updated in 1989 and 1991 as an additional 
source of revenue for the fund.  The FWS component is designed to cover the District-wide costs of 
developing new water supplies needed to serve new water users.  
 
The Water Conservation and Development Fund is currently committed to covering the debt service 
bonds and direct expense of financing current expenditure for water recycling.  In the fiscal year 2000, 
$107.3 million is available in the Fund. 
 
The SCCs, in response to the Water Supply Management Program findings, were set to have funds 
available to pay for 8.0 mgd of recycled water by the Year 2020.  The District’s current capital budget 
has sufficient funds to pay for the East Bayshore Project.  The total planning and design effort for this 
project is projected to cost $3.51 million.  The District has budgeted $3.46 million dollars for this 
effort.  With the $75,000 planning grant from the State Water Resources Control Board, this cost is 
covered.  The District is submitting a loan and grant application to the State Water Resources Control 
Board to help fund this project.  As shown in Table 9-1, the construction cost for the project is 
estimated to be $38.1 million. 
 
9.3 PRICING POLICY FOR RECYCLED WATER 

The District’s current recycled water pricing policy is based on the premise that “water is water”. 
Monthly use costs are based on demand and are set at the potable rate for all non-residential users.  The 
capital cost for recycled water is spread over the District’s whole water service area, and spread 
equally among all water users so that there is no “cost penalty” for using recycled water.   
 
Under current policy, potential recycled water customers fall into two categories: 1) new development 
and 2) existing customers planned for retrofitting systems to accommodate recycled water use.  The 
impact that current rate policies have on these customer groups varies.  The water System Capacity 
Charge (SCC) consists of four components for a new potable water customer: 1) Pre-1983 (region 
specific, but $99/100 gpd for the project area); 2) Post-1983 (region specific, but $0/100 gpd for the 
project area); 3) Future Water Supply ($570/100 gpd); and 4) Water Main Oversizing ($44/100 gpd).
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Current policy provides new recycled water customers a reduction on the SCC by only charging for the 
Future Water Supply (FWS) component (Section 3B of the Regulations Governing Water Service to 
Customers).  In the case of a new recycled water customer, most customers realize a significant 
reduction in the SCC that exceeds additional costs associated with dual plumbing to accommodate 
recycled water use.  In the case of retrofitting existing customer facilities, the District incurs all costs 
associated with the required retrofit regardless of demand.  The net result of this policy is equitable to 
all customers regardless of demand. 
 
9.4 COSTS ALLOCATED TO WATER POLLUTION CONTROL 

The recycled water project will reduce the annual average discharge to the San Franscisco Bay by 1.9 
mgd.  The annual cost of dechlorination for Fiscal year 2000 is shown in Table 9-2, with the amount of 
savings due to the recycled water project summarized in column two.  No cost change was assumed in 
salary since the reduction in labor is negligible.  Therefor the cost savings will be $21,085. 
 

Table 9-2 
COST OF DECHLORINATION 

 
Item 

 
Annual Cost Annual Savings 

due to Recycled 
Water 

Salaries $221,750 $0 
Chemicals – Sodium Bisulfate $780,000 $20,260 
Energy $31,750 $825 
Total $1,033,500 $21,085 

 
9.5 ANNUAL PROJECTION OF COSTS 

Table 9-3 summarizes the revenue program for the East Bayshore Project following SWRCB 
guidelines.  Table 9-4 summarizes the economic analysis for the project with the backup salvage value 
calculations shown in Table 9-5.  Using the SWRCB methodology for determining unit cost, this 
project will provide 1.9 mgd of water at a rate of $1494/acre-foot. 
 
9.6 SUNK COSTS AND INDEBTEDNESS 

To date, the District has spent or is obligated to spend due to consultant agreements approximately 
$500,000 on the Facilities Plan and CEQA documentation for this project.  In addition, the District has 
paid Caltrans $281,630 for Caltrans to upsize an irrigation line that will serve as a transmission 
backbone for the East Bayshore Project in the future. 
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Table 9-3 
REVENUE PROGRAM 

 
     YEAR      

 ITEM 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
  
 REVENUE  
  
 East Bayshore Customers  

 Annual Deliveries (AF) 0 0 0 695 996 996 1146 1989 2164 2164
a) Price ($/AF) $797 $827 $858 $890 $924 $958 $994 $1,031 $1,070 $1,110

 Revenue from Customer Sales $0 $0 $0 $618,711 $919,921 $954,418 $1,139,337 $2,051,590 $2,315,800 $2,402,643
  
 Planning Grant (Existing Agreement) $0 $75,000 $0 $0 $0 $0 $0 $0 $0 $0
 Proposition 13 Grant $0 $2,508,766 $2,491,234 $0 $0 $0 $0 $0 $0 $0
 Proposition 13 Loan Disbursement $0 $0 $9,321,069 $5,678,931 $0 $0 $0 $0 $0 $0
 SRF Loan Disbursement  $0 $0 $0 $2,123,305 $1,668,716 $4,980,338 $5,243,942 $873,990 $0 $0
  
 Total Revenue $0 $2,584,000 $11,812,00

0
$8,421,000 $2,589,000 $5,935,000 $6,383,000 $2,926,000 $2,316,000 $2,403,000

  
 EXPENDITURES  
 Phase 1A Project Costs  

b,g) Planning $538,445 $0 $0 $0 $0 $0 $0 $0 $0 $0
b,c) Design $0 $2,508,766 $0 $0 $0 $0 $0 $0 $0 $0
b,c) Storage $0 $0 $914,570 $0 $0 $0 $0 $0 $0 $0
b,c) Treatment $0 $0 $4,127,329 $1,031,832 $0 $0 $0 $0 $0 $0
b,c) Pipeline, Pump Station, Engine Generator $0 $0 $6,770,404 $6,770,404 $0 $0 $0 $0 $0 $0

b,c,g) Onsite Retrofits $0 $0 $1,279,566 $1,919,349 $0 $0 $0 $0 $0 $0
b,c,g) Property & Easements $0 $609,442 $0 $0 $0 $0 $0 $0 $0 $0

 Total Phase 1A Project Costs $538,445 $3,118,208 $13,091,86
9

$9,721,585 $0 $0 $0 $0 $0 $0

  
 Phase 1B Project Costs  

b,g) Planning $144,962 $0 $0 $0 $0 $0 $0 $0 $0 $0
b,c) Design $0 $0 $0 $0 $1,668,716 $0 $0 $0 $0 $0
b,c) Storage $0 $0 $0 $0 $0 $1,463,011 $0 $0 $0 $0
b,c) Treatment $0 $0 $0 $0 $0 $895,356 $0 $0 $0 $0
b,c) Pipeline, Pump Station, Engine Generator $0 $0 $0 $0 $0 $2,621,971 $5,243,942 $873,990 $0 $0

         
EBMUD  Page 9-4      section9.doc 



East Bayshore Recycled Water Project  
Facilities Plan  Section 9 – Construction Financing Plan and Revenue Program 

b,c,g) Onsite Retrofits $0 $0 $0 $0 $0 $496,027 $1,488,081 $496,027 $0 $0
b,c,g) Property & Easements $0 $0 $0 $0 $362,736 $0 $0 $0 $0 $0

 Total Phase 1B Project Costs $144,962 $0 $0 $0 $2,031,452 $5,476,365 $6,732,023 $1,370,017 $0 $0
  
  O&M  

d) Treatment $0 $0 $0 $376,569 $410,073 $420,849 $444,269 $527,955 $557,202 $571,683
e) Pipelines $0 $0 $0 $19,819 $21,801 $23,981 $26,379 $29,017 $31,919 $35,111

 Total O&M Cost $0 $0 $0 $396,388 $431,874 $444,830 $470,648 $556,972 $589,120 $606,794
  
  Project Financing  

f) Proposition 13 Loan Repayment $0 $0 $0 $0 $1,010,000 $1,010,000 $1,010,000 $1,010,000 $1,010,000 $1,010,000
f) SRF Loan Repayment $0 $0 $0 $0 $146,000 $146,000 $146,000 $146,000 $1,207,000 $1,207,000

 Total Repayment $0 $0 $0 $0 $1,156,000 $1,156,000 $1,156,000 $1,156,000 $2,217,000 $2,217,000
  
 Total Expenditures $683,000 $3,118,000 $13,092,00

0
$10,119,00

0
$3,641,000 $7,101,000 $8,359,000 $3,083,000 $2,838,000 $2,859,000

  
h) From EBMUD's General Fund $683,000 $534,000 $1,280,000 $1,698,000 $1,052,000 $1,166,000 $1,976,000 $157,000 $522,000 $456,000 

  
 Final Balance $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
  
 Notes:  
  
 a)  Price of water assumes a 3.75% rate increase per year. 
 b)  All planning, design & construction costs include a 25% contingency. 
 c)  All construction & design costs were escalated from Year 2000 at a 2.5% inflation rate to mid-point of construction - Year 2003 for Phase IA and 2006 for Phase IB 
 d) O&M treatment costs assume 3% inflation rate per year. 
 e) Pipeline maintenance cost is assumed to increase 10% annually for period 2003-2009. 
 f) Estimated repayment using 20-year loan period at 2.9% interest rate for Proposition 13 and SRF Loans. 
 g) Onsite retrofit costs and property & easement costs were excluded SWRCB grant & loans amounts 
 h)  Revenue from system capacity charges are used to partially fund loans and debt service. 
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Table 9-4 
ECONOMIC ANALYSIS 

Present Worth of Costs O&M Costs 

O&M Costs 

Year  

    

Recycled
Water 

Sales (AF) 

Design & 
Construction 

Cost1,2,3

Fixed Variable

Fertilizer 
Credit4

Salvage 
Value 

Present 
Worth 
Factor 

6% 
Design & 

Construction 
Cost 

Fixed Variable

Fertilizer 
Credit 

Salvage 
Value 

Total 

Present 
Worth of 

Sales (AF) 

2001    0 $2,329,639 $0 $0 $0 1.1236 $2,617,582 $0 $0 $0 $2,617,582 0

2002    0 $10,751,461 $0 $0 $0 1.0600 $11,396,549 $0 $0 $0 $11,396,549 0

2003  695 $7,245,152 $262,000 $111,000 $27,800 1.0000 $7,245,152 $262,000 $111,000 $27,800 $7,590,352 695

2004  996 $1,438,929 $262,000 $133,000 $39,840 0.9434 $1,357,485 $247,171 $125,472 $37,585 $1,692,543 940

2005  996 $4,294,530 $262,000 $133,000 $39,840 0.8900 $3,822,132 $233,180 $118,370 $35,458 $4,138,224 886

2006   1146 $4,521,834 $262,000 $144,000 $45,840 0.8396 $3,796,532 $219,975 $120,902 $38,487 $4,098,923 962

2007    1646 $753,639 $262,000 $179,000 $65,840 0.7921 $596,958 $207,530 $141,786 $52,152 $894,122 1,304

2008    2164 $0 $262,000 $217,000 $86,560 0.7473 $0 $195,793 $162,164 $64,686 $293,270 1,617

2009    2164 $0 $262,000 $217,000 $86,560 0.7050 $0 $184,710 $152,985 $61,025 $276,670 1,526

2010    2164 $0 $262,000 $217,000 $86,560 0.6651 $0 $174,256 $144,327 $57,571 $261,012 1,439

2011    2164 $0 $262,000 $217,000 $86,560 0.6274 $0 $164,379 $136,146 $54,308 $246,217 1,358

2012    2164 $0 $262,000 $217,000 $86,560 0.5919 $0 $155,078 $128,442 $51,235 $232,285 1,281

2013    2164 $0 $262,000 $217,000 $86,560 0.5584 $0 $146,301 $121,173 $48,335 $219,138 1,208

2014    2164 $0 $262,000 $217,000 $86,560 0.5268 $0 $138,022 $114,316 $45,600 $206,737 1,140

2015    2164 $0 $262,000 $217,000 $86,560 0.4970 $0 $130,214 $107,849 $43,020 $195,043 1,076

2016    2164 $0 $262,000 $217,000 $86,560 0.4688 $0 $122,826 $101,730 $40,579 $183,976 1,014

2017    2164 $0 $262,000 $217,000 $86,560 0.4423 $0 $115,883 $95,979 $38,285 $173,576 957

2018    2164 $0 $262,000 $217,000 $86,560 0.4173 $0 $109,333 $90,554 $36,121 $163,765 903

2019    2164 $0 $262,000 $217,000 $86,560 0.3936 $0 $103,123 $85,411 $34,070 $154,464 852

2020    2164 $0 $262,000 $217,000 $86,560 0.3714 $0 $97,307 $80,594 $32,148 $145,752 804

2021    2164 $0 $262,000 $217,000 $86,560 0.3503 $0 $91,779 $76,015 $30,322 $137,472 758

2022    2164 $0 $262,000 $217,000 $86,560 $10,386,061 0.3305 $0 $86,591 $71,719 $28,608 $3,432,593 -$3,302,892 715

Total  $36,661,744  $35,901,495 $3,185,448 $2,286,933 $857,397 $3,432,593 $32,014,782     21,435 

     
Unit Cost ($/AF)=(Total Present Worth of Costs)/(Total Present Worth of Sales)= $1,494  

Notes: 1) Planning, property acquisition and easements are not included in cost 3) All design and construction costs are in Year 2000 dollars. 

 2) Design & construction costs include a 25% contingency 4) A credit for fertilizer value in recycled water used for landscape irrigation is assumed to be 
$40.00/AF. 
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Table 9-5 
PROJECT SALVAGE VALUE 

 
Item Capital 

Cost 
Useful 
Life 

Salvage 
Value 

(Years)  
Treatment Facilities $4,953,568 20 $0 
Storage Facilities $1,879,625 75 $1,378,392 
Pump Stations $2,894,944 20 $0 
Pipelines $15,012,782 50 $9,007,669 
Engineering, Legal, Admin $3,602,725 0 $0 
Total $32,893,176 $10,386,061 
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WasteWater systeM
EBMUD’s wastewater service district (known as Special 
District No. 1, or SD-1) was established as a separate 
wastewater district within EBMUD’s water service area in 
1944. SD-1 is governed by EBMUD’s Board of Directors and 
is administered by EBMUD’s Wastewater Department.

SD-1 treats domestic, commercial and industrial wastewater 
for the cities of Alameda, Albany, Berkeley, Emeryville, 
Oakland and Piedmont, and for the Stege Sanitary District, 
which includes El Cerrito, Kensington and parts of 
Richmond. Each of these communities operates sewer 
collection systems that discharge into one of five EBMUD 
sewer interceptors (Adeline, Alameda, North, South, and 
South Foothill) as illustrated in Figure 5-1.

WasteWater Generation, 
ColleCtion and treatMent
Based on 2010 census data, approximately 1.34 million 
people are served by EBMUD’s water service district. 
Within this service area as shown in Figure 5-1, there are 
several wastewater utilities operating in addition to 
EBMUD’s SD-1. SD-1 serves approximately 650,000 people 
in an 88 square-mile area of Alameda and Contra Costa 
counties along the east shore of the San Francisco Bay, 
extending from Richmond in the north to San Leandro in 
the south. Table 5-1 lists wastewater utilities shown on 
Figure 5-1 with their capacities and average dry weather 
wastewater flow projections from 2010 to 2040. Some of 
these districts, such as Dublin San Ramon Services District 
(DSRSD) and Oro Loma Sanitary District, are similar to 
SD-1 because they operate and maintain intercepting 
sewers that receive and transport wastewater from 
collection systems, which are owned and operated by 
communities within these districts. The cities of San 
Leandro, Pinole, Richmond, Rodeo and Hercules own and 
maintain both the collection systems and the interceptor 
systems within their respective utility districts.

Wastewater Collection System
EBMUD’s collection facilities are comprised of the 
interceptor system and collection system pumping stations. 

The interceptors consist of 29 miles of reinforced concrete 
pipes ranging from 12 inches to 9 feet in diameter. They 
collect wastewater from approximately 1,400 miles of 
sewers owned and operated by the communities in the 
SD-1 service area. Fifteen collection system pumping 
stations, ranging in capacity from 0.5 to 54.7 MGD, lift 
wastewater throughout the interceptors as it travels to the 
Wastewater Treatment Plant.

Wastewater Treatment System
Wastewater collected by the interceptors flows to 
EBMUD’s Main Wastewater Treatment Plant (MWWTP), 
which is located in Oakland near the foot of the San 
Francisco-Oakland Bay Bridge. The plant provides 
secondary treatment for a maximum flow of 168 MGD. 
Primary treatment can be provided for up to a peak flow 
of 320 MGD. The average annual daily flow is 
approximately 65 MGD.

Primary treatment removes floating materials, oils and 
greases, sand and silt and organic solids heavy enough to 
settle in water. Secondary treatment biologically removes 
most of the suspended and dissolved organic and 
chemical impurities that would deplete life-giving oxygen 
from the waters of the Bay if allowed to decompose 
naturally. The treatment steps are pre-chlorination (for 
odor control), screening (to remove large objects), grit 
removal, primary sedimentation, secondary treatment 
using high-purity oxygen-activated sludge, final 
clarification, sludge digestion, and dewatering. The treated 
effluent is then disinfected, dechlorinated and discharged 
through a deep-water outfall one mile off the East Bay 
shore into San Francisco Bay.

WasteWater disPosal
Treated wastewater produced by the wastewater treatment 
plants within the EBMUD water service area is discharged 
through pipelines or outfalls to San Francisco Bay, Suisun 
Bay, or to San Pablo Bay and also provides a supply for 
recycled water programs. Table 5-2 illustrates 
characteristics of treated wastewater and the projected 

ChaPter 5. WasteWater and reCyCled Water
EBMUD and several other wastewater utilities collect and treat wastewater in the EBMUD water service 
area. Currently four wastewater treatment facilities provide recycled water to EBMUD customers. Recycled 
water use reduces the demand for EBMUD’s potable water supplies. Successful partnerships with the public, 
recycled water users, water and wastewater utilities, and state and federal agencies that provide funds to 
support resource conservation projects continue to help advance EBMUD’s water recycling projects.
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FIGURE 5-1                                                               WASTEWATER DISTRICTS WITHIN EBMUD’S WATER SERVICE BOUNDARY
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average dry weather fl ows of the portion of treated 
wastewater that are not recycled and that are discharged 
from each wastewater treatment plant within EBMUD’s 
water service area. Many of these treatment plants 
recycle water for washing down fi lters and for other in-
plant operations.

reCyCled Water ProGraM
Recycled water is highly treated wastewater that is suitable 
for a variety of benefi cial uses. Recycled water is 
stringently regulated by Title 22 of the California Code of 
Regulations, which dictates the level of treatment and use 
of recycled water in California. 

The California Department of Public Health (CDPH) has 
the authority and responsibility under California law to 
establish health-related standards for water recycling and 
reuse. The California Water Code provides for the nine 
California Regional Water Quality Control Boards 
(RWQCBs) to establish water quality standards, to 
prescribe and enforce waste discharge requirements, and, 
in consultation with the CDPH, to prescribe and enforce 
water recycling requirements. Thus, the regional boards 
enforce CDPH’s water recycling criteria, and each water 
recycling project must have a permit from the appropriate 

RWQCB conforming to CDPH criteria. As is the case in 
many states, local health agencies have independent 
authority and may, if they deem necessary, impose 
requirements more stringent than those specifi ed by CDPH 
or RWQCBs. All EBMUD recycled water projects must 
comply with California’s recycled water regulations, which 
are considered to be some of the strictest in the nation.

Recycled water use is a critical element of EBMUD’s water 
supply management policies and stretches EBMUD’s 
limited, high-quality drinking water supply, as any demand 
met with recycled or non-potable water reduces the 
demand for potable water supply. In addition to increasing 
water supply reliability and lessening the effect of extreme 
rationing during droughts, recycled water use delays or 
eliminates the need for more potable water facilities, 
sustains the economy with increased water supply 
reliability, protects San Francisco Bay by reducing treated 
wastewater discharges, safeguards community and private 
investments in parks and landscaping with a drought-proof 
or drought-resistant water supply, and contributes to a 
green and healthy environment.

EBMUD initiated water recycling programs that reduce 
demand on drinking water supplies in the early 1970s. 
EBMUD has been recycling water for landscape irrigation 

taBle 5-1 ColleCted and treated WasteWater Generated in eBMUd serviCe area1

  
 WasteWater treatMent 
 Plant CharaCteristiCs               CUrrent treated      

 loCation CaPaCity        WasteWater      ColleCted and treated WasteWater FloWs (MGd)2                       
aGenCy (City) (MGd)          disPosal Method      2010 2015 2020 2025 2030 2035 2040

eBMUd sPeCial     disCharGed 
distriCt no.1 oaKland 168 & reCyCled 74 74 74 74 74 74 74

     disCharGed  
City oF san leandro san leandro 9.7 & reCyCled 5 5.34 5.68 6.02 6.36 6.7 7

dUBlin san raMon     disCharGed  
serviCes distriCt Pleasanton 11.5 & reCyCled 11.7 12.43 15.64 17.56 18.45 18.71 18.71

Central Contra Costa     disCharGed  
sanitary distriCt Martinez 70 & reCyCled 37 39 41 43 46 48 50

    disCharGed  
City oF Pinole/herCUles Pinole 4.06 & reCyCled3 3.5 4 4 4 4 4 4

City oF riChMond riChMond  16 disCharGed 8.5 8.5 8.5 8.5 8.5 8.5 8.5

West CoUnty    disCharGed  
WasteWater distriCt riChMond 12.5 & reCyCled 6.6 8 8 8 8 8 8

    disCharGed 
rodeo sanitary distriCt rodeo 1.14 & reCyCled3 0.55 0.65 0.65 0.65 0.7 0.7 0.7

oro loMa    disCharGed  
sanitary distriCt4 san lorenzo 20 & reCyCled 13.5 14 14.5 15 17 17 17

CroCKett sanitary    
dePartMent5,6  CroCKett 1.78 disCharGed 0.7 0.7 0.7 0.7 0.7 0.7 0.7

TOTAL7    161.0 166.6 172.7 177.4 183.7 186.3 188.6
1 Data obtained through personal communication with staff in each of the Districts.
2 Collected and treated wastewater fl ows represent average dry weather fl ows.
3 The Rodeo Sanitary District and City of Pinole/Hercules utilize a joint outfall.   Recycled water use from this joint outfall is anticipated post 2010.
4 Wastewater fl ows for Oro Loma Sanitary District includes fl ows generated in Castro Valley Sanitary District, which operates a sewer collection system and does not operate a wastewater
    treatment system.
5 Crockett Sanitary Department includes fl ows from C & H Sugar.
6 Crockett Sanitary Department was formerly known as Crockett-Valona Sanitary District.
7 Total values have been rounded.
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and in-plant processes at its main wastewater treatment 
plant since 1971, and began its fi rst golf course recycled 
water irrigation project in 1984. Highlights of EBMUD’s 
recycled water program are chronicled in Table 5-3.

Stressing the importance of recycled water as part of the 
overall water supply picture, EBMUD’s Board of Directors 
adopted the Non-potable Water Policy No. 9.05 (amended 
November 14, 2006, see Appendix F). The policy requires 
that EBMUD customers use non-potable water (recycled 
water and other non-potable water sources) for non-
domestic purposes when it is of adequate quality and 
quantity, available at reasonable cost, not detrimental to 
public health, and not injurious to plant life, fi sh or wildlife. 
It is EBMUD’s current practice to promote recycled water to 
its customers for appropriate non-potable uses.

During calendar year 2010, EBMUD provided more than 9 
million gallons a day (MGD) of recycled water for non-
residential landscape irrigation and industrial uses 
including reuse at its main wastewater treatment plant. 
Table 5-4 compares the actual recycled use in 2010 with 

recycled water use as projected in the UWMP 2005. By 2040, 
EBMUD anticipates providing 20 MGD of recycled water. 

EXISTING RECYCLED WATER PROJECTS
EBMUD’s Water Recycling Program has grown signifi cantly 
since EBMUD began producing and using recycled water at 
its MWWTP in 1971. Table 5-5 (see page 5-7) lists the 
characteristics of EBMUD’s ten existing recycled water 
projects, as well as the quantity of recycled water they 
supplied in 2010, and the quantity they are expected to 
supply through 2040. In 2010, these recycled water projects 
supplied an average of 9.3 MGD of recycled water. The 
R ichmond Advanced Recycled Expansion Water Project 
(RARE), which commenced operations in 2010, is projected 
to provide an additional 3.5 MGD of recycled water. 

Recycled water for these projects is used for various 
industrial purposes and for irrigating landscape. 
Wastewater sources for EBMUD’s existing recycling 
projects come from four wastewater treatment facilities 
owned and operated by four different agencies. In addition 

TABLE 5-2  NON-RECYCLED WASTEWATER TREATED AND DISCHARGED IN THE EBMUD SERVICE AREA1

   CURRENT LEVEL
       OF TREATMENT         
   FOR DISPOSED                  NON-RECYCLED WASTEWATER FLOWS (MGD)                
AGENCY CURRENT DISPOSAL METHOD  WASTEWATER3  2010 2015 2020 2025 2030 2035 2040

EBMUD SPECIAL  DISCHARGED TO  
DISTRICT NO.1 SAN FRANCISCO BAY SECONDARY 72.5 72.5 69.1 67.3 67.3 67.3 67.3

  DISCHARGED THROUGH EBDA    
CITY OF SAN LEANDRO PIPELINES TO S.F. BAY SECONDARY 1.25 1.34 1.42 1.5 1.59 1.68 1.75

DUBLIN SAN RAMON  DISCHARGED THROUGH LAVWMA/  
SERVICES DISTRICT EBDA PIPELINES TO S.F. BAY SECONDARY 1.9 1.47 1.77 0.77 0 0 0

CENTRAL CONTRA COSTA  DISCHARGED TO   
SANITARY DISTRICT SUISUN BAY SECONDARY 37 38.8 40.6 42.4 45.4 47.3 49.3

  DISCHARGED TO 
CITY OF PINOLE/ PINOLE/HERCULES/RODEO   
HERCULES OUTFALL THEN TO SAN PABLO BAY SECONDARY 3.5 4 1.2 1.2 0.3 0.3 0.3

 DISCHARGED TO
CITY OF RICHMOND SAN FRANCISCO BAY SECONDARY 8.5 8.5 8.5 8.5 8.5 8.5 8.5

 DISCHARGED THROUGH
WEST COUNTY CITY OF RICHMOND    
WASTEWATER DISTRICT TO SAN FRANCISCO BAY SECONDARY 0 0 0 0 0 0 0

  DISCHARGED TO
RODEO PINOLE/HERCULES/RODEO  
SANITARY DISTRICT OUTFALL THEN TO SAN PABLO BAY SECONDARY 0.55 0.65 0.65 0.65 0.7 0.7 0.7

ORO LOMA DISCHARGED THROUGH EBDA   
SANITARY DISTRICT4 PIPELINES TO S.F. BAY SECONDARY 13.24 13.74 14.24 14.74 16.74 16.74 16.74

CROCKETT SANITARY    
DEPARTMENT5 DISCHARGED TO CROCKETT SECONDARY 0.7 0.7 0.7 0.7 0.7 0.7 0.7

TOTAL6   139.1 141.7 138.2 137.8 141.2 143.2 145.3
1 Data obtained through personal communication with staff in each of the Districts.
2 Assumes that non-recycled fl ow discharged is the difference between the average dry weather fl ow of the wastewater and the maximum day demand for the recycled water.
3 There is a potential to directly use disposed of treated wastewater for recycled water applications provided that it receives further treatment to meet recycled water standards.
4 The Rodeo Sanitary District and City of Pinole/Hercules utilize a joint outfall. Recycled water use from this joint outfall is anticipated post-2011. For this table, the recycled water demand from  
  the outfall is attributed to City of Pinole/Hercules only.
5 The Crockett Sanitary Department was formerly known as Crockett-Valona Sanitary District.
6 Total values have been rounded.

2
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taBle 5-3 eBMUd’s reCyCled Water ProGraM historiCal hiGhliGhts

1970s

 1971 First Use oF reCyCled Water at eBMUd’s Main WasteWater treatMent Plant

1980s

 1984 First CoMMerCial reCyCled Water CUstoMer - the riChMond CoUntry ClUB 

 1987 eBMUd nonPotaBle Water PoliCy Mandates the Use oF nonPotaBle Water

 1988 oFFiCe oF Water reCyClinG is estaBlished

1990s

 1993 eBMUd Water sUPPly ManaGeMent Plan inCorPorates Water reCyClinG Goals 

 1994 Board adoPts Water Conservation and reCyClinG Master Plans

 1995 joint PoWers aUthority (derWa) ForMs in order to Create the san raMon valley reCyCled Water ProGraM 

 1996 north riChMond Water reClaMation Plant Provides reCyCled Water to the Chevron reFinery 

 1999 Federal Water resoUrCe develoPMent aCt oF 1999 (Wrda) aUthorizes $15 Million For the san raMon valley
  reCyCled Water ProGraM 

2000s

 2000 WATER RECYCLING IN LANDSCAPING ACT ADOPTED BY THE STATE OF CALIFORNIA 

 2002 AWARD WINNING RECYCLED WATER CUSTOMER TRAINING VIDEOS AND MANUAL CREATED

 2002 U.S. ARMY CORPS OF ENGINEERS AND DERWA PARTNER TO DESIGN SOME SAN RAMON VALLEY RECYCLED WATER PROJECT FACILITIES 

 2003 PIPELINE CONSTRUCTION BEGINS FOR THE EAST BAYSHORE AND SAN RAMON VALLEY RECYCLED WATER PROJECTS 

 2004 EBMUD BOARD OF DIRECTORS IMPROVES FINANCIAL INCENTIVES FOR USING RECYCLED WATER 

 2004 CALIFORNIA STATE WATER RESOURCES CONTROL BOARD INCREASES GRANTS AND LOW-INTEREST LOAN FUNDING FOR EBMUD RECYCLED
  WATER PROJECTS TO $44.3 MILLION 

 2006 SAN RAMON VALLEY RECYCLED WATER PROJECT (PHASE 1) PROVIDES RECYCLED WATER TO IRRIGATION CUSTOMERS

 2007 WRDA AUTHORIZES $25 MILLION FOR EBMUD’S RECYCLED WATER PROGRAM. 

 2007 DEPARTMENT OF WATER RESOURCES AWARDS A $2.1 MILLION GRANT FOR THE RICHMOND ADVANCED RECYCLED EXPANSION (RARE)
  WATER PROJECT

 2008 EAST BAYSHORE RECYCLED WATER PROJECT PROVIDES RECYCLED WATER TO CUSTOMERS IN OAKLAND

 2008 RECYCLED WATER TRUCK PROGRAM BEGINS OPERATION 

 2008 CONSTRUCTION BEGINS ON THE RARE WATER PROJECT

 2009 EBMUD RECEIVED $3.5 MILLION IN ECONOMIC STIMULUS FUNDING FOR THE SAN RAMON VALLEY RECYCLED WATER PROGRAM 

 2010 RARE WATER PROJECT PHASE 1 BEGINS OPERATION AT THE CHEVRON REFINERY

 2010 CONSTRUCTION BEGINS ON SAN RAMON VALLEY PHASES 2 TO 4 

CoMParison oF reCyCled Water Uses:
taBle 5-4 2005 ProjeCtion vs. 2010 aCtUal

 2005 ProjeCtion 2010 aCtUal
tyPe oF Use For 2010 (MGd) Use (MGd)

aGriCUltUre - -

landsCaPe irriGation 2.7 1.8

WildliFe haBitat - -

Wetlands - -

indUstrial 9.2 7.5

GroUndWater reCharGe - -

CoMMerCial 0.01 0.01

indireCt PotaBle Use - -

TOTAL 11.9 9.3
NOTES:
1. Recycled water use for 2010 is a best estimate of actual use as of the publication
 of the UWMP 2010.
2. Total values have been rounded.

to EBMUD’s MWWTP, the wastewater is supplied through 
external partnerships with the West County Wastewater 
District (WCWD), the City of San Leandro, and Dublin San 
Ramon Services District. Figure 5-2 depicts water 
recycling sites within the EBMUD service area.

riChMond CoUntry ClUB
In 1984, EBMUD began operating its fi rst golf course 
irrigation project at the Richmond Country Club using 
recycled water supplied from the WCWD’s wastewater 
treatment plant. One hundred fi fty acres are irrigated with 
recycled water. The WCWD treatment plant provides 
pretreatment, primary clarifi cation, activated sludge 
secondary treatment, and chlorination. It produces a 
secondary effl uent which meets Title 22 standards for 
restricted golf course irrigation. In 2010, Richmond 



5-6

■ UWMP: 2010 ChaPter 5 — WasteWater and reCyCled Water 

Country Club used an average of 0.18 MGD of recycled 
water. EBMUD contracts the maintenance and operation of 
the pump station to WCWD. 

san leandro reClaMation FaCility
In 1988, EBMUD constructed the San Leandro Reclamation 
Facility (SLRF) to serve EBMUD’s recycled water customers 
with treated wastewater produced by the City of San 
Leandro’s Water Pollution Control Plant (WPCP). Dual 
media filtration followed by disinfection with sodium 
hypochlorite is used to meet Title 22 standards for 
restricted irrigation applications. The water recycling 
treatment facilities include a high head pumping station, 
chlorination and dechlorination facilities, and surge 
control systems. Customers currently served by the SLRF 
include the Metropolitan Golf Links complex in Oakland, 
the Chuck Corica Golf Complex in Alameda, and the 
Harbor Bay Parkway in Alameda. 

In 1988, EBMUD began serving the Metropolitan Golf Links 
(formerly Galbraith Golf Course). The SLRF delivered an 
average of 0.01 MGD of disinfected secondary effluent to 
the golf course in 2010. It should be noted that this 
customer mainly uses groundwater for irrigation purposes 
and uses recycled water for backup or for blending.

In 1991, EBMUD extended the SLRF to include the Chuck 
Corica Golf Complex (formerly Alameda Golf Complex). 
Expansion of the facilities included minor control 
modifications to the City of San Leandro’s WPCP and 
installation of more than three miles of pipeline. The 
project delivered an average of 0.37 MGD to the Golf 
Complex in 2010.

As part of the SLRF expansion, EBMUD also added 
piping to serve the nearby Harbor Bay Parkway. The 
average delivery was 0.02 MGD for roadway greenbelt 
irrigation in 2010.

Chevron reFinery
The Chevron Refinery is the largest single user of recycled 
water in EBMUD’s service area. In 1996, EBMUD began 
supplying recycled water to the Chevron Refinery for the 
operation of recirculating water cooling towers. Secondary 
effluent from WCWD is treated to tertiary levels at EBMUD’s 
North Richmond Water Reclamation Plant (NRWRP) and 
then piped to the refinery. The NRWRP treats the 
secondary effluent in reactor clarifiers to remove calcium, 
phosphorus and magnesium using caustic soda softening 
technology. The water is then neutralized with sulfuric 
acid and passed through a sand filter to remove any 
remaining particles. The recycled water is disinfected with 

sodium hypochlorite to meet tertiary treatment levels for 
use in Chevron’s cooling towers. EBMUD and Chevron 
have worked together to implement improvements to 
recycled water service to Chevron, and have brought the 
average use of recycled water service up from 2 MGD in 
2004 to 4 MGD in 2010. The RARE Water project, detailed 
below, which became operational in 2010, will increase 
this usage significantly. 

eBMUd’s Main WasteWater 
treatMent Plant Water reCyClinG  
In 1971, EBMUD constructed treatment facilities to 
maximize the use of recycled water for plant processes 
and landscape irrigation at it’s MWWTP. In addition, 
recycled water for use as equipment wash down and 
construction projects was made available at the plant in 
the 1970s and during 1987-94 when EBMUD implemented a 
Drought Management Program. EBMUD continues to use 
recycled water for in-plant processes and landscape 
irrigation. In 2010, the average in-plant recycled water use 
was 3 MGD. Recycled water use at the EBMUD MWWTP is 
not included in the EBMUD recycled water goal of 20 MGD 
by 2040. Historically, the EBMUD MWWTP had not used 
potable water for processes and irrigation, and as a 
consequence current recycled water use does not offset 
potable water demand at the EBMUD MWWTP.

san raMon valley 
reCyCled Water ProGraM– Phase 1
The San Ramon Valley Recycled Water Program 
(SRVRWP) is a partnership between EBMUD and the 
Dublin San Ramon Services District. Phase 1 of this multi-
phased project was completed in 2006 and now delivers 
approximately 0.7 MGD to landscape irrigation customers 
in San Ramon. The project will eventually serve an annual 
average of 2.4 MGD of recycled water to EBMUD irrigation 
customers in portions of Blackhawk, Danville and San 
Ramon. See “Projects Under Construction” section in this 
chapter for more details. 

riChMond advanCed reCyCled 
exPansion Water ProjeCt – Phase 1  
EBMUD’s newest recycled water project, the RARE Water 
Project, builds on EBMUD’s existing partnership with the 
Chevron refinery in Richmond. In collaboration with 
Chevron, EBMUD completed construction of the RARE 
Water Treatment Plant in 2010. Located within the refinery, 
the new RARE plant treats secondary effluent from WCWD 
via microfiltration and reverse osmosis to produce the high 
purity water quality required by the refinery’s boilers.
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taBle 5-5  qUantities oF reCyCled Water served For eBMUd reCyCled Water ProjeCts
    
   WasteWater   CaPital Cost in                                                         averaGe daily reCyCled Water Use (MGd)                           

ProjeCt and loCation tyPe oF Use year initiated sUPPly soUrCe Fy10 in Millions 20101 2015 2020 2025 2030 2035 20402

existinG ProjeCts

   West CoUnty
riChMond CoUntry ClUB [riChMond] GolF CoUrse irriGation 1984 WasteWater distriCt WWtP — 0.18 0.18 0.18 0.18 0.18 0.18 0.18

MetroPolitan GolF linKs [oaKland] GolF CoUrse  irriGation 1988 City oF  san leandro WPCP — 0.01 0.01 0.01 0.01 0.01 0.01 0.01

ChUCK CoriCa GolF CoMPlex [alaMeda] GolF CoUrse  irriGation 1991 City oF  san leandro WPCP — 0.37 0.37 0.37 0.37 0.37 0.37 0.37

harBor Bay  ParKWay [alaMeda] landsCaPe irriGation 1991 City oF san leandro WPCP — 0.02 0.02 0.02 0.02 0.02 0.02 0.02

 CoolinG toWer  West CoUnty
Chevron reFinery [north riChMond] Water (indUstrial) 1996 WasteWater distriCt WWtP — 4 4 4 4 4 4 4

san raMon valley reCyCled Water
ProGraM – Phase 1 [Contra Costa CoUnty] landsCaPe irriGation 2006 dsrsd WWtP — 0.7 0.7 0.7 0.7 0.7 0.7 0.7

east Bayshore reCyCled Water indUstrial, landsCaPe irriGation,
ProjeCt – Phase 1a [alaMeda CoUnty]  toilet FlUshinG, in CoMMerCial BUildinGs 2008 eBMUd Main WWtP — 0.5 0.5 0.5 0.5 0.5 0.5 0.5

riChMond advanCed reCyCled exPansion (rare)
Water ProjeCt – Phase 1 [Contra Costa CoUnty] indUstrial 2010 WCWd WWtP — 3.5 3.5 3.5 3.5 3.5 3.5 3.5

 ConstrUCtion Water needs,
reCyCled Water trUCK ProGraM seWer FlUshinG, other non-PotaBle Uses 2008 eBMUd WWtP — 0.003 0.003 0.003 0.003 0.003 0.003 0.003

eBMUd WasteWater treatMent Plant Plant ProCesses (indUstrial) 
(in-Plant Uses) [oaKland]3 and landsCaPe irriGation 1971 eBMUd Main WWtP — 3 3 3 3 3 3 3

TOTAL EXISTING CUSTOMER RECYCLED WATER USE3     9.3 9.3 9.3 9.3 9.3 9.3 9.3

Planned Under ConstrUCtion

san raMon valley reCyCled Water ProGraM —
Phases 2 – 4 [Contra Costa CoUnty]  landsCaPe irriGation 2015 dsrsd WWtP $13  — 0.7 1.3 1.7 1.7 1.7 1.7

TOTAL PLANNED UNDER CONSTRUCTION     0 0.7 1.3 1.7 1.7 1.7 1.7

additional Planned

riChMond advanCed reCyCled exPansion (rare)    West CoUnty not yet
Water ProjeCt— FUtUre Phases [Contra Costa CoUnty] indUstrial 2015 WasteWater distriCt WWtP deterMined 0 0.5 0.5 1.5 1.5 1.5 1.5

satellite reCyCled Water ProjeCts   
[alaMeda CoUnty/Contra Costa CoUnty] landsCaPe irriGation 2015 satellite FaCility $42  0 0.2 0.2 0.4 0.4 0.7 0.7

east Bayshore reCyCled Water ProjeCt — landsCaPe irriGation, indUstrial, 
Phase 1B2 [alaMeda CoUnty]  toilet FlUshinG, in CoMMerCial BUildinGs 2020 eBMUd Main WWtP $37 0 0 1.2 1.8 1.8 1.8 1.8

san leandro Water reClaMation FaCility
exPansion ProjeCt [alaMeda CoUnty]4 landsCaPe irriGation 2020 City oF san leandro WPCP $16  0 0 0.5 0.5 0.5 0.5 0.5

ConoCoPhilliPs reCyCled Water ProjeCt   Pinole/herCUles/rodeo
[Contra Costa CoUnty] indUstrial 2020 WWtPs (CoMBined disCharGe) $42  0 0 2.8 2.8 3.7 3.7 3.7

reliez valley reCyCled Water ProjeCt
[Contra Costa CoUnty] landsCaPe irriGation 2020 CCCsd WWtP $3  0 0 0.2 0.2 0.2 0.2 0.2

san raMon valley reCyCled Water ProjeCt
Phases 5–6 [Contra Costa CoUnty] landsCaPe irriGation 2030 dsrsd WWtP $9  0 0 0 0 0.3 0.5 0.5

TOTAL ADDITIONAL PLANNED     0 0.7 5.4 7.2 8.4 8.9 8.9

TOTAL OF ALL PROJECTS 3,5     9.3 10.7 16 18.2 19.4 19.9 19.9
1 The 2010 recycled water use amount shown in this table includes the projected initial phases of San Ramon Valley and East Bayshore recycled water projects once completed. RARE Phase started up in 2010.
2 EBMUD will implement the most cost-effective of these recycled water projects in order to meet recycled water goals of 20 MGD by 2040
3 Recycled water use at the EBMUD Main WWTP is not factored into the EBMUD recycled water goal of 20 MGD, and is not included in the Total Existing Customer Recycled Water Use in the table. Historically, in-plant uses at the EBMUD Main WWTP had not used potable water for processes and irrigation. Consequently, current recycled water use does not offset potable water demand at the EBMUD MWWTP.
4 Capital cost amount only includes the cost of EBMUD’s project. Recycled water use amounts include both EBMUD and the City of San Leandro’s project.
5 Total values have been rounded.
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EBMUD RECYCLED AND NON-POTABLE WATER PROJECTS FIGURE 5-2

NOT TO SCALE

The initial phase of RARE will produce up to 3.5 MGD of 
recycled water, thereby offsetting an equivalent amount of 
potable water. In the future, as additional source water 
becomes available, EBMUD and Chevron may expand 
the project to provide 4.0 MGD or even 5.0 MGD of 
recycled water.

EBMUD is responsible for operating and maintaining the 
treatment plant and infl uent pump station. Chevron is 
responsible for transmission mains through the refi nery 
and for boiler feedwater operations. 

east Bayshore reCyCled
Water ProjeCt - Phase 1a 
The East Bayshore Recycled Water Project (EBRWP) is a 
multi-phased project that will provide up to 2.3 MGD of 
tertiary-treated recycled water from EBMUD’s MWWTP to 
customers in parts of Alameda, Albany, Berkeley, 
Emeryville, and Oakland. A new 4.4-mile long recycled 
water transmission pipeline along the Eastshore Freeway 
(I-80) and up to 24 miles of distribution pipelines, separate 
from the drinking water system, will distribute the recycled 
water to customers. 
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The recycled water will be used for landscape irrigation of 
parks, common planted areas within homeowner 
associations, greenbelts, roadway medians, and schools. 
Several industrial and commercial users will be served 
with recycled water for cooling towers and toilet fl ushing 
in offi ce buildings. Wetlands restoration is another 
potential use of recycled water from this project. 

Phase 1A is anticipated to provide approximately 0.5 MGD 
of recycled water to new and existing customers in 
portions of Albany, Berkeley, Emeryville, and Oakland. 
EBMUD began construction of Phase 1A distribution 
pipeline in the West Oakland area in 2003. Construction of 
the plant at the MWWTP was completed in 2008 and the 
fi rst delivery of recycled water occurred on April 22, 2008 
to customers in Oakland. The remainder of Phase 1A will be 
completed once funding is secured. EBMUD is in planning 
for Phase 1B, which will serve customers in Alameda. 

New recycled water tertiary treatment facilities at the 
MWWTP in Oakland were completed in 2008 and include 
a pump station and 1.5 million gallons of storage. The plant 
fi lters and disinfects treated wastewater before it is used as 
recycled water. Tertiary treatment of secondary effl uent 
includes microfi ltration followed by disinfection with 
sodium hypochlorite to produce recycled water that meets 
California Department of Health Services standards for 
“disinfected tertiary recycled water” as defi ned in Title 22.

EBRWP has received state funding from the State Water 
Resources Control Board (SWRCB), which approved a 
$4.4 million grant and $20.1 million in low interest loans 
to help fund design and construction costs of the fi rst 
phase of the project.

reCyCled Water trUCK ProGraM
In 2008, in response to the 2007-2010 period when EBMUD 
implemented a Drought Management Program, the District 

began a recycled water truck program (RWTP) to make 
recycled water available to truck customers for approved 
uses. Through this program, EBMUD operates two 
recycled water fi lling stations, one at the MWWTP and one 
at the NRWRP. These fi lling stations provide recycled water 
to permitted customers for uses which include dust 
control, soil compaction, power washing, decorative 
fountains and ponds, landscape irrigation, street washing 
and sewer fl ushing. Although EBMUD has since declared 
the drought over, the RWTP continues to operate. Currently 
the RWTP offers recycled water free of charge.

FUtUre reCyCled Water ProjeCts
Water recycling is a key element of EBMUD’s current and 
future water supply portfolio. EBMUD’s goal is to provide a 
total of 20 MGD of recycled water by 2040. Table 5-6 
summarizes the quantity of recycled water use by specifi c 
type of use for 2010-2040. Projected quantities are based 
on average usage by existing projects and potential 
average delivery of planned recycled water projects. 
EBMUD’s plan is to identify and implement the most cost-
effective recycled water projects in order to meet its 
recycled water goal.

Although the majority of the wastewater generated within 
EBMUD’s water service area is not recycled, recycled water 
use is anticipated to steadily increase over the next thirty 
years. Recycled water will be used primarily for industrial 
and landscape irrigation applications, as shown in Table 
5-6, and some commercial applications. EBMUD continues 
to seek opportunities to use recycled water for wetlands 
and wildlife enhancement. At this time EBMUD does not 
anticipate using recycled water to recharge the existing 
groundwater supply.

Eight major water recycling projects are currently planned 
to help EBMUD meet its goal of recycling 20 MGD by 2040. 
One project is currently in construction and seven are in 

taBle 5-6           reCyCled Water Use By sPeCiFiC tyPe
                                              reCyCled Water Use (MGd)                                       

tyPe oF Use treatMent  level 20101 2015 2020 2025 2030 2035 2040

aGriCUltUre - - - - -

landsCaPe irriGation seCondary and tertiary 1.8 2.7 5.2 6.4 6.7 7.2 7.2

WildliFe haBitat -

Wetlands

indUstrial tertiary 7.5 8 10.8 11.8 12.7 12.7 12.7

GroUndWater reCharGe -

CoMMerCial tertiary 0.01 0.01 0.01 0.01 0.01 0.01 0.01

TOTAL2,3  - 9.3 10.7 16 18.2 19.4 19.9 19.9
1 2010 estimate provided as of August 2010.
2  Recycled water use at the EBMUD Main WWTP is not factored into the EBMUD recycled water goal of 20 MGD by 2040. Historically, in-plant uses at the EBMUD Main WWTP had not used 
 potable water for processes and irrigation. Consequently, current recycled water use does not offset potable water demand at the EBMUD Main WWTP.
3 Total values have been rounded.
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planning phases. All projects will produce recycled water 
treated to the highest level (tertiary), which allows for 
unrestricted reuse. The project objectives include 
maximizing delivered volumes of recycled water to meet 
customer demands for non-residential irrigation, 
commercial, and industrial uses, thereby reducing potable 
demand while maintaining economic viability. 

Recycled water project currently under construction is:

■ San Ramon Valley Recycled Water Program (SRVRWP) 
- Phases 2-4.

The seven projects currently in planning phases are: 

■  RARE Water Project - Future Phases,

■  Satellite Recycled Water Treatment Plant Project 
(Alameda and Contra Costa counties),

■  East Bayshore Recycled Water Project (EBRWP) - Future 
Phases,

■  San Leandro Water Reclamation Facility Expansion 
Project,

■  San Ramon Valley Recycled Water Project - Phases 5 
and 6,

■  ConocoPhillips Recycled Water Project, and

■  Reliez Valley Recycled Water Project.

The initial operational phases of the SRVRWP and EBRWP 
were completed in 2006 and 2008 respectively with 
additional phases anticipated in the future. The RARE 
Water Project became operational in 2010. The 
remaining projects are anticipated to be implemented 
by 2040. The locations of the eight planned projects are 
illustrated in Figure 5-2.

The Water Recycling Program identifies, funds, and 
implements projects in the most cost-effective manner. The 
scope and implementation schedules of the project 
elements are subject to ongoing modification and 
prioritization in order to provide the most cost-effective 
recycled water supply needed to meet the 20 MGD goal. 

ProjeCt Under ConstrUCtion
EBMUD completed construction of the initial phase of the 
SRVRWP, which began deliveries in early 2006. Table 5-5 
(see page 5-7) summarizes this project’s features and the 
quantity of recycled water it supplied in 2010, and the 
quantity it is expected to supply through 2040. 

San Ramon Valley Recycled 
Water Program – Phases 2-4
The SRVRWP is a multi-phase, joint regional project 
between EBMUD and the Dublin San Ramon Services 
District (DSRSD). The two agencies formed a Joint Powers 
Authority in 1995 called the DSRSD-EBMUD Recycled 
Water Authority (DERWA) to implement the program 
which serves recycled water to their customers within 
portions of the Blackhawk, Danville, Dublin, and San 
Ramon areas. DERWA’s mission is to provide a safe, 
reliable, and consistent supply of recycled water, and to 
maximize the amount of recycled water delivered. The 
project will provide 5.7 MGD of recycled water from a 
tertiary-treatment facility located at the DSRSD Wastewater 
Treatment Plant that consists of either sand filtration or 
microfiltration followed by ultraviolet light and chemical 
disinfection. DSRSD customers will receive up to 3.3 MGD, 
and EBMUD customers will receive up to 2.4 MGD. 
EBMUD’s initial Phase 1 now delivers approximately 0.7 
MGD to existing landscape irrigation customers located in 
San Ramon. Future EBMUD customers include large 
irrigation users in parts of Blackhawk, Danville, Dublin, 
and San Ramon such as golf courses, parks, common 
planted areas within homeowner associations, roadway 
medians and greenbelts, schools, and office complexes.

DERWA and its member agencies developed agreements 
regarding specific responsibilities for recycled water 
supply and sales and for facilities operation. DERWA’s role 
is to design, build, and operate the recycled water 
treatment facilities, as well as the main backbone 
transmission system which includes pipelines, pump 
stations and storage reservoirs. Since the project is located 
in both EBMUD’s and DSRSD’s water service areas, each of 
DERWA’s member agencies is responsible for designing 
and constructing their own recycled water distribution 
infrastructure within each respective service area and 
marketing recycled water to its respective customers.

In order to receive federal funding, DERWA partnered with 
the U.S. Army Corps of Engineers in 2002 to design the 
remaining backbone facilities. The federal Water Resource 
Development Act of 1999 authorized $15 million for the 
SRVRWP. To date, Congress has appropriated funds 
totaling $14.5 million for design and construction 
assistance through the U.S. Army Corps of Engineers. 
SRVRWP has received both federal and state funding. The 
SWRCB approved a $5 million grant and a $24.8 million 
low-interest loan for the first phase of the DERWA 
backbone facilities.
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DERWA’s Phase 2 construction is anticipated for 
completion in FY11. EBMUD’s Phases 2, 3, and 4 design for 
the SRVRWP was completed in FY10. Construction of the 
pipelines for portions of Phases 2 and 3 and Phase 4 are 
anticipated to be completed in FY11/FY12. Completion of 
the remaining portions of pipeline in Phases 2 and 3 and 
the pump stations in Phases 3 and 4 will depend on 
additional outside funding assistance.

additional Planned ProjeCts
EBMUD has seven additional planned recycled water 
projects that increase the potential for more recycled water 
deliveries. The projects include the following:

■  RARE Water Project Future Phases,

■  Satellite Recycled Water Treatment Plant Project,

■  East Bayshore Recycled Water Project (EBRWP) - Future 
Phases,

■  San Leandro Reclamation Facility Expansion Project,

■  San Ramon Valley Recycled Water Project - Phases 5 
and 6,

■  Conoco Philips Recycled Water Project, and

■  Reliez Valley Recycled Water Project.

These planned projects are scheduled for implementation 
by 2040 to meet EBMUD’s water recycling goal. They are 
expected to provide 8.9 MGD of savings by 2040, in addition 
to savings provided by existing projects (9.3 MGD) and 
projects under construction (1.7 MGD), for a total of 20 MGD 
by 2040.  Most projects will provide recycled water use for 
landscape irrigation and industrial purposes. Table 5-5 (see 
pages 5-7) summarizes these projects’ features and the 
quantity of recycled water use for each identified recycled 
water project from 2010 to 2040. 

Richmond Advanced Recycled 
Expansion Water Project - Future Phases
The initial RARE Water Project was completed in 2010, 
and provides 3.5 MGD recycled water for boiler feedwater 
applications at the Chevron Refinery in Richmond. This 
second phase of the RARE project would increase the 
capacity to 4.0 MGD by installing additional 
Microfiltration membranes modules. Like the initial RARE 
project, this expansion may utilize wastewater from the 
WCWD water pollution control plant. However, if WCWD 
supply were unavailable, the RARE expansion project 
may take water from the Chevron Refinery’s wastewater 
effluent stream. Depending on supply, this project may be 
operational by 2015. 

A third phase, potentially operational by 2025, depending 
on source water supply, would build out the RARE 
treatment plant to increase the project’s ultimate capacity 
to 5.0 MGD. 

Satellite Recycled 
Water Treatment Plant Project
Satellite recycled water treatment plants, which take raw 
sewage from a sewer pipeline and treat it to meet the Title 
22 tertiary recycled water quality requirements at the 
location of use, can cost-effectively serve large water users 
that are located a remote distance from a centralized 
treatment facility. Satellite treatment plants avoid the need 
for costly infrastructure required to move recycled water 
from a centralized treatment facility to distant customers.

In 2009, EBMUD evaluated five satellite recycled water 
treatment plant projects, each yielding from 50-200 AFY. 
Each project would treat raw sewage on-site for local use, 
which in these cases would be for irrigating cemeteries, 
landscaping and golf courses. The five projects that were 
evaluated are:

■  Rolling Hills Cemetery - 45 acres, 50-200 AFY

■  Diablo Country Club - 200 AFY

■  Mountain View and St. Mary’s Cemeteries, Oakland - 40 
acres, 100-200 AFY

■  Rossmoor Golf Course, Rossmoor Valley - 100-150 AFY

■  Moraga Country Club, Moraga - 100 - 200 AFY

After the project-level environmental documentation 
process is completed, design and construction of the first 
of these facilities is anticipated to be completed by 2015, 
pending funding assistance. 

East Bayshore 
Recycled Water Project - Future Phases
The EBRWP Phase 1B will expand recycled water 
deliveries by 1.2 MGD to customers in Alameda. Final 
design and construction of Phase 1B is pending outside 
funding assistance. A future Phase 2 expansion will 
connect additional customer and new developments in the 
Oakland area (0.6 MGD). 

San Leandro Water Reclamation Facility 
Expansion Project
The current San Leandro Reclamation Facility provides 
approximately 0.4 MGD of secondary-treated and 
disinfected recycled water produced by the City of San 
Leandro’s WPCP for irrigation at the Metropolitan Golf 
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Links in Oakland, the Chuck Corica Golf Complex and 
Harbor Bay Parkway in Alameda. When expansion of the 
San Leandro Reclamation Facility is complete, the 
expanded delivery of recycled water by an additional 0.5 
MGD is anticipated to begin by 2020. 

In addition to EBMUD’s project, the City of San Leandro 
may also expand recycled water delivery to irrigate its 
public areas within EBMUD’s water service area. If 
successfully implemented, the City’s expansion project 
will offset approximately 0.1 MGD of EBMUD’s potable 
water, which will help EBMUD reach its goal of recycling 
20 MGD by 2040.

ConocoPhillips Recycled Water Project  
The ConocoPhillips Recycled Water Project (previously 
known as the Rodeo Recycled Water Project) could 
potentially supply up to about 3.7 MGD of recycled water to 
the ConocoPhillips Refinery in Rodeo. The recycled water 
for this project would come from the combined wastewater 
discharge of Pinole-Hercules and Rodeo wastewater 
treatment plants. EBMUD and ConocoPhillips have entered 
into a Memorandum of Understanding (MOU) to evaluate 
the feasibility of developing this project. High purity 
recycled water would replace potable water currently used 
in plant processes.

The first phase project, which could provide up to 2.8 MGD, 
is in planning phases, and could be operational by 2020. 
The second phase could provide an additional 0.9 MGD.

San Ramon Valley Recycled 
Water Project - Phases 5 and 6 
The SRVRWP is a joint regional program between EBMUD 
and Dublin San Ramon Services District (DSRSD). Phase 1 
of this project was completed in 2006 and Phases 2 - 4 are 
scheduled to be implemented in 2010 to 2025. Phases 1 - 4 
are planned to provide up to 2.4 MGD of recycled water for 
landscape irrigation for EBMUD customers by 2040. The 
source water comes from the DSRSD WWTP. The project 
serves tertiary treated recycled water to both EBMUD and 
DSRSD customers. 

Phases 5 and 6, using the same water source and the same 
treatment facilities, are now in conceptual phases of 
development and will serve additional landscape irrigation 
uses in the San Ramon Valley area. Phase 5 would provide 
an average of 0.3 MGD by 2030 and Phase 6 would provide 
an average of 0.2 MGD of recycled water by 2035. 

Reliez Valley Recycled Water Project
For this potential project, EBMUD would partner with 
Central Contra Costa Sanitary District (Central San) to 
obtain recycled water from their existing system and 
distribute it to two cemeteries, a golf course and to the city 
of Pleasant Hill for landscape irrigation. This project could 
supply 0.2 MGD of recycled water, reducing the demand 
for potable water. It is now in the conceptual planning 
phase, and could be operational as early as 2020. 

reCyCled Water ProjeCts 
iMPleMentation ChallenGes
EBMUD’s goal is to identify and implement the most cost-
effective recycled water projects so as to provide a total of 
20 MGD of recycled water by 2040. As EBMUD continues to 
explore opportunities for implementing recycled water 
projects, it is faced with a number of technical challenges, 
which could impact the economic feasibility of the 
projects. One of the major challenges is the added cost 
associated with installing recycled water distribution 
systems that are separate from EBMUD’s potable water 
distribution systems. In order to help improve the 
economics of recycled water projects, EBMUD seeks 
opportunities to coordinate construction of distribution 
pipelines with other construction projects, such as street 
maintenance projects. EBMUD also considers re-use of 
pipelines, reservoirs and other facilities which are no 
longer needed by other utilities for distributing recycled 
water to customers. The need for separate plumbing at 
each customer location is another technical and economic 
challenge for recycled water projects. It is more 
economical to install a separate plumbing system for a 
new project during the initial construction of the facility 
than it is to retrofit the project. To minimize the costs of 
retrofits associated with separate plumbing systems, 
EBMUD reviews applications for new potable water 
services to assess the suitability of the projects to use 
recycled water.

Another technical challenge for recycled water projects is 
determining the level of treatment needed for the recycled 
water. CDPH standards require certain levels of treatment 
for protection of public health based on the application of 
the recycled water. In addition, specific customer needs 
may dictate a higher level of treatment than prescribed by 
CDPH. When a distribution system serves a number of 
customers with varying uses, an appropriate level of 
treatment must be selected to meet the needs of all 
customers within the system. To reduce the cost of 
building new treatment facilities and the annual increased 
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chemical costs attributed to a higher level treatment, 
EBMUD considers the implementation of satellite treatment 
plants at specifi c customer locations. EBMUD constantly 
seeks to fi nd creative solutions to the technical challenges 
inherent in recycled water projects in order to improve the 
economic viability of its projects. 

non-PotaBle/raW Water ProjeCts
EBMUD has a number of existing projects that utilize raw 
or non-potable water, as illustrated in Figure 5-2. These 
projects do not use treated wastewater (i.e. recycled 
water). Instead, they use raw, untreated water for irrigation 
and other purposes. Existing raw/ non-potable water 
projects, listed in Table 5-7, reduce demands on EBMUD’s 
potable water supply by almost 2 MGD. 

Water Filter Plant
WashWater reClaMation
Facilities for recycling fi lter backwash water from most of 
EBMUD’s water fi lter plants were constructed in the late 
1970s to comply with federal discharge requirements. The 
National Pollutant Discharge Elimination System (NPDES) 
permit required the majority of suspended solids to be 
removed from the washwater prior to discharge into a 
receiving stream. Rather than discharge this wastewater, 
EBMUD treatment plants instead recycle it, resulting in a 
net gain in potable water supply. The treatment plants 
operate sedimentation facilities to collect solids from the 
washwater and recover the clarifi ed overfl ow which is 
then recycled through the potable water treatment 
process. The operation of fi lter plant recycled water 
facilities saves EBMUD approximately 1.7 MGD.

The ability to treat and recycle about 5 MGD of 
washwater at the Orinda Filter Plant became available in 
1988; however, because direct discharge of washwater 
to the San Pablo Creek replenishes the San Pablo 
Reservoir and becomes available for use at the Sobrante 
and San Pablo Filter Plants, no additional water savings 
would be realized. 

taBle 5-7 existinG eBMUd non-PotaBle/raW Water ProjeCts
  non-PotaBle/  averaGe daily year
User Water sUPPly soUrCe raW Water Use 2010 deMand (MGd) initiated

 WashWater reClaMation
 in eBMUd Water
Water treatMent Plants treatMent Plants reCyCle Filter BaCKWash 1.7 (estiMated) 1970s

laKe ChaBot GolF CoUrse ChaBot reservoir GolF CoUrse irriGation 0.10 1991

WilloW ParK GolF CoUrse ChaBot reservoir GolF CoUrse irriGation 0.03 1991

sUnset vieW landsCaPe irriGation san PaBlo Filter Plant CeMetery irriGation 0.05 1998

laKe ChaBot GolF CoUrse
This project, completed in 1991, provided an average of 
0.09 MGD of water in 2009 to irrigate the City of Oakland’s 
Lake Chabot Golf Course. Facilities include a pump station, 
9,500 feet of supply pipeline and a surge tank/storage 
reservoir. Since the water is drawn directly from Chabot 
Reservoir, which is a standby terminal reservoir of EBMUD 
not connected to the distribution system, demand for 
potable water supply is reduced. In addition, by reducing 
the demand for potable water, this project eliminates the 
need to construct the proposed Peralta No. 2 potable water 
reservoir.

WilloW ParK GolF CoUrse
This project, completed in 1991, withdrew an average of 
0.07 MGD of water from Lake Chabot in 2009 to irrigate the 
Willow Park Golf Course in Castro Valley. Facilities include 
a submersible pump station and 8,500 feet of distribution 
pipeline. Like the Lake Chabot Golf Course project, raw 
water is also taken from the Chabot Reservoir, reducing 
demand for potable water supply.

sUnset vieW
CeMetery landsCaPe irriGation
This project, completed in 1998, uses raw water from 
EBMUD’s San Pablo Reservoir to irrigate the Sunset View 
Cemetery, which is adjacent to the EBMUD San Pablo Filter 
Plant, in Kensington. In 2009, the project used an average 
of 0.07 MGD of non-potable water. 

laKe ChaBot
raW Water exPansion ProjeCt
This project would be an expansion of the Lake Chabot 
Golf Course and Willow Park Golf Course projects, 
described above. It would expand the use of raw water 
from the Chabot Reservoir and provide this water for 
irrigation and other non-potable uses at a nearby country 
club, the Oakland Zoo and other nearby customers. It 
would provide up to 1.4 MGD during peak irrigation 
months, or an average of up to 0.4 MGD. 
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enCoUraGinG reCyCled Water Use
In general, EBMUD prices recycled water to provide an 
economic incentive to customers. EBMUD also uses state 
and federal funding, when available, to make recycled 
water projects more cost effective.

inCentive ProGraM
A major incentive for customers to use recycled water is 
the reliability and availability of the supply during a 
drought. During a drought, the recycled water supply 
should not be significantly impacted.

In addition, EBMUD has provided a number of incentives 
to encourage customers within EBMUD’s service area to 
use recycled water. These have been primarily in the form 
of subsidized costs, reduced rates for recycled water and 
penalties for refusing recycled water when available. 

sUBsidized Costs
To promote the use of recycled water, EBMUD funds cost-
effective site retrofits that accommodate the use of 
recycled water for existing customers. EBMUD also funds 
the training of customers’ staff in the proper use of 
recycled water and provides free technical support to 
customers who receive recycled water.

rate disCoUnts  
The connection fees charged to new recycled water 
customers are lower than those charged to new potable 
water customers. This is reflective of the fact that, unlike 
EBMUD’s existing potable water distribution systems, the 
new recycled water distribution systems do not require 
upgrades and seismic retrofits. The current policy offers 
new recycled water customers a 20 percent volumetric rate 
discount for the recycled water as compared to the adopted 
potable water rate. For existing customers who have funded 
retrofits in the past and have individual contracts with 
EBMUD, EBMUD provides recycled water at a rate lower 
than the potable water rate. This lower rate is established 
through the individual contracts with these customers. 

Grants and loW interest loans
Historically, EBMUD has provided low interest rate loans to 
customers who funded facility retrofits required to 
accommodate the use of recycled water and also has funded 
retrofit costs that were determined to be cost-effective. To 
help reduce the overall cost of recycled water projects, 
EBMUD actively pursues grant funding and low interest 
loans that are available for these types of projects. The grants 
have been applied toward the planning, design and 
construction phases of the projects, whereas the low interest 

rate loans have been used to help reduce the overall cost of 
constructing the projects. Some of the sources of these 
monies have included the State Water Bond Bill (Proposition 
13 passed in March 2000), the Federal Water Resources 
Development Act (WRDA), the SWRCB Revolving Fund 
program, and the Water Reuse Financing Authority for low 
interest loans, and the Department of Water Resources 
Integrated Regional Water Management Plan (IRWMP) 
implementation grants. In 1999, WRDA authorized up to $15 
million in grant funds for the San Ramon Valley Recycled 
Water Project. In 2007, WRDA authorized up to $25 million 
for EBMUD’s recycled water program. 

Grant funds from the SWRCB have been used in the 
planning, design, and construction phases of the EBRWP 
and the SRVRWP. In addition, the construction of EBMUD’s 
NRWRP was made possible through a low interest rate loan 
provided through the SWRCB’s low interest rate loan 
program. Additionally, EBMUD’s RARE facility received a 
$2.1 million grant from the California Department of Water 
Resources, through the Integrated Regional Water 
Management Program, for the purchase of the microfiltration 
system. EBMUD will continue to seek outside funding 
sources for recycled water projects in order to help reduce 
the overall cost of recycled water to EBMUD customers.

lonG-terM ContraCts
The majority of the recycled water distributed by EBMUD 
is recycled water from treatment plants which are owned 
and operated by other utilities. It is therefore very 
important for EBMUD to enter into long-term agreements 
with the utility districts that provide the treated effluent for 
use by EBMUD to ensure both the stability of the price of 
the recycled water and the reliability of the source of the 
recycled water. EBMUD’s Policy 9.05 requires, wherever 
possible, that agreements with other agencies have a term 
of twenty years or more. Policy 9.05 also states that the 
agreements should include provisions governing facilities 
operation and maintenance responsibilities. EBMUD has 
entered into long-term agreements for those existing 
projects that are dependent upon another agency as a 
source of the recycled water, and intends to maintain this 
policy for all future projects.

reGional PlanninG
As a member of the Bay Area Water Agencies Coalition 
(BAWAC) and Bay Area Clean Water Agencies (BACWA) 
EBMUD participated in a regional effort to develop a Bay 
Area IRWMP. This IRWMP includes EBMUD’s water 
recycling program and provides a venue for maximizing 
water recycling in the Bay Area using a regional planning 
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perspective. EBMUD has also been a partner and active 
participant in the San Francisco Bay Area Regional Water 
Recycling Program (BARWRP). BARWRP was a 
cooperative effort among numerous Bay Area water and 
wastewater agencies and state and federal organizations. 
Its efforts were directed at developing a long-range 
Regional Water Recycling Master Plan for five Bay Area 
counties, namely Alameda, Contra Costa, San Francisco, 
San Mateo and Santa Clara. A number of the near-term 
recycled water projects identified in the Master Plan are in 
EBMUD’s service area. These projects involve EBMUD 
partnering with other agencies, as well as one project 
where EBMUD will utilize its own recycled water supplies. 
Through its involvement with BARWRP, EBMUD was able 
to support the use of recycled water regionally.

In addition to participating in long-range planning efforts 
through BAWAC, BACWA, and BARWRP, EBMUD works 
with planning groups within other local planning 
agencies and utilities that are located in EBMUD’s water 
service area to identify opportunities to implement 
recycled water projects.

PUBliC edUCation/inForMation
In order to encourage the increased use of recycled water, 
EBMUD is committed to educating and informing the 
public that recycled water is safe for the public and for the 
environment. Through presentations to community groups 
and at conferences, coordinating workshops, meetings 
with potential customers, and local planning agencies, 
and distribution of educational materials, EBMUD is 
increasing public awareness of the benefits of using 
recycled water. EBMUD also provides information on 
recycled water in general and on the EBMUD’s recycled 
water program specifically both in print and electronically 
through EBMUD’s website at http://www.ebmud.com.

EBMUD developed an award-winning Recycled Water 
Irrigation Customer Training Program in order to provide 
training to irrigation customers in the safe and effective 
use of recycled water. This program consists of a manual 
and two videos covering health and safety and landscape 
best management practices in using recycled water. 
EBMUD continues to provide appropriate training and 
support to its recycled water customers.

ProhiBit sPeCiFiC Fresh Water Uses
Consistent with the California Water Code, Section 13550, 
EBMUD’s policy is to discourage “waste or unreasonable 
use of [potable] water if recycled water is available which 
meets specified conditions.”

reqUire reCyCled Water Use
EBMUD’s Policy 9.05 (consistent with California Water 
Code, Section 13550) requires the use of recycled water 
for non-domestic purposes when it is of adequate quality 
and quantity, available at reasonable cost, not 
detrimental to public health and not injurious to plant 
life, fish or wildlife. To date, however, EBMUD has been 
effective in providing incentives to use recycled water, 
rather than mandating its use. 

EBMUD proactively utilized the Water Recycling in 
Landscaping Act to promote the use of recycled water by 
new development or redevelopment approved by local 
cities or counties. EBMUD was able to encourage a 
number of cities to adopt dual-plumbing ordinances that 
would require new development or redevelopment to 
separately plumb for appropriate recycled water uses if it is 
determined that EBMUD would be able to provide recycled 
water for these uses.

reCyCled Water oPtiMization Plan
EBMUD’s goal is to maximize the cost-effectiveness of 
recycled water projects while maximizing the volume of 
water delivered. This requires detailed assessments of 
future recycled water customer needs. It also requires 
careful planning in order to develop cost-effective 
distribution systems that will maximize the quantity of 
recycled water delivered to customers. By encouraging 
local planning agencies to require separate recycled water 
plumbing during the permitting process, a customer base 
will be generated and be ready to use recycled water as 
soon as the water is available in the area. By ensuring the 
installation of separate plumbing while the project is 
initially being designed and constructed, the cost and 
disruption associated with facility retrofitting can be 
minimized. Long-term contracts with other agencies will 
also be an important component of future recycled water 
projects. Additionally, continued public education and 
outreach programs will be essential to the success of 
EBMUD’s recycled water program.

Over 160 MGD of wastewater is currently generated within 
EBMUD’s service area, and that quantity is expected to 
increase to nearly 190 MGD by the year 2040. By tapping 
into this resource and working jointly with other agencies 
to make recycled water available to customers in EBMUD’s 
water service area, EBMUD has the ability to greatly 
increase its water supply resources.
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ChaPter 6. Water Conservation
Water conservation is a major component of EBMUD’s water supply portfolio designed to increase water 
supply reliability. EBMUD’s long-standing water conservation program continually makes an aggressive push 
to educate its customers on water-efficiency and to increase their conservation efforts. EBMUD monitors 
water demand, new technology, and changes in consumer preferences, and works closely with other local, 
regional, state and national entities to enhance its water conservation services. California’s 2009 legislation 
(SBx7-7) calling for a statewide 20 percent reduction in per capita water consumption by 2020 sets new 
water conservation standards that EBMUD is prepared to meet.

introdUCtion
Since the 1970s demand management has been an 
important part of EBMUD’s water practices and policies, 
designed to promote reasonable and efficient use of 
supplies. EBMUD’s water conservation efforts and water 
conservation actions are chronicled in Table 6-1. This 
chapter specifically discusses EBMUD’s water conservation 
efforts following the implementation of its first Water 
Conservation Master Plan (WCMP) adopted in 1994.

EBMUD’s water conservation program addresses both 
supply-side (water supplier) and demand-side (customer) 
measures. Demand-side water conservation measures 
improve customer water use efficiency and include 
incentives for residential and non-residential customers, 
education and outreach activities, market support 
activities and regulatory programs. Supply-side water 
conservation measures, which improve water use 
efficiency before and after use by the customer, include 
distribution system leak detection and repair programs 
and water recycling programs (discussed in greater detail 
in Chapter 5).

In 2011, EBMUD is developing its WCMP to include existing 
and planned efforts in support of meeting long-term water 
conservation planning goals to the year 2040. The WCMP is 
designed to achieve cost-effective and sustained water 
savings going forward, while maintaining high-quality 
savings achieved from past EBMUD conservation efforts 
implemented since the 1970s. The established and future 
water conservation approach includes identified 
conservation measures, implementation strategies, and 
budgetary resources required to meet the need-for-water 
and drought management program goals to minimize 
customer rationing during a water shortage. Conservation 
measures include, for example, greater customer outreach, 
expanded water use surveys, increased technical and 

financial incentives, device distribution, and new water 
efficiency regulations. The WCMP presents a phased 
implementation of conservation measures based on 
threshold water production and customer demand levels 
designed to achieve a cumulative 62 million gallons per 
day (MGD)1 of water savings by 2040.

A list of about 100 conservation measures considered 
potentially appropriate for the EBMUD service area was 
developed from known technology and services that 
would save water. Fifty-three selected conservation 
measures were further analyzed and combined into 
multiple component programs of increasingly higher water 
savings and implementation costs. The conservation 
savings are based on 10 percent to 90 percent market 
saturation for existing accounts and new development 
ordinances (account participation). A summary of the 
long-term water conservation program measures is listed 
in Table 6-2.

During the recent multi-year (2007-10) rationing period, 
EBMUD imposed voluntary and mandatory rationing 
within its drought management program. During the 
mandatory rationing program, EBMUD set a 15 percent 
average water savings goal. EBMUD emphasized educating 
customers on water conservation activities that return 
quick savings, while reinforcing the long-term hardware, 
infrastructure and behavioral changes that residential and 
business customers can make to realize savings for years 
to come. The drought management program dramatically 
increased water conservation staffing, outreach activities, 
services, and incentives; and customers responded with 
water savings of 36 MGD2 in fiscal year (FY)10. A Water 
Saving Team of technicians, who supplemented existing 
conservation efforts with a supportive field presence, 
investigated water waste and distributed informational 
materials. EBMUD also launched a comprehensive $1.8 

1  The WCMP adopted in 1994 provided measures that resulted in 23 MGD savings as of 2008. 
2  The reduced demand is compared relatively to the average demand of FY05-07 and includes the effect of drought, local economic conditions, and mandatory conservation.
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table 6-1 Water Conservation PrograM historiCal highlights

Pre-1970
 all ebMUd CUstoMers have alWays been Metered.

 1961 distribUtion systeM leak deteCtion and PiPe rePlaCeMent PrograM begins.

1970s

 1974 sChool edUCation PrograM begins. over 1.5 Million stUdents have reCeived Material and training sinCe 1974.

 1976 CoMMUnity sPeakers bUreaU is forMed.

 1977 droUght resPonse PrograM. ebMUd CUstoMers aChieve 39 PerCent annUal redUCtion in Use.

 1978 filter Plant baCkWash reCyCling begins.

1980s

 1982 first foUr in a series of Water-Conserving deMonstration gardens is dediCated.

 1983 ebMUd sPonsors the California Urban Water ManageMent Planning aCt (asseMbly bill 797).

 1984 first of five golf CoUrses begins Using reCyCled Water.

  Water Conservation adMinistrator is hired to iMPleMent broad-based Conservation PrograM.

 1985 UWMP is adoPted and iMPleMentation is initiated.

 1986 ebMUd sPonsors first northern California XerisCaPe ConferenCe.

  ebMUd Water Conserving Plants and Landscapes for the Bay Area book is released.

 1987 residential and large landsCaPe site Water Use sUrveys are offered.

  landsCaPe Plan revieWs are offered.

 1988 PUbliC landsCaPe advisory CoMMittee is forMed.

  first Weather station is installed With telePhone hotline for landsCaPe Water reqUireMent inforMation.

  Water serviCe regUlation seCtion 29 is adoPted Prohibiting WastefUl Water Use PraCtiCes.

  landsCaPe video is develoPed With sUnset Magazine and 28 other agenCies.

  CoMMUnity Water Conservation Portable disPlay PrograM is initiated (40 sites).

 1989 qUarterly landsCaPe advisory neWsletter is initiated.

  Meter disCoUnt PrograM initiated for PUbliC agenCies installing Water-Conserving landsCaPes.

1990s

 1990 irrigation rebate PrograM is offered to irrigation CUstoMers.

  Conservation “WelCoMe” PaCket PrograM for neW hoMeoWners offered at Model hoMe sites.

 1991 stUdy is CondUCted on PerforManCe/savings of 1.6 gallon Per flUsh toilets and Water-saving shoWerheads.

  foUr landsCaPe reCyCled Water ProjeCts initiated, saving 0.65 Mgd.

 1992 indUstrial, CoMMerCial, and institUtional Water Use sUrveys are offered.

  ProjeCt firesCaPe initiated With tWo deMonstration gardens and broChUre ProMoting fire safety/ Water Conservation.

  Urban Water shortage ContingenCy Plan adoPted.

 1993 board adoPts Water sUPPly ManageMent PrograM 2020.

  board direCts staff to develoP Water Conservation and Water reClaMation Master Plans.

  ebMUd signs stateWide CUWCC MoU regarding iMPleMentation of best ManageMent PraCtiCes.

 1994 board adoPts Water Conservation Master Plan and reClaMation iMPleMentation Plan.

  toilet rebate PrograM is offered.

  Water Conservation baseline stUdy CondUCted to establish Monitoring and evalUation PrograM.

 1995 ebMUd indUstrial Water reCyCling ProjeCt CoMPleted, CaPaCity of 5.4 Mgd.

  rate stUdy is CoMPleted and board adoPts neW residential tiered Water-Conserving rate strUCtUre.

  CoMMerCial, indUstrial, and institUtional rebate PrograM is offered.

  non-residential Plan revieW PrograM is initiated.

 1996 Clothes Washer rebate PrograM offered to single-faMily CUstoMers.

 1998 landsCaPe rebate PrograM offered to single-faMily CUstoMers (for irrigation and grayWater systeMs, Plant Material).

  grayWater stUdy is CoMPleted.

  Market Penetration stUdy of toilets, shoWerhead and faUCet aerators is CondUCted.

 1999 Clothes Washer rebates offered to all CUstoMer groUPs.
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table 6-1 Water Conservation PrograM historiCal highlights ContinUed

2000s

 2000 ebMUd naMed to California Urban Water Conservation CoUnCil (CUWCC) steering CoMMittee.

  ebMUd naMed to Calfed Water Use effiCienCy sUbCoMMittee.

 2001 ebMUd sPonsors sUCCessfUl Passage of senate bill 221, linking Water sUPPly and land Use Planning.

 2002 ebMUd re-eleCted to CUWCC steering CoMMittee.

 2003 laUnChed Waterstart™ Conservation CertifiCation and ProdUCt labeling PrograM.

  ebMUd residential end-Use stUdy CoMPleted.

  initiated strategiC Marketing Plan for Water Conservation and reCyCling.

  deMand ManageMent advisory CoMMittee rePort CoMPleted.

 2004 neW edition of ebMUd Plant book Plants and Landscapes for Summer Dry Climates is PUblished.

  ebMUd national MUlti-faMily residential sUb-Meter stUdy CoMPleted.

 2005 aWarded $1 Million in grants for varioUs Water Conservation stUdies/ ProjeCts.

 2006 laUnChed Weather-based irrigation Controller rebate PrograM.

  ebMUd re-eleCted to CUWCC steering CoMMittee.

 2007 aWarded $1.9 Million in grants for varioUs Water Conservation stUdies/ ProjeCts.

  established Water serviCe regUlations/ effiCienCy reqUireMents for all neW Water serviCe aCCoUnts.

 2008 ebMUd PUblishes Water sMart gUidebook for bUsinesses.

  Water savings teaM Patrols CondUCt droUght resPonse.

  ebMUd re-eleCted to CUWCC steering CoMMittee.

  PiPeline and aqUedUCt leak deteCtion stUdies laUnChed.

 2009 ebMUd adoPts individUal Metering reqUireMents for neW MUlti-faMily residential and CoMMerCial Uses.

  ebMUd Water sMart bUsiness CertifiCation PrograM laUnChed.

 2010 ebMUd re-eleCted to CUWCC and aWe boards of direCtors.

  develoPMent of the Water Conservation Master Plan initiated.

million marketing campaign using television, radio, and 
print media to inform customers of the severe water 
shortage, rationing goals, and ways to conserve.

As a result of its customers’ efforts and ample spring 
rainfall in 2009, EBMUD ended mandatory rationing in 
June 2009 and maintained 10 percent voluntary 
rationing to further protect future supplies and to 
support Governor Arnold Schwarzenegger’s request for 
water savings from all Californians. The voluntary 
restrictions were lifted in May 2010 due to the positive 
water supply outlook and customers’ continuing 
conservation efforts. See Chapter 3 for further details on 
EBMUD’s Drought Management Program.

Water Conservation Master Plan
The WCMP details water conservation programs and 
methodologies and goals that are established in water 
supply planning and mandated by regulation or statute. 
The primary purpose of the WCMP is to define the 
implementation strategies, objectives, and tactics required 
to achieve long-term water conservation savings. The 2011 
WCMP will highlight a ten-year implementation plan 
designed to achieve savings that meet EBMUD’s adopted 

per capita demand reduction targets identified in the 
UWMP 2010 required under SBx7-7 legislation (2009) and 
under the California Urban Water Conservation Council 
(CUWCC) Memorandum of Understanding (MOU) for 
Statewide Urban Water Conservation in the year 2020 and 
beyond.

Existing and expanded EBMUD water conservation 
programs include water use surveys, water-saving device 
distribution, financial incentives, targeted education and 
outreach, market support, new technology research, and 
regulatory activities. To be eligible for water service, new 
EBMUD customers must meet rigorous indoor and outdoor 
water-efficiency standards for plumbing fixtures, 
appliances, landscaping, and for commercial processes 
that use water. Additional savings are expected to result 
from “natural replacement.” Natural replacement occurs 
through EBMUD-supported market advancement in 
technology, standards and codes, and water use practices, 
such as the installation of increasingly efficient hardware 
(toilets, showerheads, and faucets) and landscape 
conversions.  
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estiMated Water 
savings and PrograM bUdget
Water savings from conservation programs, especially 
those that rely on customer behavioral changes, diminish 
or “depreciate” at varying levels over time. Despite 
EBMUD’s efforts to encourage water-saving behavior, 
customer behaviors are expected to change over time, and 
savings from hardware replacements can degrade with 
product wear. EBMUD reports on total conservation 
savings efforts that incorporate depreciation to reflect a 
more conservative estimate of achieved annual savings 
toward meeting the long-term conservation goal of 62 
MGD through 2040. Water savings estimates are 
summarized by program participation according to 
individual customer accounts, rather than by customer 

class levels, to improve estimate accuracy. Methods of 
water savings estimates are based on previous EBMUD 
research, pilot studies, and water consumption monitoring. 
Savings calculations include measuring site-specific 
savings from implemented conservation measures, using 
standard industry values from scientifically established 
savings rates for each fixture or appliance, and applying a 
percentage reduction in actual (average) pre-intervention 
consumption.

Since adoption of the WCMP in 1994, EBMUD has achieved 
an estimated additional conservation savings of 26 MGD 
through 2010 year-end (see Figure 6-1). Since the 1970s 
EBMUD has invested more than $65 million for 
implementation of customer-targeted water conservation 
programs. EBMUD’s WCMP five-year budgetary plan 

table 6-2 Water Conservation PrograM MeasUres

residential MeasUres

artifiCial tUrf sf residential

Cisterns

Condo sUrveys

Condo Water sUrveys With aUtoMated Meter systeMs (aMs)

garbage disPosal sf

grayWater neW sf

grayWater retrofit sf

high-effiCienCy toilet (het) rebates (eXPanded)

high-effiCienCy toilet (het) rebates

MUlti-faMily sUbMeter inCentive

MUlti-faMily toilet ordinanCe

MUlti-faMily sUrveys 

MUlti-faMily sUrveys With aMs

MUlti-faMily Washer rebate

MUlti-faMily Washer rebate (eXPanded)

PUbliC inforMation PrograM

reqUire effiCient dishWashers

reqUire high-effiCienCy Clothes Washers

reqUire high-effiCienCy faUCets and shoWerheads

reqUire high-effiCienCy toilets (het)

reqUire hot Water on deMand

reqUire MUlti faMily sUbMetering on neW aCCoUnts

reqUire PlUMbing for fUtUre gray Water Use

reqUire sMart irrigation Controllers and rain sensors

single-faMily toilet ordinanCe

single-faMily Water sUrveys i

single-faMily Water sUrveys i With aMs

single-faMily Water sUrveys ii

single-faMily Water sUrveys ii With aMs

single-faMily Water sUrveys iii

single-faMily Water sUrveys iii With aMs

Washer rebates

Washer rebates for high-effiCienCy MaChines

CoMMerCial, institUtional or indUstrial MeasUres

Cii rebates to rePlaCe ineffiCient eqUiPMent

Cii sUrveys

Cii sUrveys With aMs

dental vaCUUM PUMP

high-effiCienCy Urinal rebate (<0.25 gallon)

irrigation Water sUrveys

reqUire 0.5 gal/flUsh Urinals in neW bUildings

reqUire Plan revieW for neW Cii

Water brooMs

irrigation MeasUres

artifiCial tUrf sPorts fields

irrigation Water bUdgets

reqUire landsCaPe and irrigation reqUireMents

UPdated irrigation Water bUdgets W/ aMs on eXisting aCCoUnts

MeasUres for all CUstoMers

finanCial inCentives for irrigation UPgrades

finanCial inCentives for irrigation UPgrades (eXPanded)

install aMs

real Water loss redUCtion – i

real Water loss redUCtion – ii

real Water loss redUCtion – iii

residential and irrigation MeasUres

sMart irrigation Controller rebates
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through FY15 includes an additional $18.3 million for water 
conservation program funding, as shown in Figure 6-2. By 
2015, EBMUD will have invested more than $60 per capita 
on customer-targeted conservation programs since 1970. 
Water Conservation Program expenditures do not include 
additional expenditures for EBMUD funded conservation-
related activities, such as distribution system leak 
detection, meter testing and replacement, or other field 
service customer assistance and education efforts.

EBMUD water rates and charges support the cost of 
implementing the conservation program and continued 
investments in achieving water use efficiencies as outlined 
in the WCMP. The water rates and rate structure are 
established biennially by the EBMUD Board of Directors. 
Any increases in the cost of the conservation program 
would be reflected in proposed water rate changes, 
subjected to a procedure of public notice and hearing to 
allow for input from the public and rate payers.

WATER CONSERVATION AND GOALSFIGURE 6-1

FISCAL YEAR
NOTES:

1. This figure depicts EBMUD’s conservation efforts since the implementation of the Water Conservation Master Plan in 1994 and projected in the 2011 Water
 Conservation Master Plan, and it excludes savings associated with prior conservation efforts implemented in the 1970s.
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28 MGD

Key EBMUD water conservation program accomplishments 
in FY09 and FY10 are listed in Table 6-3 and include:

■  nearly 36,000 rebates totaling more than $4.5 million 
were distributed to EBMUD customers;

■  nearly 125,000 free water-saving devices (e.g. 
showerheads, faucet aerators) were distributed;

■  more than 16,000 water use site surveys and self-survey 
kits were completed;

■  more than 2,000 water waste reports were handled 
during the drought;

■  more than 66,000 restaurant tent cards, hotel and health 
club stickers were distributed to some 800 restaurants 
and 30 health clubs to announce the drought and ask 
customers to use water efficiently and sparingly; and

■  EBMUD sold more than 3,500 copies of its award-
winning book Plants and Landscapes for Summer Dry 
Climates.
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sbX7-7 Water Use 
baseline and targets
Senate Bill No. 7 (SBx7-7) established the Water 
Conservation Act of 2009 program that is often referred to 
as “20x2020.” The legislation calls for a 20 percent reduction 
in per capita water use statewide by the year 2020. All urban 
water agencies are required to report their baseline per 
capita water use and reduction targets in their 2010 UWMP.

Since the 1970s, demand management has been an 
important part of EBMUD’s water practices and policies to 
promote reasonable and efficient use of supplies. Figure 
6-3 of the Draft UWMP shows that EBMUD has made 
significant strides in decreasing historical daily per capital 
water demand as a result of EBMUD’s aggressive water 
conservation and recycling efforts and other factors. Gross 
overall water demand has remained relatively consistent as 
the number of accounts has grown steadily.  This 
continuous effort has resulted in more than a 25% 
reduction in daily per capita water use and goes beyond 
the short-term focus on consumption reduction as required 
through SBx7-7.

To allow agencies including EBMUD to capture previously 
realized conservation and recycled water savings, SBx7-7 
was designed with flexibility to allow suppliers to select 
one of four methods for establishing its SBx7-7 targets. 
EBMUD researched each of the four target methodologies 
and selected a target method that would allow EBMUD to: 

■ be credited for its aggressive water conservation and 
recycling programs; 

■ implement demand management program budgets that 
are appropriately tailored to customer usage;

■ anticipate the post-drought and economic rebound; and 

■ account for anticipated demand hardening in 
consumption behavior.   

The three alternative target methodologies, which EBMUD 
did not use, are not suitable to the EBMUD service area as 
the per capita use targets could perpetuate the economic 
downturn and subject customers to further hardship.  

In conformance with the reporting requirements of SBx7-7, 
Table 6-4 summarizes EBMUD’s analyses of its baseline 
daily per capita water use and water use targets for 2015 
and 2020. Because EBMUD’s recycled water supply makes 
up less than ten percent of its measured retail water 
demand for 2008, EBMUD meets the criteria for applying 
the ten year baseline period to developing the target levels 
of per capita water use. The selected ten-year period is 
calendar years 1995-2004. Figure 6-3 illustrates the 
historical daily per capita water demand and the 2020 
target demand for EBMUD’s selected target method. 
Detailed calculations supporting the analyses of the 
baseline and target water use to meet the requirements of 
SBx7-7 are presented in Appendix H. The target water use 
will be finalized in the next UWMP submittal in 2015, and 
compliance reporting will be presented in future Urban 
Water Management Plans beginning in 2015. 

To comply with SBx7-7, EBMUD will achieve its target water 
use by implementing recommendations for conservation 
programs as outlined in the WCMP and for recycled water 
programs as discussed in Chapter 5 of this UWMP 2010. The 
conservation and recycled water programs are based on 
long-term water supply planning levels.

EBMUD’s 2020 water use target of 175 gallons per capita 
per day (GPCD) is calculated using Target Method No. 2. 
As a result of the 2020 target being greater than the 
minimum 5% reduction from EBMUD’s 2003-07 five-year 
baseline, EBMUD will pursue a lower target of 150 GPCD. 
EBMUD’s 2015 interim target is 158 GPCD. Implementing its 
planning level programs, EBMUD projects a lower demand 
level of 151 GPCD for year 2015. In addition, EBMUD’s 
UWMP 2010 planning level programs project an even more 
aggressive and lower 2020 demand level of 144 GPD.

FISCAL YEAR
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table 6-3 key fisCal year 2009 and 2010 Water Conservation PrograM aCCoMPlishMents
PrograM desCriPtion aCtivity or aCCoUnts inCentives ($)  Water savings (gPd)

residential serviCes

single-faMily sUrveys  812 na 56,000

MUlti-faMily sUrveys 931 na 165,400

Cyes stUdent sUrveys 1,283 na 83,500

hoMe Water Use do-it-yoUrself sUrvey kits 16,152 na 174,100

leak deteCtion adviCe 11 na 1,000

residential inCentives

high-effiCienCy Clothes Washer rebates 21,179 $2,310,510 400,300

high-effiCienCy toilet rebates 13,000 $1,650,710 290,400

residential landsCaPe rebates 175 $129,509 8,900

free deviCe distribUtion  124,412 $190,000 78,400

Subtotal ReSidential PRogRam SavingS/incentiveS 177,955 $4,280,729 1,258,000

non-residential serviCes

CoMMerCial sUrveys 372 na 32,700

indUstrial sUrveys  20 na 2,200

institUtional sUrveys  79 na 10,700

leak deteCtion adviCe  7 na 39,500

non-residential inCentives

CoMMerCial Clothes Washer rebates 96 $18,300 10,000

CUstoM non-residential  rebates  208 $9,198 1,600

CoMMerCial dishWashing sPray valves  27 $810 3,000

toilet/Urinal rebates 639 $68,551 16,100

Subtotal non-ReSidential PRogRam SavingS/incentiveS 1,448 $96,859 115,800

irrigation serviCes/inCentives

irrigation sUrveys  416 na 233,000

irrigation redUCtion inforMation systeM 486 na 90,300

landsCaPe irrigation UPgrade rebates 92 $97,446 75,200

irrigation Controllers (residential & CoMMerCial) 158 $38,997 38,400

sUbtotal irrigation savings/inCentives 1,152 $136,443 436,900

total ebmud PRogRam incentiveS/SavingS FY09 &10 180,555 $4,514,031 1,810,700

Water savings rounded to 100 gpd

table 6-4 sbX7-7 baseline Water Use and Water Use targets
  daily Per CaPita Water Use (gPCd)

10-yr average baseline (Calendar years 1995–2004) 165

seleCted target Method #2 (55 gPCd residential indoor; 70-80% et
o
 

oUtdoor landsCaPe Use; 10% Cii redUCtion) 175

5-yr average baseline (Calendar years 2003–2007) 158  

MiniMUM Water Use redUCtion reqUireMent (5% redUCtion) 150 
 

year 2015, interiM target 158

year 2020, Using MiniMUM Water Use redUCtion reqUireMent 150
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importance of water conservation is emphasized to 
customers not only during droughts, but also every year, 
whether or not a drought is occurring, as water 
conservation stretches limited resources and plays a 
crucial part in EBMUD’s water supply portfolio.

Water Conservation Survey Programs
Single-Family Water Surveys
Water surveys for single-family residential customers 
include measuring and assessing indoor and outdoor end 
uses of water and offering customized recommendations 
on how to save water in and around the home. Targeting 
high water use customers is key to maximizing water 
savings from delivery of this service. WCMP conservation 
program implementation identifi es a target of 2,500 
surveys annually. To achieve this target, staff will expand 
existing delivery mechanisms and develop outreach 

deMand-side Conservation

residential
Water Conservation PrograMs
EBMUD’s array of demand-side water conservation 
programs and services covers all customer categories. 
Residential water conservation programs are designed to 
offer customers water conservation incentives and to 
educate them about water supply, water use habits, and 
water-saving technologies and behaviors. Programs and 
services include free water surveys and water-savings 
devices, incentives for installing water-saving plumbing 
fi xtures, appliances, and irrigation equipment, lawn 
conversion, water-effi ciency plan review requirements for 
new water services, and education and outreach 
programs. EBMUD continually monitors these programs to 
ensure that conservation objectives are being met. The 

120

140

160

180

200

220

202020102000199019801970

AVERAGE DAILY WATER DEMAND IN
GALLONS PER CAPITA PER DAY (GPCD)

SBX7–7 2020 WATER USE TARGET

1976-1978
RATIONING

PERIOD

1976-1978
RATIONING

PERIOD

1987-1994
RATIONING

PERIOD

1987-1994
RATIONING

PERIOD

2007-2010
RATIONING

PERIOD

2007-2010
RATIONING

PERIOD

MINIMUM TARGET:
YEAR 2020
WATER USE 150 GPCD

MINIMUM TARGET:
YEAR 2020
WATER USE 150 GPCD

HISTORICAL DEMANDHISTORICAL DEMAND PROJECTED DEMANDPROJECTED DEMAND

WATER 
CONSERVATION

AND RECYCLING
GOAL 144 GPCD

WATER 
CONSERVATION

AND RECYCLING
GOAL 144 GPCD

FIGURE 6-3



6-9

UWMP 2010: ChaPter 6 — Water Conservation ■

initiatives to enlist customer participation. Existing delivery 
mechanisms include self-survey kits, telephone surveys, 
and in-person surveys.

Home Water Use Do-It-Yourself Survey Kits
In advance of a scheduled in-person survey, EBMUD 
provides customers with free self-survey kits to help guide 
them through a step-by-step self-assessment of their water 
use. Customers who return completed self-surveys 
identifying high-water using devices, such as showerheads 
or faucet aerators, may request free first-time water-
efficient replacements from EBMUD.

Self-surveys are currently made available to customers in 
print and online via the EBMUD WaterSmart Center as 
downloadable files. The customer is directed to check for 
indoor and outdoor leaks, take inventory of water-using 
hardware and equipment, and measure flow rates. While 
potentially more cost-effective than in-person surveys, this 
survey delivery mechanism limits the customization of 
water saving recommendations and results in only minimal 
data collection for the small percentage of customers that 
complete and return survey forms.

Self-guided surveys will be expanded through 
development of an interactive web-based user interface 
comprised of simple step-by-step instructions for 
completing a home water uses assessment. Development 
of an online interactive self-survey via the EBMUD 
WaterSmart Center will help customers assess their water 
usage, compare personal usage to benchmarks, and view 
available technical information, water conservation tips, 
rebates, and incentives based on their individual 
responses. The online service will also include an 
irrigation scheduling calculator that incorporates imagery 
of individual parcels and a measurement tool to allow 
customers to measure irrigated areas and establish 
landscape water budgets.

An automated online service will give customers access to 
water services during all days and times rather than just 
during EBMUD business hours and automate program data 
collection and entry. Envisioned future development of 
online applications for mobile devices would allow 
customers to move throughout their home/ site while 
conducting self-surveys. Development of a self-guided user 
interface and functionality requires a robust database and 
the integration of existing EBMUD information systems. 
Therefore, it is a substantial software application 
development project dependent upon the availability of 
EBMUD information system development resources. In the 
near term, the existing manual self-survey process will be 

updated and marketed and will serve as a basis for 
developing online content and automation.

Telephone Surveys
EBMUD customers can currently obtain telephone 
consultation and advice regarding their water 
consumption and conservation tips. Most of these 
interactions are initiated by customers as high bill 
complaints and are handled by a Customer Service 
Representative in EBMUD’s Contact Center. Customers 
needing additional consultation are referred to Water 
Conservation staff for more detailed consultation where 
staff assists the customer in reviewing and assessing their 
water consumption and end uses of water. Planned 
enhanced services include separate tracking of customer 
contacts generated in the Contact Center and revising the 
process for conducting telephone surveys to improve data 
collection, documentation of outcomes, and EBMUD-
initiated follow-up within EBMUD’s Customer database.

In-Person Surveys
Currently, EBMUD customers can schedule free in-person 
water surveys with EBMUD staff. A site visit, which 
typically lasts up to one hour, includes a meeting with a 
resident/ homeowner to review water consumption history, 
a test for leaks, an assessment of indoor water using fixture 
flow rates, and outdoor landscape irrigation. 
Recommendations for water-efficiency improvements and 
informational brochures are provided as needed. While all 
EBMUD customers are eligible for in-person surveys, a 
number of customers are initially directed to self or 
telephone surveys. As online and telephone survey 
delivery mechanism are further developed, higher-cost 
in-person services will be de-emphasized in favor of more 
cost-effective and interactive delivery mechanisms.

Landscape Consultations
Landscape consultations are in-person surveys with 
additional emphasis on efficient landscape irrigation 
scheduling, irrigation hardware efficiency, automatic 
irrigation controller programming, and sustainable 
landscape design and maintenance. Landscape 
consultations are scheduled at sites with high dry-season 
water and automatic irrigation systems. While available to 
all customers, the majority of sites that benefit from this 
service are in communities with low-density housing on 
large lots with installed landscapes. Development of 
interactive online tools to assess outdoor use will automate 
and improve the ability to assess landscape water use 
efficiency by customers but will not completely replaced 
the need for in-person services. This service will be 
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increasingly targeted to high-water use sites with pre-
identifi ed irrigation usage. Figure 6-4, which illustrates 
monthly water use by customer category, emphasizes 
residential consumption as the single largest component of 
total consumption and highlights the difference in 
residential use in winter months versus summer months.

Multi-Family Water Surveys
Multi-family water surveys target existing multi-family 
residential customers at sites with fi ve or more units. 
WCMP water conservation planning targets 200 accounts 
and approximately 3,400 dwelling units annually. Surveys 
are provided in-person through scheduled appointments 
with property managers and apartment building owners. 
The survey includes the same elements as single-family 
audits. At each site, representative samples of dwelling 
units are inspected and assessed for indoor water use 
effi ciency. Outdoor water use served by mixed-use (indoor 
and outdoor) water meters is also assessed. Sites with 
high-water use and multiple sites under the same 
ownership or manager are targeted for this service. On-site 

surveys are required for high volume water-saving device 
distribution, and free devices are delivered as part of this 
service.

Rebate and Incentive Programs
Incentives and rebates for indoor water-effi cient 
appliances, plumbing fi xtures, and outdoor irrigation 
systems (irrigation controllers and drought-tolerant 
landscaping), and distribution of devices (clothes 
washers, high-effi ciency toilets, free water-effi cient 
showerheads, faucet aerators, and quick-closing toilet 
fl appers) are offered to residential customers. These 
rebates to residential customers totaled nearly $4.3 
million in FY09 and FY10.

Residential Landscape
Consultations and Rebate Program
Implemented in February 1998, the Residential Landscape 
Program promotes outdoor water use effi ciency in the 
single-family residential sector. EBMUD offers residential 
customers free on-site landscape consultations to help 
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with new plantings and improvements to their landscape 
irrigation efficiency. The consultations emphasize proper 
irrigation scheduling, low water use plant selection, and 
other sustainable landscape practices such as mulching 
and proper maintenance. In FY09 and FY10, EBMUD 
continued to offer rebates to qualifying residential 
customers for converting lawns to sustainable landscaping 
and coordinated an online mulch coupon offer with local 
retailers. There is a strong educational component to the 
program; pre- and post-conversion site visits include in-
person education regarding water conservation, water-
efficient landscape design, irrigation scheduling, and 
maintenance practices.

Residential High-Efficiency 
Clothes Washer Rebate Program
EBMUD’s Residential Clothes Washer Rebate Program, 
one of the first such programs offered in the nation, has 
been available to EBMUD’s residential customers since 
1996. EBMUD continues its participation in a regional 
initiative with Pacific Gas and Electric and with Bay Area 
water agencies to offer combined water and energy 
efficiency rebates for high-efficiency clothes washers and 
increase program visibility regionally among customers 
and appliance retailers.

EBMUD is among the first water agencies to enhance its 
clothes washer rebate with tiered rebates based on the 
water-efficiency level of eligible clothes washer models. 
Tiered rebates influence consumers to purchase 
appliance models that meet or exceed higher efficiency 
standards. FY09 and FY10 were the two single highest 
years of EBMUD customer participation with more than 
21,000 clothes washers rebated that totaled more than 
$2.3 million in incentives distributed and saved an 
estimated 146 million gallons of water annually. EBMUD 
has rebated more than 77,000 clothes washer purchases 
since the program began in 1996. EBMUD also offers 
rebates for the installation of family-sized clothes washers 
in multi-family housing.

High-Efficiency Toilet Rebate Program
Since 1995, EBMUD has offered its residential customers 
rebates and free installations of new toilets to support 
replacement of higher water-volume models. The current 
program rebates the purchase of high-efficiency toilet 
(HET) models that use 20 percent less water than the 
standard 1.6 gallons per flush ultra low-flow toilets. As a 
United States Environmental Protection Agency (USEPA) 
WaterSense Partner, EBMUD promotes WaterSense labeled 
products through home improvement retailers, 

manufacturers, and distributors throughout its service 
area. EBMUD and other water agencies working directly 
with manufacturers, distributors, and retailers encourage 
expanded production and distribution of water-efficient 
toilets. In FY09 and FY10, HET retrofits were popular with 
customers, with households receiving 13,000 rebates 
totaling more than $1.6 million. Those toilets save an 
estimated 290,000 gallons of water or more every day or 
nearly 106 million gallons annually. 

Device Distribution Program
EBMUD has been distributing free low-flow showerheads, 
faucet aerators, and other water-saving devices to 
customers since the 1980s. The devices are distributed 
primarily during customer water use surveys, through 
direct mail, and over the counter at EBMUD offices. A 
Market Penetration Study completed in FY02 found that 
EBMUD’s service area was effectively “saturated” with low-
flow showerheads and faucet aerators. Much of this high 
saturation can be attributed to EBMUD’s ongoing free 
distribution program. Nearly 80,000 water-efficient devices 
and products were distributed to EBMUD customers during 
the FY09-FY10 period.

non-residential 
Water Conservation PrograMs
EBMUD tailors an array of demand-side water conservation 
programs to commercial, industrial, institutional and 
landscape irrigation customers to assist with improving 
their indoor and outdoor water use efficiency. Non-
residential water conservation programs include free water 
surveys, water-saving device distributions, technical 
consultations, plan reviews, and life-cycle cost and savings 
estimates. Financial incentives support the installation of 
water-efficient appliances, plumbing fixtures, and process 
equipment. In FY09 and FY10 nearly 1,400 non-residential 
customer surveys and over 1,200 conservation rebates 
saved more than 550,000 gallons per day (GPD) or more 
than 200 million gallons annually.

East Bay businesses helped with water savings during the 
recent drought through their own indoor and outdoor 
water savings initiatives, as well as working with EBMUD to 
install water-efficient appliances, plumbing fixtures, 
process equipment, and irrigation systems. Business 
customer water use was down an average of five million 
gallons per day compared to the pre-drought three-year 
average from 2005 to 2007. 
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Water Conservation Survey Programs
Commercial, Industrial, 
and Institutional Surveys
Commercial, Industrial, and Institutional (CII) surveys are 
designed to help businesses and institutional customers 
use water more efficiently. CII water surveys consist of free 
on-site visits conducted by EBMUD staff. Staff works with 
consultants and landscape and facility managers to 
identify opportunities to increase water use efficiency and 
achieve associated benefits in reduced energy use, 
wastewater discharge, chemicals, and downsized 
treatment facilities. Irrigation water surveys include a 
review of current and past water use efficiencies, on-site 
inspection of irrigation equipment, tests for system leaks 
and sprinkler uniformity, training of landscape personnel 
in principles of efficient irrigation systems, assistance with 
irrigation scheduling, and recommendations for improving 
irrigation system efficiency. If the surveyor determines that 
existing devices are not efficient, first-time free water-
efficient devices are provided, which include quick-closing 
toilet flapper valves, water-conserving showerheads, low-flow 
faucet aerators, and commercial dishwashing spray valves.

Businesses with relatively simple end uses of water have 
successfully used self-survey kits. Small metering devices 
are available for loan to verify water use characteristics 
before implementing conservation measures. This 
approach allows the customer and EBMUD to identify the 
most cost-effective measures, including opportunities that 
may qualify for rebates.

Irrigation Water Surveys
EBMUD offers free surveys and incentives for business 
customers to improve irrigation efficiency. Irrigation audits 
include an evaluation of current and past water use, on-site 
inspection of irrigation systems, tests for sprinkler 
uniformity, training landscape personnel on principles of 
efficient irrigation, and recommendations for increasing 
water use efficiency. Irrigation water surveys are targeted at 
nearly 5,000 EBMUD irrigation accounts where landscape 
irrigation comprises most or all of the use at the site.

Homeowners associations (HOA) continue to represent a 
large participant sector. Two strategies have proven 
successful in helping to secure customer participation in both 
the water use survey and irrigation system upgrade programs: 
targeted presentations by EBMUD staff and telephone 
contacts via high-water consumption billing inquiries.

Rebate and Incentive Programs 
EBMUD offers non-residential customers financial 

incentives in the form of customized rebates, free water-
efficient device distributions, and fixed rebates for water-
efficient products, including plumbing fixtures, 
commercial appliances, process and cooling equipment, 
and irrigation system upgrades. 

Toilet/Urinal Replacement Program
EBMUD administers both a fixed and customized rebate 
program for the purchase of qualifying high-efficiency 
toilet (HET) and high-efficiency urinal (HEU) models. 
EBMUD continued a long-term assessment of HEU 
products through installation within its own facilities.

Commercial Clothes Washer Rebates
EBMUD offers rebates for the installation of commercial-
grade units in common area laundries, businesses or 
institutions with on-premise laundry facilities, and coin 
laundry stores.

Commercial 
Landscape Irrigation Upgrade Program
This program seeks to minimize customer water 
consumption and utility costs, and to introduce customers 
to new efficient irrigation technology to help large-
landscape irrigators improve the efficiency of their existing 
irrigation systems.

Irrigation Reduction Information System
EBMUD’s Irrigation Reduction Information System (IRIS) 
continues to be a leader in landscape water budget 
programs across the state. The Geographic Information 
System (GIS) based program is designed to inform EBMUD 
irrigation customers on how much water should have been 
used during a billing period. Water use estimates are based 
on actual irrigated landscape areas and real time weather 
data from local weather stations. The IRIS program prints 
the water budget on every water bill that the customer 
receives after joining the program. The information helps 
customers improve management of their irrigation systems 
by reducing water use and increasing cost savings. In FY10, 
over 20,000 landscape water budgets were printed on water 
bills for more than 3,300 irrigation customers. 

Device Distribution Program
Since the early 1980s, EBMUD has been distributing free 
low-flow showerheads, faucet aerators, high-efficiency 
hose nozzles, “water brooms,” and low-volume toilet flush 
valve retrofit kits. Devices are provided to customers 
primarily through water use surveys. Some water-efficient 
hardware and devices are loaned to customers for testing 
in their business settings.
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Water-Efficient 
Fixtures and Appliance Incentives 
EBMUD provides rebates to business customers for 
purchasing water-efficient plumbing fixtures such as high-
efficiency gravity and pressurized toilets, low or zero-water 
using urinals, commercial-grade clothes washers, and pre-
rinse dishwashing spray valves.

Custom Financial Incentives 
EBMUD offers custom financial and technical assistance to 
businesses that undertake specialized water-efficiency 
projects. Rebates offset a portion of the initial costs of 
installing water-saving equipment and systems, and they 
shorten the payback period for the customer’s investment 
in equipment upgrades. Rebate values are based on 
estimated water savings and may be up to 50 percent of 
the costs of implementing hardware or process changes 
that demonstrate improved water use efficiency. Incentives 
covered multiple technologies and practices, such as 
boiler-less food steamers, air-cooled ice machines, and 
recirculating cooling systems, dishwashing, water 
treatment, wash down equipment, and others.

On a case-by-case basis, EBMUD also partners with 
business and industrial customers on joint research to 
develop new technologies and water management 
practices that demonstrate and promote cost-effective 
water savings. Each custom project is required to enter into 
a performance contract with EBMUD and achieve a 
project-defined water budget to be eligible for EBMUD 
financial assistance.

edUCation and oUtreaCh aCtivities
Education and outreach activities support all other 
conservation programs and increase both customer 
awareness and acceptance of EBMUD conservation efforts. 
EBMUD has a long history of providing customers with 
educational services including publications, newsletters, 
school curricula, public workshops and events, and 
demonstration projects. To make its water conservation 
programs and services more visible, EBMUD works 
cooperatively with other agencies and organizations by 
participating in trade shows and community events. 
Outreach activities include general and targeted 
marketing, community presentations and workshops, and 
participation in regional and statewide conservation 
organizations.

Education
Publications are a valuable educational tool for promoting 
conservation practices. In 2004 EBMUD published its 
award-winning Plants and Landscapes for Summer-Dry 
Climates of the San Francisco Bay Region. The book is a 
modern, updated reference on low water use and drought 
adapted plants for Mediterranean climates and further 
establishes EBMUD as a leader in outdoor conservation 
education. The book describes over 630 plants adapted to 
summer-dry climates and features over 540 stunning color 
photographs of plants and landscapes. Charts provide 
quick reference, and lists identify plants for special 
situations such as hot, dry sites, and dry shade. Articles 
contributed by notable horticulturists bring to life the 
weather, seasons, and design principles that shape the 
summer-dry landscape. The publication is both part of a 
growing awareness of climate compatible and resource-
conserving landscaping and an educational tool to further 
the application of a cutting-edge garden aesthetic within 
and beyond EBMUD’s communities.

Recognizing its many educational benefits, EBMUD 
expanded its school outreach programs to help increase 
water-efficiency at schools to save water and money; 
provided school community outreach and support; and 
educated students on responsible water use and 
environmental protection. Since 1974, EBMUD has 
provided water conservation curricula and supplemental 
materials to teachers and students as part of its Project 
WATER (Water Awareness Through Education and 
Research) school program. The program is free to public 
and private schools within the EBMUD service area and 
includes K-12 curricula and watershed service learning 
with EBMUD Rangers/ Naturalists. In 2000, EBMUD also 
initiated a School Garden Grant Program in partnership 
with the nonprofit Watershed Project to support local Kids 
in Gardens projects. These projects were popularized by 
the California Department of Education’s initiative to 
create “a garden in every school.” Through workshops 
sponsored by both EBMUD and other agencies, educators 
and their students learn how to reduce water and pesticide 
use in the garden. 

Outreach
EBMUD continues to market its water conservation 
programs in two overarching ways: general and specific. 
The “general” or broad-based marketing approach 
communicates the value of water and the importance of 
efficient water use. The “specific” approach includes 
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interactions with individual customers or groups of 
customers and marketing of EBMUD conservation 
programs, technologies, and services tailored to them.

Examples of marketing tools that EBMUD has used 
include:

■ web-based resources;

■ bill inserts;

■ newspaper and magazine ads;

■  billboards;

■ AC Transit posters;

■ BART billboards;

■ promotional items at community events;

■ theater ads;

■ cable television;

■ EBMUD WaterSmart™ Business Certification Program; 
and

■ support of WaterSense product labeling initiatives.

EBMUD initiated a strong public information campaign to 
spread the word about ways with which the customers 
could save water in their homes and businesses. In FY09, 
EBMUD expanded its website and online Drought Help 
Center, a one-stop education resource. Online videos 
highlighted what customers were doing in their own 
homes and yards to save water, and weekly conservation 
tips showcased simple changes that could add up to 
significant savings. Customers could view the historical 
water use and projected allocations, as well as place web 
orders for free water-saving devices such as showerheads, 
faucet aerators, hose shut-off nozzles, and conservation 
publications.

In 2003, EBMUD initiated its long-term strategic Marketing 
Plan to enhance the branding and marketing of EBMUD’s 
water conservation and recycling programs. The 
WaterSmart program is designed to brand water 
conservation services that inform customers and retailers 
of the best available technology and management 
practices to help EBMUD achieve its conservation goals. In 
FY09, EBMUD formally launched its WaterSmart Business 
Certification Program following development and focus 
group testing. Mirrored closely to other green business 
certification programs, EBMUD’s program is designed to 
heighten awareness of water (and energy) conservation 
benefits by recognizing businesses that implement water-
efficiency measures and reach or exceed defined 
efficiency benchmarks. EBMUD staff work one-on-one 

with businesses, green business certification programs, 
and the local energy provider to promote changes that not 
only help customers save money by lowering water use, 
but also save energy and chemical costs. The WaterSmart 
Certification Program was developed specifically to:

■ improve branding of water-efficient EBMUD services;

■ promote water-efficient products and technologies 
through product labeling, analogous to the USEPA’s 
WaterSense and ENERGY STAR programs; and

■ register and recognize those businesses and customers 
that meet or surpass EBMUD demand management 
goals and objectives.

In FY09, EBMUD partnered with the CUWCC to conduct 
WaterSmart Guidebook training workshops in northern 
and southern California. In FY10, EBMUD continued to 
market its WaterSmart Business Development Guidebook 
to promote the latest water-efficient technologies, 
products, and best practices to city planners, water 
professionals, and commercial, industrial, and institutional 
customers.

sUPPort aCtivities
Support activities are those that support the 
implementation of the water conservation program. These 
activities include database monitoring, studies/ research, 
committee and association work, identification of funding 
sources, cooperative efforts, and the submittal of internal 
and external reports.

EBMUD regularly partners with a number of California, 
U.S., and international water agencies, energy utilities, 
green business organizations, and other research entities 
to study water use and pilot new water-efficiency programs 
and technologies. EBMUD is active in statewide water 
conservation venues and is represented in all significant 
industry-related discussions involving state and federal 
agencies, public interest groups, and professional 
associations. For example, EBMUD is a member of the Bay 
Area Water Agencies Coalition (BAWAC) established by 
several Bay Area water agencies to act in a unified manner 
on water planning activities. EBMUD also remains an 
active Board member of the CUWCC, California Urban 
Water Agencies (CUWA), and the national Alliance for 
Water Efficiency.

Partnerships
EBMUD recognizes that partnerships broaden the visibility 
of conservation programs, create cost-sharing 
opportunities and potential economies of scale, and can 
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table 6-5 Water Conservation PartnershiPs

landsCaPe advisory CoMMittee
Formed in 1988, the Landscape Advisory Committee (LAC) brings together green-industry professionals representing the landscape 
designers, contractors, nurseries, sod producers, educators and product manufacturers and distributors. Committee members assist 
staff in identifying best principles and practices for smart landscaping. The LAC has been meeting annually to provide comments on 
District conservation programs, new technologies, industry trends, and presentations.

the green bUsiness PrograM
EBMUD contributes funding to both the Alameda County and the Contra Costa County Green Business Programs, and conducts water 
conservation surveys at local businesses interested in becoming a certified Green Business. The Program began targeting automobile 
repair shops, printing facilities, and office buildings, and now has expanded to nearly all small and medium sized businesses. Through 
this partnership, EBMUD helped certify over 400 businesses since the inception of the Green Business Program.

stoPWaste
A project of the Alameda County Waste Management Authority, StopWaste targets larger industries for comprehensive assessments to 
help implement environmental solutions. EBMUD staff coordinates outreach and water use surveys with environmental assessments, 
and helps to provide customers with one-stop shopping for waste management and resource conservation services. Bay-Friendly 
Landscape is a program of StopWaste that promotes resource conservation, waste reduction, and pollution prevention in the design 
and maintenance of urban landscaping. EBMUD promotes and leverages Bay-Friendly Landscape informational resources in customer 
outreach, lends expertise to workshops and educational presentations, and is pursuing co-branding and joint outreach initiatives to 
the nursery industry.

bay-friendly landsCaPe Coalition
The Bay-Friendly Landscape Coalition is an initiative to promote Bay-Friendly Landscape Principles regionally. EBMUD is a signatory 
to the Bay-Friendly Landscape Principles and a founding sponsor of a developing non-profit organization. EBMUD sponsored and 
participated in two regional conferences in 2008 and 2010. 

the food serviCe teChnology Center (fstC)
The Center is a primary resource for food service operators, designers, consultants, vendors and manufacturers. It promotes efficient 
design and operation of food service facilities. EBMUD partnered with the FSTC to offer workshops for food service providers and to 
develop performance specifications for water and energy-efficient spray valves used in dishwashing operations. EBMUD has partnered 
with FSTC and other water purveyors to monitor and measure the water and energy savings potential of the new “connectionless” 
commercial food steamers and commercial ice machines. EBMUD continues to partner with FSTC on dual audits of large kitchen 
facilities.

California yoUth energy serviCes (Cyes)
EBMUD partners with local schools and community groups to support youth training projects that educate students about water 
resources and water conservation. EBMUD contributes financially and through in-kind services to California Youth Energy Services, 
a local non-profit, to provide students involved in job training projects with water conservation information, educational activities, 
and support for residential and business water conservation retrofit projects. These partnerships build communities of youth with 
passion for resource conservation and community service and the know-how to accomplish real water and energy savings. Since the 
beginning of this partnership, over 5,000 student surveys have been performed.

Water agenCies
Joint grant applications, primarily with water utility partners, improve the likelihood that proposals for conservation funding will be 
awarded. EBMUD customers who participate in the grant funded programs directly benefit from the supplemental funding for rebates, 
installations, and on-going water savings. EBMUD was among the water agency’s Prop. 50 grant recipients in support of the regional 
clothes washer water and energy initiative implemented with Pacific Gas and Electric Company (PG&E). EBMUD continued to host 
and participate in meetings of the Bay Area Water Conservation Coordinators, an informal group of regional water utility water 
conservation practitioners who meet to share information about research and implementation, and to discuss emerging technologies 
and issues impacting water use efficiency.
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table 6-5 Water Conservation PartnershiPs ContinUed

bay area Water agenCies Coalition (baWaC)
BAWAC represents a coalition of Bay Area water agencies collaborating on comprehensive water management strategies and 
innovative approaches for securing a reliable, high quality Bay Area water supply. Shared efforts include, but are not limited to, water 
quality and treatment, demand management (conservation and recycling), and watershed protection. In FY10, EBMUD was among 
several water agencies that initiated preparation of a Prop. 84 Integrated Regional Water Management Plan grant proposal with water 
conservation, recycling, and green infrastructure components.

the California Urban Water agenCies (CUWa)
CUWA is a non-profit corporation providing a forum for its member agencies to study and promote the need for a reliable, high quality 
water supply for the state’s current and future urban water needs. EBMUD is active on a number of agency supported committees and 
worked closely with the CUWA Conservation Committee on a number of research projects to identify potential urban water 
conservation savings and implementation barriers toward achieving those savings.

California Urban Water Conservation CoUnCil (CUWCC)
The Memorandum of Understanding (MOU) Regarding Urban Water Conservation in California created and implemented a broadly 
supported agreement specifying urban water conservation Best Management Practices (BMPs). CUWCC, a non-profit organization 
consisting of urban water suppliers, environmental organizations, and other interested parties, is charged with overseeing the best 
practices implementation process. EBMUD staff actively participated in the 2007-09 BMPs revision process, and served on the 
organization’s governing Board and subcommittees. EBMUD funded work performed by the CUWCC to develop and improve plumbing 
standards that impact water use efficiency. EBMUD sponsors CUWCC through membership dues and staff participation, and its Water 
Conservation Program complies with MOU requirements. In FY09 and FY10, EBMUD staff supported CUWCC’s role in the statewide 
SBx7-7 implementation.

delta Plan develoPMent
In November 2009, the comprehensive “Delta Legislative Bill Package” was enacted, effectively replacing the CALFED Bay-Delta 
Program and imposing a new urban conservation goal of 20 percent per capita reduction in water use by 2020 in SBx7-7. EBMUD staff 
is directly engaged with DWR and other stakeholders in developing the regulatory framework for this law. With the implementation of 
the stringent conservation and recycling goals for long-term planning, EBMUD anticipates full compliance with SBx7-7.

the Watershed ProjeCt
The Watershed Project works to promote environmental responsibility and to preserve and protect the environment for future 
generations through education and outreach to teachers, students, and the community. From FY05 through FY08, EBMUD co-
sponsored teacher workshops within the East Bay and funded teacher-action grants for school projects that emphasize water 
conservation. The Kids in Gardens program promotes watershed stewardship by encouraging educators to create and use healthy, 
low-maintenance gardens to teach pesticides-free gardening methods and the importance of water conservation and urban runoff 
pollution prevention.

the Water Conservation shoWCase
Each March since 2004, EBMUD along with PG&E’s Pacific Energy Center and the U.S. Green Building Council, Northern California 
Chapter, have joined together to present the Water Conservation Showcase. The Water Conservation Showcase has included over 90 
presentations by water experts from the Bay Area and nationwide. Presentations over the Showcase’s seven year history have 
addressed almost every water conservation topic, from innovative water treatment techniques to infrastructure development. 
Additional topics have included California’s water history, water reuse solutions, water quality, and water rights.
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expand customer benefits by addressing multiple 
conservation areas such as water, energy, wastewater, and 
solid waste. In FY10, EBMUD continued its co-sponsorship 
with Pacific Gas and Electric, and the U.S. Green Building 
Council of the 2010 Water Conservation Showcase at the 
Pacific Energy Center in San Francisco. Each year the 
event draws a larger audience, and more vendor exhibitors 
showcase water-efficient technologies and services. Other 
FY10 EBMUD partnerships are listed in Table 6-5.

Demand 
Management Advisory Committee
In mid-2001, EBMUD’s Board of Directors established a 
“Demand Management Advisory Committee” (DMAC). The 
committee’s charge was to review the water conservation 
and recycling programs and assist staff in identifying cost-
effective demand management approaches and 
partnerships. The DMAC was composed of seventeen 
members with broad representation from local 
government, the green industry, environmental interests, 
the business community, taxpayer groups, and nonprofit 
organizations. The DMAC reviewed EBMUD’s water 
conservation programs and generally concurred with its 
objectives and approach. Many of the DMAC 
recommendations are reflected in current and planned 
future incentives. More recently during the water supply 
planning process, a Community Liaison Community (a 
community stakeholder group) also reviewed and advised 
the Board on programs of interest, including conservation 
that were incorporated into EBMUD’s water supply plan.

National 
Multi-Family Residential Sub-Meter Study
EBMUD actively supports research and technical studies to 
enhance understanding of water use patterns, 
conservation potential, and the impacts of conservation 
measures and programs. In June 2004, EBMUD completed 
a National Multi-Family Residential Sub-Meter Study. The 
study was conceived, organized and administered by 
EBMUD, and was developed in cooperation with the 
USEPA, nine water utilities in seven states, and two 
national apartment associations. The study represents a 
nationwide assessment of conservation potential and 
other policy issues associated with metering and/ or 
submetering within the multi-family sector.

Residential End-Use Studies
EBMUD has completed a number of residential end-use 
studies to quantify end uses of water by sector, water-using 
technology, and climate and consumer demographics. 

These studies help quantify current demand and future 
potential conservation savings from applied technology 
retrofits and behavioral change. In 2003 EBMUD monitored 
water use at 33 single-family homes to assess end uses of 
water, and measured the impacts of conservation retrofits. 
The study found that while indoor per capita single-family 
use varied, the average use could be reduced 
approximately 20-25 percent to approximately 55 GPD. 
Study findings will be used to estimate water savings more 
accurately from incentives programs, to assist in marketing 
customer benefits from conservation measures, and to 
prioritize EBMUD conservation budgeting.

EBMUD is participating in a statewide study to evaluate the 
current water use patterns and the current state of water-
efficiency in single-family homes. This study will be used to 
make generalized projections of the remaining potential for 
water conservation and to better facilitate water supply 
planning efforts. 120 participating EBMUD customers were 
selected at random to represent water usage patterns 
typically found in the service area. During March and April 
of 2007, these homes were equipped with datalogger 
devices which were used to help determine the end uses 
within each home and how much water was used in each 
application. Participants were also asked to complete 
surveys describing the types of appliances they have within 
their homes. The California Department of Water Resources 
(DWR) co-sponsored this program along with ten 
participating water agencies. In FY10, EBMUD participated 
in draft research report review and field data verification.

Advanced Metering Studies 
EBMUD is conducting several small advanced metering 
infrastructure (AMI) pilot studies in its service area to test 
new metering technologies that can collect, record, and 
remotely transmit monthly, daily, and hourly water 
consumption data to improve customer water-efficiency 
practices. The pilot studies are co-funded by grants from 
DWR and the United States Bureau of Reclamation (USBR).

Other Studies
EBMUD conducted numerous market saturation studies 
(1995, 1998, and 2001) to collect data on water 
conservation attitudes and behaviors, determine the types 
and market saturation of water-conserving hardware, 
assess water conservation potential for identified market 
sectors, and compare current and previous study findings.

EBMUD partnered with other water utilities, such as the 
USEPA and the California Urban Water Conservation 
Council. They completed the study conducted by the 
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table 6-6 Water Conservation researCh aCtivities

Meter teChnology stUdy
EBMUD continues its metering technologies research to provide customers and conservation staff with instantaneous or “real-time” 
water consumption information. This technology could be used as a conservation tool by helping increase customer awareness of 
their water use patterns as well as allow for earlier leak detection for increased savings.

California Urban Water Conservation CoUnCil (CUWCC)
EBMUD supports research conducted by the CUWCC through its membership, and it participated in the CUWCC Research and 
Evaluation (R&E) Committee. The R&E Committee oversees assessments of technology as Potential Best Management Practices 
(PBMPs). PBMPs are studied to identify possible implementation of economically reasonable Best Management Practices.

self-adjUsting Weather-based irrigation Controllers
The California Department of Water Resources (DWR) awarded EBMUD, in cooperation with five other agencies, a $1.6 million Prop. 
13 grant for a Weather-Based Irrigation Controller Program to install state-of-the-art controllers within six counties in Northern 
California. Through this grant, EBMUD’s portion of the program was $625,000 for 800 controllers. Program implementation began in 
January 2007. Outdoor water savings to date for customers who participated in the pilot program total nearly 175 million gallons.

MUlti-faMily sUbMetering
In April 2006, the EBMUD Board of Directors authorized acceptance of a Prop. 50 matching grant in the amount of $150,000 from DWR 
to investigate the business case for individually metering multi-family dwelling units. The grant contains three phases, each receiving 
matching funds of $50,000. The first phase, a study of the costs, benefits, and administrative issues of metering new multi-family 
dwelling units, was completed in September 2006. As a result of the first phase, the EBMUD Board adopted a new regulation effective 
January 1, 2009, requiring individual metering for multi-family and multi-occupancy structures three stories and under. In September 
2008, Phase Two of the metering study was initiated and included a voluntary pilot incentive program for customers to sub-meter 
existing multi-family residential properties. The final phase, slated for implementation in 2011-12, involves studying the accuracy, and 
applicability of point-of-use metering technology.

CoMMerCial, institUtional, and indUstrial (Cii) Plan revieW 
EBMUD was awarded a Prop. 50 grant from the DWR to develop a resource guidebook for reviewing plans of new CII developments 
for water use efficiency and to pilot a CII plan review program. The guidebook was published in 2008 and presents the technology 
associated with water-efficient hardware and processes applicable to the CII sector. In addition, EBMUD together with the CUWCC has 
held training classes in both Northern and Southern California on the guidebook. A final report on the plan review water savings is 
expected in 2012.

aMeriCan Water Works assoCiation researCh foUndation (aWWarf)
EBMUD has partnered with the AWWARF in the following cooperative studies: (1) “Water Efficiency Programs for Integrated Water 
Management” (#2935) investigating avoided costs associated with water conservation programs and comparing those costs to other 
supply-side options, (2) “Water Budgets and Rate Structures” (#3094) investigating the role of water budgets in rate setting, and (3) 
“Environmental Leadership” (#2854) investigating how management perceives their environmental leadership role.

residential end-Use of Water
EBMUD is participating in a DWR Prop. 50 grant to determine single-family indoor and outdoor end uses of water and water use 
efficiency at 1,200 homes in California. Indoor and outdoor water use will be determined using dataloggers. Indoor water use efficiency 
will be evaluated by comparing use by fixture/ appliance, and outdoor water use efficiency will be determined by comparing the 
irrigated landscape area to the use.

PiPeline leak deteCtion ProjeCt
With partial funding from a USBR grant, EBMUD is investigating the cost-effectiveness of permanent installation of water leak detection 
logger equipment versus the lift and shift method. EBMUD has installed approximately 850 acoustic leak detection loggers covering 
approximately 250 miles of pipe within the city of Berkeley and has continually collected leak detection data for 18 months. EBMUD 
investigated and repaired over 100 leaks identified. An additional 150 loggers are used in a lift and shift manner. Other goals of the 
study are to accelerate leak identification and repair, learn the nature and cause of leaks, measure how long leaks take to surface, and 
learn how much water can be saved by aggressive leak detection methods.
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table 6-6 Water Conservation researCh aCtivities ContinUed

aqUedUCt leak deteCtion ProjeCt
With partial funding from a USBR grant, EBMUD is demonstrating the use of specialized water leak detection equipment on large 
pipelines and aqueducts where traditional equipment does not work. EBMUD tested three different acoustic technologies on the same 
and similar pipelines and compared the benefits and weaknesses of each method. One technology deemed to be more cost-effective 
was selected for a second phase inspection on a larger number of pipelines. During the study, approximately 86 miles were surveyed, 
and numerous leaks were identified. The technology was also used as a method to help inform pipeline condition assessment and 
prioritize pipe replacements and repair strategies.

fiXed netWork leak deteCtion ProjeCt
With partial funding from a USBR grant, EBMUD is demonstrating the use of leak detection technology utilizing remote sensors that 
can detect leaks in pipelines and can then report the information to EBMUD without requiring a field visit. This project is expected to 
monitor approximately 20 miles of pipeline in the same area as an Advanced Metering Infrastructure Pilot and may use the same 
telemetry equipment.

WatersMart advanCed Metering infrastrUCtUre (aMi) Pilot
With partial funding from the USBR and DWR grants, EBMUD is investigating the conservation potential of using AMI technology in 
conjunction with a web interface. The WaterSmart Toolbox web interface allows customer to monitor their yearly, monthly, daily, and 
even hourly water usage on a user-friendly web interface. The toolbox also provides corresponding weather information, can send 
users emails when they have leaks or exceed user-defined water budgets, and also offers friendly tips on ways to save water. Aside 
from saving water directly, the goal of the study is to better define the conservation of this technology for future use and to optimize 
savings and customer services.

CoMbined aMi and et Controller ProjeCt
With partial funding from the USBR, EBMUD is investigating the use of Evaporation (ET) Controller technology with customers that 
have the WaterSmart Toolbox and AMI technology. These users will be better able to ascertain the performance of their ET technology 
and hopefully improve the savings potential of both technologies.

systeM oPerations revieW and aMi iMPleMentation Plan
With partial funding from the USBR, EBMUD is conducting a review of its system performance and water losses, identifying ways to 
optimize this performance, and reducing overall leakage. The potential benefits of using an AMI system to optimize the system will be 
studied. The project will then identify the best way to implement this AMI technology to maximize system performance as well as 
meter reading processes.

American Water Works Association Research Foundation 
on the efficacy of water budget-based rate structures as a 
tool to provide a meaningful price signal to increase water 
use efficiency and manage drought response.

Table 6-6 lists research projects that EBMUD is currently 
pursuing. A comprehensive list of EBMUD Research 
Projects is included in Appendix I-2.

regUlatory PrograMs 
EBMUD’s Water Service Regulations include a number of 
water-efficiency requirements to enhance supply reliability. 
A number of these regulations govern all water use.

Water-Efficiency Requirements
In 2007, EBMUD adopted a new water service regulation, 
Section 31 (Appendix F), that identifies water-efficiency 
requirements for water service and a procedure for 
notifying applicants that water-efficiency measures are 

required. Water service shall not be furnished to any 
applicant for new or expanded service unless all the 
applicable water-efficiency measures described in this 
regulation are installed at the applicant’s expense. 
Applicants for expanded service may be required to 
retrofit existing water service facilities or uses to comply 
with these requirements. Applicants are required to 
maintain design documents and construction and 
installation records and furnish a copy of said documents 
and records to EBMUD upon request. EBMUD may inspect 
the installation of water-efficiency measures to verify that 
the items are installed and performing to the required 
water use levels.

EBMUD has also adopted a new water service regulation 
on applying for service, Section 2 (Appendix F), affecting 
multi-family and multi-space commercial/ industrial 
developments of three stories or less in height. Effective 
January 1, 2009, the new regulation requires a developer to 
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table 6-7 distribUtion Water losses and raW Water losses aCCoUnting

distribUtion Water losses aPParent losses UnaUthorized ConsUMPtion
  e.g. theft – illegal taPs, UnaUthorized fire hydrant Use (UnMetered
  ConstrUCtion CreWs, illegal hydrant oPenings)                                                

  CUstoMer Metering inaCCUraCies e.g. Meter error adjUstMents                           

  systeMatiC data handling errors
  e.g. errors that oCCUr anyWhere froM the tiMe the Meter reading is
  registered to the final rePorting and Use of the ConsUMPtion data                 

 real losses leakage on Mains
  e.g. transMission and distribUtion PiPeline leakage and breaks                         

  leakage and overfloWs at storages
  e.g. losses froM oPen-CUt reservoirs, storage tanks, and terMinal
  storage reservoirs                                                                                                     

  leakage on serviCe ConneCtions UP to CUstoMer Metering
  e.g. losses on laterals froM distriCt Main to CUstoMer Meter                           

raW Water losses aPParent losses UnaUthorized Use                                                                                                       

  Metering inaCCUraCies e.g. Meter error adjUstMents                                                                

 real losses leakage on aqUedUCts and raW Water PiPelines
  e.g. aqUedUCt leakage and breaks, real losses in the Water
  treatMent Plants                                                                                                          

  leakage at Water treatMent Plants
  e.g. real losses at the Water treatMent Plants                  

NOTE:
Components adopted from American Water Works Association (AWWA) and International Water Association Audit Components.

plumb every unit or space so that it can be individually 
metered by EBMUD at an approved metering site. EBMUD 
will require individual metering of each separate unit in a 
structure of three stories or less in height, whenever it is 
feasible in the opinion of EBMUD to do so. Individual 
metering of each unit or space would be required 
regardless of their number in the structure or how the hot 
water is supplied. For example, if the hot water to each 
apartment or commercial space is supplied by a common 
boiler, then the cold water supply for each unit must be 
metered by EBMUD at the approved metering site and the 
hot water will be metered separately as a “house” or 
landlord meter. 

Landscape Plan Review 
EBMUD’s services complement the DWR’s 2009 Updated 
Model Water Effi cient Landscape Ordinance, which is 
codifi ed in Title 23 of the California Code of Regulations 
(Sections 490-495) and required by the Water 
Conservation in Landscaping Act. From 1995-2000, 
EBMUD has offered voluntary plan review for non-
residential new construction projects at the time new 
service connections are requested. All projects with new 
service connections of three inches or larger were 
encouraged to submit plans to the Water Conservation 

Division for review and comment. Since 2007, as part of its 
review and approval of proposed new water service to 
landscape projects, EBMUD determines compliance with 
water-effi ciency requirements, such as minimized 
overspray and run-off, appropriate use and groupings of 
plants, and required automatic irrigation systems and 
schedules.

EBMUD works with cities and counties within its water 
service area to support local and state landscape 
ordinances through landscape plan review requirements 
and services for all new water service accounts. EBMUD 
also provides voluntary plan review for existing 
customers upon request. All plans are reviewed for 
irrigation system effi ciency and scheduling, if provided, 
and for plant selection and planting design. Comments 
are returned to the jurisdiction that submitted the plan for 
EBMUD’s review.

sUPPly-side Conservation
distribUtion and raW
Water systeM loss aCCoUnting
EBMUD’s water distribution system includes approximately 
4,100 miles of pipe. EBMUD implements best practices to 
manage water losses for the supply-side of the distribution 
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and raw water systems. Modeled after the American Water 
Works Association (AWWA) Water Audits standards, 
EBMUD has a protocol for identifying and assessing water 
losses. The supply-side management program is integral to 
operating and maintaining the water system and is critical 
to ensuring efficient management of EBMUD’s limited 
water supply. A standardized procedure to account for all 
losses in the distribution and raw water systems helps 
EBMUD understand the nature of those water losses such 
that it can take appropriate action to reduce them. EBMUD 
has also identified and made staff accountable for 
measuring, collecting, assessing, retrieving, validating, and 
reporting data on District water supply losses.

The difference between the volume of water produced at 
the treatment plants (also called Distribution System Input) 
and the sum of all billed and unbilled authorized 
consumption (also called Authorized Consumption) is 
termed Distribution Water Losses. Distribution Water 
Losses consist of all apparent losses and all real losses in 
the distribution system. Apparent losses are the total losses 
of treated water from unauthorized consumption (theft), 
inaccuracies associated with customer metering, and 
systematic data handling errors. All real losses are the total 
physical losses of treated water from storage system 
overflows or draining, main and service line breaks, and 
background leakages. EBMUD’s Distribution Water Losses 
from 2001-2010 are around 11 percent.

Raw water losses consist of apparent losses and real losses 
in the raw water system. Raw water apparent losses are the 
total losses of raw water due to raw water meter errors, 
unauthorized use from theft, and transmission line blow-
offs and flushings. Raw water real losses are the total 
physical losses of raw water that include overflows and 
leakage up to and at the water treatment plants, such as 
leaks and breaks from aqueducts, transmission lines, or 
other parts of the raw water distribution system, and water 
treatment plant losses. Table 6-7 summarizes several 
examples of both distribution water losses and raw water 
losses.

Distribution water losses and raw water losses are part of 
non-revenue water. The benefits of managing and 
minimizing non-revenue water include:

■ reducing demand on scarce water supplies and 
minimizing the need to develop an additional supply;

■ reducing water and revenue losses;

■ reducing pumping and treatment costs;

■ increasing knowledge of the distribution system; and

■ reducing property damage through improved 
maintenance.

leak deteCtion
EBMUD controls water loss using a variety of efforts. The 
first is to identify the magnitude and source of that loss. 
The second is to review accuracy of meters used to 
measure system inflow and outflow. The third is to develop 
an appropriate leak detection program. The fourth is to 
have a reasonable program to respond to identified leaks. 
The final step is a pipe replacement program that helps to 
ensure a tight distribution system. Techniques used to 
locate leaks include visual inspections, sonic leak 
detection (in both the pipe and externally connected 
devices), and customer reports. EBMUD crews are 
equipped with electronic sound detection equipment to 
routinely detect leaks in the field. 

EBMUD is conducting two pilot projects looking at new 
and developing technology in distribution pipeline leak 
detection. These projects will find leaks in pipelines and 
allow EBMUD to fix them before water is seen on the 
street. Both of these projects identify leaks using acoustic 
technology that recognizes the sound made by a small 
leak in a pipeline. One project tests the performance with 
sonic probes placed on the inside of large pipelines or 
hydrophones connected to available taps (such as 
hydrants and air valves) on the pipelines while water is 
flowing through them. The second project tests the 
performance with sonic probes placed at fixed locations 
on the outside of smaller pipelines instead. The pilot 
studies are partially funded with grants from the USBR. 
Field work was completed in 2010, and the final reports are 
anticipated to be completed in 2011.

PiPe rePlaCeMent
Many conditions affect the rate of deterioration of 
pipelines in the distribution system, including pipe type 
and size, soil conditions, and ground movement. As a 
result of systematic replacement of the most troublesome 
pipes in the system, use of cathodic protection, and 
improved leak detection methods, the system has a 
relatively stable leak rate where the rate of overall system 
deterioration has been stabilized to minimize impacts over 
time. The Pipeline Replacement Program identifies 
potential main failures and renews those pipelines in need 
of replacement based on maintenance histories and leak 
records.
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neW bMP Category 

a. Utility oPerations PrograMs

 1.1 oPerations PraCtiCes

 

 1.2 Water loss Control

 1.3 Metering With CoMModity rates for all neW
 ConneCtions and retrofit of eXisting ConneCtions

 1.4 retail Conservation PriCing

b. edUCation PrograMs

 2.1 PUbliC inforMation PrograMs

 2.2 sChool edUCation PrograMs

neW bMP Category 

a. residential

b. CoMMerCial, indUstrial, and institUtional

C. landsCaPe

old bMP naMe

Wholesale agenCy assistanCe PrograM (n/a)

Conservation Coordinator (ebMUd staffs and Maintains the 
Position of Water Conservation Coordinator.)

Water Waste Prohibition

systeM Water aUdits, leak deteCtion and rePair

Metering With CoMModity rates for all neW ConneCtions and 
retrofit of eXisting ConneCtions (all serviCe ConneCtions Within 
ebMUd serviCe area are Metered.)

Conservation PriCing (ebMUd Maintains rate strUCtUre Consistent 
With bMP’s definition of Conservation)

PUbliC inforMation PrograMs

sChool edUCation PrograMs

old bMP naMe

Water sUrvey PrograMs for single-faMily and MUlti-faMily 
residential CUstoMers

residential PlUMbing retrofit

high-effiCienCy Clothes Washing MaChine finanCial inCentive 
PrograMs

residential Ulft rePlaCeMent PrograMs

Conservation PrograMs for CoMMerCial, indUstrial, and 
institUtional (Cii) aCCoUnts sChool edUCation PrograMs

large landsCaPe Conservation PrograMs and inCentives

 foUndational and PrograMMatiC bMPs
table 6-8  foUndational bMPs - bMPs Considered to be essential Water Conservation aCtivities.

 
PrograMMatiC bMPs - bMPs that ProMote neW initiatives in Water Conservation.

Corrosion Control
EBMUD’s corrosion control program has been active since 
its inception in 1923. The corrosion control program 
extends the useful life of EBMUD pipelines by installing 
and upgrading cathodic protection systems. The program, 
covering the Mokelumne Aqueducts and distribution 
piping and facilities, effectively reduces corrosion and 
related deterioration of EBMUD’s infrastructure, resulting 
in substantial leak reduction and reduced loss of water. 
The Mokelumne Aqueduct pipelines have an extensive 
corrosion control system with 44 individual impressed 
current cathodic protection systems and approximately 
650 test locations to monitor the levels of corrosion 
control. The distribution system pipelines are protected 
from corrosion by 155 impressed current cathodic 
protection stations and over 1,300 galvanic anode stations. 
These systems are continually monitored to ensure proper 
operation. This program has resulted in a continual 
reduction in leaks on both cast iron and steel pipes. 

Internal corrosion in these pipelines is controlled with lime 
additions to the water system to raise pH levels. Designs for 
all structures are carefully reviewed to select proper 
coatings, materials, and other corrosion control measures 
to maximize the life of EBMUD facilities and pipelines.

best ManageMent PraCtiCes
EBMUD is a founding author of the “Memorandum of 
Understanding Regarding Urban Water Conservation in 
California” (MOU), administered by the California Urban 
Water Conservation Council (CUWCC) and fi rst adopted 
September 1991 and last amended June 2010. As a long-
standing member of the CUWCC, EBMUD has remained in 
compliance with the MOU in the implementation of water 
conservation Best Management Practices (BMPs). A BMP is 
a policy, program, practice, rule, regulation or ordinance, 
or the use of devices, equipment, or facilities that results in 
the effi cient use or conservation of water as an established 
and generally accepted practice among water suppliers.



6-23

UWMP 2010: ChaPter 6 — Water Conservation ■

The Council’s 14 BMPs instituted before the 2010 MOU 
amendment are now organized into five new categories. 
Two categories, Utility Operations and Education, are 
“Foundational BMPs”. The remaining three categories, 1) 
Residential, 2) Commercial, Industrial, and Institutional 
(CII), and 3) Landscape, are “Programmatic BMPs”. 
Foundational BMPs are further divided into sub-categories. 
Conservation practices which currently meet the definition 
of a BMP, as per the MOU are listed in Table 6-8, are 
discussed in this Plan.

EBMUD currently implements all of the identified BMPs as 
well as a number of additional conservation measures that 
go beyond the BMPs. EBMUD’s compliance with the 2009 
and 2010 Urban Water Conservation MOU coverage 
requirements for programmatic BMP implementation is 
presented in a tabular format in Appendix I-1. On-going 
upgrades to the CUWCC reporting database preclude the 
use of the CUWCC reporting format. Overall, EBMUD has 
self-certified that its water conservation achievements to 
date are on-track, ahead of schedule or have reached 100% 
completion for all established BMP, Flex Trak or GPCD 
coverage requirements.

Conservation in the fUtUre
Water conservation is a central component of EBMUD’s 
long-term water supply planning efforts which seek to 
address issues that impact the reliability of EBMUD’s water 
supply now and in the future. EBMUD is committed to 
continue investing in water conservation programs to meet 
EBMUD’s water conservation goals, to provide a reliable 
water supply, and to help meet the statewide per capita 
water use reduction goals of SBx7-7. Developed as part of 
the implementation plan with water recycling efforts for 
compliance with SBx7-7, the WCMP outlines the various 
conservation programs that will assure EBMUD achieves 
its water use targets.

Looking at water demand and supply projections, the 
contribution of conservation to water supply is evident. 
Conservation and water recycling are expected to account 
for 26 percent of projected demand not met by 
Mokelumne River, Freeport Regional Water Project, and 
Bayside supplies. In normal rainfall years, conservation 
will play an important role in the future reliability of 
supply and will reduce the frequency of shortages. A 
further discussion on projected water supply is presented 
in Chapter 4 and Figure 4-10.
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2. The Plan

2.1 WSMP 2040 Planning Objectives

EBMUD is updating its 1993 Water Supply Management Program 
(WSMP), which identifi ed projects that could be implemented to 
meet projected water demands through 2020. The WSMP 2040 
estimates water supply needs to the year 2040, and proposes a 
program of policy and project initiatives to meet those needs.  

EBMUD’s water supplies are estimated to be suffi cient during the 
planning period (2010-2040) in normal and wet years. The primary 
purpose of WSMP 2040 is to identify and recommend solutions 
to meet dry-year water needs through the year 2040. Increased 
water demand through 2040 by the other water agencies that rely 
on the Mokelumne Basin for their supply, expected growth within 
EBMUD’s own service area, and the potential impact(s) climate 
change could have on river fl ow and customer demand means that 
EBMUD cannot completely rely upon stored water in its reservoirs 
under drought conditions in the future. Thus, the WSMP 2040 was 
developed to counteract future dry-year water supply shortages 
that are likely to occur more frequently. 

The planning objectives of the WSMP 2040, as developed by 
the EBMUD Board of Directors, address the Program’s ability 
to provide fl exibility and reliability, minimize environmental and 
socioeconomic effects, and minimize overall costs to EBMUD 
customers. These objectives provide the basis for the policies and 
facility development/improvement projects included in the WSMP 
2040. The WSMP 2040 planning objectives are organized under 
four categories. (See Table 2-1).

Operations, Engineering, Legal and Institutional address water 
supply reliability, utilization of the District’s current water right 
entitlements, and the development of regional solutions. 

The planning objectives of the 
WSMP 2040, as developed by the 
EBMUD Board of Directors, address 
the Program’s ability to provide 
fl exibility and reliability, minimize 
environmental and socioeconomic 
effects, and minimize overall costs 
to the customers.

Table 2-1  WSMP 2040 
Planning Objectives

Operations, Engineering,
Legal & Institutional

Provide water supply 
reliability.

Utilize current water right 
entitlements.

Promote District involvement 
in regional solutions.

Economic

Minimize cost to District 
customers.

Minimize drought impact to 
District customers.

Maximize positive impact 
to local economy.

Public Health, Safety & 
Community

Ensure the high quality of 
the District’s water supply.

Minimize adverse socio-
cultural impacts  (including 
environmental justice).

Minimize risks to public 
health and safety.

Maximize security of infra-
structure and water supply.

Environmental

Preserve and protect the 
environment for future 
generations.

Preserve and protect 
biological resources.

Minimize carbon footprint.

Promote recreational 
opportunities.

WSMP 2040  2-1
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The Economic objectives address both the cost 
of water supply and water cutbacks as borne by 
District customers, and maximizing the positive 
impact of water supply portfolios on the local 
economy (through jobs). 

The Public Health, Safety, and Community 
objectives address the need to ensure that 
the District’s high quality water is maintained, 
that adverse sociocultural impacts and risks to 
public health and safety are minimized and that 
the security of the District’s water supply and 
infrastructure is maximized. 

The Environmental objectives address the 
District’s interest in sustainable solutions that 
preserve and protect the environment for future 
generations, protection of biological resources, 
minimizing carbon footprint and contributions to 
global climate change, and the continuation and 
promotion of recreational opportunities. 

2.2 The Process

The development of the WSMP 2040 Portfolio 
and Primary water supply portfolios required 
detailed evaluation of a wide range of potential 
dry-year water supply solutions. The develop-
ment of water supply portfolios was a robust 
and detailed evaluation of a wide range of 
potential water supply solutions. The building 
blocks of the proposed WSMP 2040 portfolios 
are “components” consisting of various rationing 
policies, conservation levels (and conservation 
elements/programs that reside in the particular 
levels), recycled water program levels (and proj-
ect components that reside in particular levels), 
and a range of supplemental supply options. 
The individual components are described in 
detail in Section 6.1 as well as Appendix B. 

When components are combined into a set of 
interrelated actions, the set of actions is referred 
to as a “portfolio.” A thematic approach was 
used to develop the portfolios to emphasize one 

or more of the planning objectives (see Table 
2-1) and respond positively to meeting the 
screening criteria. Preliminary portfolios were 
presented to the EBMUD Board of Directors as 
well as the Community Liaison Committee and 
refi nements were made resulting in a total of 14 
preliminary portfolios. 

The 14 portfolios were tested using a water 
supply model to:

 Ascertain operational feasibility and the 
volume of water delivered during the 
worst-case drought;

 Determine the frequency and severity of 
required rationing, and the potential cost 
of such rationing to customers in the 
EBMUD service area; and

 Calculate the capital, operating and 
maintenance costs to the District. 

An exclusion criteria evaluation provided the 
“fatal fl aw” analysis; either a portfolio does or 
does not meet the criterion. 

Any portfolio that did not meet any one 
exclusion criteria failed to meet the planning 
objectives and was held from further study. 

The Community Liaison Committee, which is made up 
of 19 community representatives, met eight times during 
the two-year planning period to provide feedback on the 
process. All meetings were open to the public.
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Table 2-2   Exclusion and Evaluation Criteria

Operations, Engineering, Legal & 
Institutional Criteria
1. Provide Water Supply Reliability

Exclusion Criteria
• Must be technically feasible using proven technology. 
• Must meet projected water demands through 2040.  
• Must meet demand during the District’s Drought Planning Sequence.  
• Must not be located in areas of unmitigable geologic, hydrologic or toxic/

hazardous materials hazards.  
Evaluation Criteria

• Minimize the vulnerability & risk of disruptions. 
• Minimize disruptions in water service during construction.  
• Maximize the system’s operational fl exibility to respond to change.
• Maximize implementation fl exibility to respond to change.
• Minimize the institutional & legal complexities & barriers.

2. Utilize current water right entitlements

Exclusion Criteria
• Must meet all existing & anticipated water rights permit & license condi-

tions, all dam & reservoir operating permit conditions, including releases 
for instream & downstream users.  
Evaluation Criteria

• Optimize use of existing water right entitlements.  
3. Promote District involvement in regional solutions

Evaluation Criteria
• Maximize partnerships & regional solutions.

Economic Planning Criteria

1. Minimize cost to District customers

Evaluation Criteria
• Maximize use of lowest cost water supply options.
• Minimize the fi nancial cost to the District of meeting customer demands 

for given level of system reliability.
2. Minimize drought impact to customers

Exclusion Criteria
• Must not result in average annual customer shortages exceeding 25% of 

demand for District design drought. 
Evaluation Criteria

• Minimize customer water shortage costs & District supply augmentation costs.
3. Maximize positive impact to local economy

Evaluation Criteria
• Maximize local water supply options.

Public Health, Safety, & Community Criteria
1. Ensure the high quality of the District’s water supply

Exclusion Criteria
• Must ensure that the District’s potable water will be able to meet existing 

& future state & federal primary & secondary drinking water quality 
standards.  

• Must ensure that the District’s non-potable water will be of suitable 
quality for District use.  
Evaluation Criteria

• Minimize potential adverse impacts to the public health of District 
customers.

• Maximize use of water from the best available source.  
2. Minimize adverse sociocultural impacts
3. Minimize risks to public health & safety

Evaluation Criteria
• Minimize disproportionate public health or economic impact to minority 

or low-income populations (environmental justice).  
• Minimize adverse impacts to cultural resources, including important 

archaeological, historical, & other cultural sites.  
• Minimize short-term community impacts.  
• Minimize long-term adverse community impacts (e.g., aesthetics, noise, 

air quality). 
• Minimize adverse social effects (e.g., impacts to community character, 

social cohesion, community features). 
• Minimize confl icts with existing & planned facilities, utilities & transporta-

tion facilities.  
4. Maximize security of infrastructure & water supply

Evaluation Criteria
• Minimize the risk of death or injury from the failure of a program 

component in an earthquake or fl ood or from other causes. 
• Maximize the protection of supply sources & associated infrastructure.  

Environmental Criteria
1. Preserve & protect the environment for future generations

Evaluation Criteria
• Minimize adverse impacts on the environment (including land, air, water, 

minerals, fl ora, fauna, noise, & aesthetics).
• Minimize construction & operation effects on environmentally sensitive 

resources.
• Maximize long-term sustainability by applying best management & 

sustainability principles.
2. Preserve & protect biological resources

Exclusion Criteria
• Must not cause a net loss of wetlands & riparian habitat. 

Evaluation Criteria
• Maintain populations or known habitat of state or federally listed plant or wildlife 

species at or above sustaining levels. 
• Minimize the reduction of riverine habitat of state or federally listed fi sh species 

& must not cause a net loss of spawning or rearing habitat of native anadromous 
fi sh species. 

• Minimize impacts to wetlands, their values, & other jurisdictional waters of the 
United States.

• Minimize habitat loss for sensitive & native plant & wildlife species, pristine 
areas & special habitat features.

• Minimize adverse affects to native fi sh & other native aquatic organisms.
• Maximize benefi ts to fi sh, including natural production of anadromous fi sh.
• Maximize the likelihood of meeting federal & state ambient water quality 

standards to protect natural resources.
• Minimize alterations to water fl ow in waterways & reservoirs/lakes that would 

have an adverse impact on biological resources.
3. Minimize carbon footprint

Evaluation Criteria
• Minimize short term & long term greenhouse gas emissions from construction 

(e.g., raw material & waste transportation, construction equipment use, site 
deforestation, carbon emissions from cement production).

• Maximize energy effi ciency associated with operations & maintenance. 
• Maximize CO2-effi cient & renewable energy use. 
• Maximize contributions to AB 32 goals.

4. Promote recreational opportunities

Evaluation Criteria
• Minimize adverse impacts to recreation resources, designated parklands, 

designated wilderness areas, or lands permanently dedicated to open space, 
particularly rare opportunities & ADA access that are not found in other parts of 
the region. 

• Provide recreational benefi ts.  
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Two exclusion “Need for Water” screening criteria, Meet pro-
jected water demands through 2040, and Meet demand during 
the District’s Drought Planning Sequence, were applied to the 
14 portfolios. Two of the portfolios – Portfolio #1 “Low Customer 
Impact” and Portfolio #2 “Flexibility to Respond to Future Extended 
Drought or Climate Change” -- failed to meet the Need for Water 
criteria due to timing constraints under which the components 
were able to come online, and thus failed to satisfy the project 
objectives. In addition, these two portfolios were not able to 
meet the capacity limitations as present in EBMUD’s Mokelumne 
Aqueducts and the District’s East Bay water treatment plants. 

The remaining twelve portfolios were then subject to more 
detailed evaluation criteria to compare and array each for their 
relative satisfaction of the criterion related to the WSMP 2040 
planning objectives. Following this evaluation, it was found that 
while distinct themes were established, several of the portfolios 
included primarily the same components. These portfolios were 
consolidated into at the time most promising portfolios and the 
water supply model and the evaluation criteria were re-applied to 
these newly-constructed portfolios. From this subgroup, fi ve port-
folios were shown to be of most promise. Each of these Primary 
Portfolios was designed to satisfy the Need for Water and has a 
cornerstone component that it is based around. These fi ve Primary 
Portfolios were identifi ed as A, B, C, D and E and carried forward 
for additional analysis. 

Components

Evaluation 
with Criteria and 

Water Supply Model

14 Preliminary Portfolios

5 Primary Portfolios &
Preferred Portfolio

Portfolio 
Building Process

Evaluation

EIR

Figure 2-1 

Evaluation 
Summary of 
14 Preliminary 
Portfolios 
shows which of 
the 14 Prelimi-
nary Portfolios 
were carried 
forward after 
the evaluation 
process. 

A larger 
image and 
more detail 
about each 
portfolio is 
provided in 
Chapter 6.
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The Primary Portfolios were also modeled in 
the water supply model and scored against 
the evaluation criteria. Through this process, 
the advantages and disadvantages of the fi ve 
Primary Portfolios were identifi ed. For example, 
Portfolio B scored high on reliability and 
maximizing partnerships, but low on minimizing 
institutional and legal complexities. Portfolio C 
performed well in terms of reliability, but low 
on public health, safety, and community, and 
environmental criteria. None of the Primary 
Portfolios was clearly ideal or optimum and all 
had advantages and disadvantages. Results 
from the screening and modeling of the fi ve 
Primary Portfolios indicated that each of the 
portfolios had strengths as well as weaknesses 
and assisted in development of the WSMP 
2040 Portfolio, as described in Section 2.3. On 
April 24, 2012, the EBMUD Board removed 
the Enlarge Pardee Reservoir component and 
added the 160 TAF Expand Los Vaqueros Res-
ervoir component to the WSMP 2040 Portfolio.

2.3 The Plan

The WSMP 2040 Portfolio is designed to be 
robust, fl exible, diverse, and to pursue projects 
on multiple, parallel tracks in order to respond 
fl exibly to an uncertain water future. This fl exibil-
ity is particularly important, given the mix of sup-
plemental supply and recycled water projects 
proposed in the WSMP 2040 (see Table 2-3). 
Such projects take considerable time to develop 
(plan, design, permit and construct). The broad 
mix of projects, the inherent scalability present 
in several of the elements, and the ability to 
adjust implementation schedules for a particular 
project or program included in WSMP 2040 help 
to minimize the risks associated with the uncer-
tainties and development time issues identifi ed 
above. 

 Robust: A robust plan in an uncertain 
future (e.g., global climate change). 

 Parallel Tracks: Pursue multiple, 
parallel project components. 

 Flexible: Diverse & fl exible strategy.

Figure 2-2 Summary of 5 Primary Portfolios shows the 5 Primary Portfolios and their components. A larger image 
and more detail about each portfolio is provided in Chapter 6.

Note: On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component and added the 160 TAF 
Expand Los Vaqueros Reservoir component to the WSMP 2040 Portfolio.
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2.3.1 Guidance on the WSMP 2040 Portfolio
from the Board

Table 2-3 summarizes the guidance received from EBMUD’s 
Board of Directors at the June 24, 2008 Board Workshop #9 
on the rationing level, conservation level and level of recycled 
water as well as specifi c supplemental supply components.

The EBMUD Board of Directors provided guidance on a 
maximum rationing level of 10% to allow the District fl exibility 
in an emergency or to respond to the many unknown factors in 
the future. Guidance was also provided on maximum levels of 
conservation (39 million gallons per day (MGD)) and recycled 
water (11 MGD) to maintain the District’s current aggressive 
policies for overall demand management. The combination of 
these rationing, conservation, and recycled water levels will 
satisfy the increased demand through 2040; however, supple-
mental supply components will also be needed to keep ration-
ing at a lower level and to meet the 
Need for Water in drought years.

Table 2-3 

Summary of Guidance on the 
WSMP 2040 Portfolio from the 

Board

A rationing level of 10% (amended to 
“up to 15%” on October 27, 2009).

Conservation Level D (39 MGD) and 
Recycled Water Level 3 (11 MGD). 

Several supplemental supply compo-
nents remain in consideration to meet 
the Need for Water (that is not met 
through rationing, conservation and 
recycling).  

Supplemental supply projects would 
be pursued on parallel tracks in the 
event that one or more projects is not 
able to produce the expected dry-year 
yield.  Projects include:

• Water Transfers (to meet the 
initial Need for Water);

• Bayside Groundwater Project 
Phase 2;

• Sacramento Basin Groundwater 
Banking / Exchange; 

• Regional Desalination; 

• Expand Los Vaqueros Reservoir 
(added on April 24, 2012); 

• Enlarge Lower Bear Reservoir; 
and

• San Joaquin Basin Groundwater 
Banking / Exchange.

* Enlarge Pardee Reservoir (removed 
on April 24, 2012)

Role of Conservation & Rationing 

Current Customer Conservation   22.5 MGD/yr

Current Recycling        9 MGD/yr

WSMP 2040 Future Planned 
Customer Conservation    39 MGD/yr

WSMP 2040 Dry-Year 
Customer Rationing    Up to 15%

WSMP 2040 Future Planned
Recycled Water     11MGD/yr

Total Customer Cutback 
In Usage Under 2040 Plan   

33 %
of Gross 2040 

Demand

The WSMP 2040 Portfolio approaches EBMUD’s 2040 water 
supply reliability needs with a fl exible program that:

• Meets projected growth in customer demand through 
aggressive water conservation and recycled water 
development; and

• Lowers customer rationing burdens during an extended 
drought signifi cantly from the District’s WSMP 2040 
objectives through development of new supplemental water 
supply initiatives.
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On October 13, 2009, the EBMUD Board of 
Directors passed a resolution adopting the 
WSMP 2040 Plan. On October 27, 2009, the 
Board of Directors amended the WSMP 2040 
Plan by authorizing a slightly modifi ed ration-
ing approach. As amended, instead of a target 
rationing level of 10% during the Drought Plan-
ning Sequence, the Board selected “Rationing 
of up to 15%.” That adjustment has been 
refl ected in pages of this WSMP Plan where 
applicable.

The supplemental supply components included 
in Table 2-4 have subsequently been revised 
to include the 160 TAF Expand Los Vaqueros 
Reservoir component and remove the Enlarge 
Pardee Reservoir component from the WSMP 
2040 Portfolio.

Table 2-4: WSMP 2040 Portfolio Components

Component Comments

Up to 15% Rationing Impose as needed throughout the planning period1

Conservation Level D (39 MGD) Pursue throughout the planning period beginning in 2010

Recycled Water Level 3 (11 MGD) Pursue throughout the planning period

Northern California 
Water Transfers 

Pursue beginning in 2010 and use as needed to meet the Need for 
Water as other supplemental supply projects are being developed

Bayside Groundwater 
Project Phase 2

Pursue beginning in 2015

Sacramento Basin Groundwater 
Banking / Exchange

Pursue beginning in 2025

Regional Desalination

Pursue throughout the planning period and use as needed to meet 
Need for Water as other supplemental supply projects are being 
developed

Expand Los Vaqueros Reservoir

Enlarge Lower Bear Reservoir

San Joaquin Basin Groundwater Bank-
ing / Exchange 

1 The WSMP 2040 Portfolio establishes a drought rationing policy.

2.3.2 WSMP 2040 Portfolio Components

Based on the Board’s guidance, the WSMP 
2040 Portfolio proposes rationing of up to 15% 
as the policy to be enacted (as part of the 
designated Drought Planning Sequence) and 
assumes that EBMUD will successfully carry out 
a number of the water conservation, recycled 
water, and supplemental supply initiatives (that 
are also part of the WSMP 2040 Portfolio) within 
the WSMP 2040 planning horizon. 

The WSMP 2040 Portfolio will include the 
following rationing, conservation, and recycled 
water levels and may contain the supplemental 
supply components listed in Table 2-4 and 
displayed in Figure 2-3.
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As a practical matter, EBMUD may be unable 
to reduce rationing to the WSMP 2040 Portfolio 
level until it develops additional dry-year supple-
mental water supplies. As new supplemental 
supplies are secured, EBMUD will be able to 
gradually reduce the amount of rationing it 
imposes upon its customers. To the extent that 
uncertainties impede attainment of supple-
mental supplies, higher rationing restrictions 
may be imposed in a specifi c drought event. 
The benefi t of targeting up to 15% rationing in 
WSMP 2040 is that it preserves the fl exibility 
to increase rationing to higher levels as one of 
several responses to dry year conditions that 
may occur before supplemental supplies are 
made adequate.

If uncertainties such as the adverse effects 
of global climate change and decreased 

Figure 2-3 Revised WSMP 2040 Portfolio Components                                                                                                                

availability of water in the Mokelumne and 
Sacramento River systems impede attainment 
of these supplies, higher rationing restrictions 
may be imposed in a specifi c drought event. 
The amount of water needed by 2040 to meet 
projected demands based on a rationing level of 
10%, 15%, 20%, and 25% that were considered 
in the WSMP 2040 planning process, is shown 
in Chapter 4.

2.3.3 Implementation of the WSMP 2040 
Portfolio 

EBMUD’s approach to carrying out the WSMP 
2040 Portfolio is to develop the supplemental 
water supply components that are most feasible 
and environmentally responsible according to 
the circumstances that arise during the 2010-
2040 planning period. 
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As noted previously, many of these circum-
stances—funding availability, political will 
and success, legal and institutional hurdles, 
and resolution of technical issues—cannot be 
predicted with certainty. The success of one 
project could result in delaying the need for an 
additional supplemental supply project over the 
course of the planning period. Conversely, were 
a project to encounter a development hurdle 
that prevents its advancement, an alternative 
would need to be found. The District’s supple-
mental water project planning response must 
remain fl exible in order to respond to these 
unknown future implementation challenges. 

The WSMP 2040 Portfolio strategy is not to 
focus on one scenario, but rather to be open 
and fl exible to pursue different components 
based on which are the most feasible for 
implementation. An example implementation 
scenario was developed to provide a meaning-
ful comparison with the Primary Portfolios and 
to illustrate how the WSMP 2040 Portfolio could 
be accomplished. Figure 2-4, which was pre-
sented in the 2009 WSMP 2040, summarizes 
one example scenario and the order in which 
components could be pursued throughout the 
planning period.1 Figure 2-5 summarizes a 
revised example scenario that was developed 
following the legal challenge of the WSMP 2040 
PEIR.

In this revised example scenario, EBMUD would 
secure short-term Northern California Water 
Transfers early in the planning period to allow 
adequate time for conservation, recycled water, 
and other supplemental supply components to 
be developed. The example scenario assumes 
that the 160 TAF Expand Los Vaqueros Reser-
voir component would be completed by 2020, 
the Bayside Groundwater Project Phase 2 
component would be completed by 2030, and 

the Sacramento Basin Groundwater Banking / 
Exchange and Regional Desalination compo-
nents would be completed by 2040 as needed 
depending on the yields achieved, partnership 
opportunities, funding, and refi nements in the 
Need for Water. 

Alternately, an implementation scenario could 
also be described where Regional Desalination 
gains traction and is able to be implemented 
by 2020, thereby pushing out the need for 
implementation of other supplemental supply 
components into the future. Likewise, if any other 
component gains traction, it could be accelerated 
while other components would be delayed.

Aggressive pursuit of recycled water projects 
and conservation will serve to offset the need 
for supplemental supply projects; however, 
additional projects will still be required to achieve 
85% or greater water supply reliability (with up to 
15% rationing). High levels of conservation and 
recycled water will take pressure off of the Moke-
lumne River, providing continued opportunity 
to provide downstream releases and preserve 
and enhance aquatic habitat and recreation 
opportunities on the Mokelumne River. This 
fl exible strategy for water management planning 
will allow the District to adapt to unknown future 
conditions including global climate change, 
pursue the components that are gaining the most 
traction, and respond to emergency conditions.

2.3.4 Modeling of the WSMP 2040      
Portfolio

A water supply model was developed as a tool 
to assess the performance of EBMUD’s water 
system under different hydrologic conditions 
and future supply and demand scenarios. This 
model was used to evaluate the performance of 
the portfolios in meeting the Need for Water and 
to estimate the cost of each portfolio.

1 The example scenario from the 2009 WSMP 2040 is presented 
in this revised WSMP. Some of the modeling conducted and 
referenced in this document applies to that previous scenario.
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EBMUD’s existing EBMUDSIM model, cur-
rently used to simulate water delivery from the 
Mokelumne River to the District service area, 
was combined with the Water Evaluation and 
Planning (WEAP) System Model (see Figure 
2-6). This combined WEAP-EBMUDSIM (W-E) 
model enabled simulation of the District’s water 
system, assessment of the operational impacts 
of each portfolio on the District’s water supply 
system, and the cost of each portfolio.

It should be noted that multiple alternative 
portfolios with various demand management 
and water supply options were evaluated before 
selecting the WSMP 2040 Portfolio. These alter-
native portfolios emphasized specifi c themes 
such as groundwater storage, future fl exibility, 
regional partnerships, emergency reliability, and 
low carbon footprint. These alternative portfolios 
are further described in Chapter 6.

The model was also used to determine the Dis-
trict’s need for water and to conduct a climate 

change sensitivity analysis where variations 
in water demand, drought frequency, and the 
volume and timing of runoff from the Moke-
lumne River were modeled. 

The Need for Water in 2040 was estimated 
using fi ve different rationing levels: no rationing 
and system-wide rationing of 10%, 15%, 20% 
and 25%. At 10% rationing, mandatory rationing 
would occur in approximately 1.5 years over the 
thirty year planning period of 2010 – 2040, and 
voluntary rationing would occur in 2.6 years. 
With a 15% rationing goal, mandatory ration-
ing would occur in 2 years over the planning 
period, and voluntary rationing would occur in 
2.8 years. With a 20% rationing goal, mandatory 
rationing would occur in 2.7 years, and volun-
tary rationing would occur in 2.5 years over the 
planning period. Further detail on this analysis 
is provided in Appendix D.

The model assumed that water transfers would 
be used to meet the Need for Water and would 

Figure 2-6 WEAP-EBMUDSIM (W-E) Conceptual Model Areas
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Previous WSMP Efforts

Updated WSMP 2020 (1993)

EBMUD adopted an Updated WSMP 2020 (referred to as the 1993 WSMP) to 
allow the District to meet the water supply reliability needs of EBMUD customers, 
to improve the Mokelumne River fi shery resources by implementing the Lower 
Mokelumne River Management Plan (LMRMP),1 and to meet shortages during 
droughts. 

The Updated WSMP addressed an extensive range of alternatives to help meet 
EBMUD’s 2020 water needs.  Six Primary Composite Programs were com-
paratively analyzed in an EIR/EIS and the most promising Primary Composite 
Programs were found to be three Composite Programs which all included Con-
servation (18 MGD), Reclamation (8 MGD), Aqueduct Security2, and the LMRMP 
in common. 

The differences were: 

• Composite Program II included Groundwater Storage/Conjunctive Use; 

• Composite Program IV included Groundwater Storage/Conjunctive Use and the Folsom South Canal 
Connection; and 

• Composite Program V included a Raise Pardee composite.

On September 15, 1992, the EBMUD Board of Directors agreed to pursue two alternatives that include 
groundwater storage/conjunctive use: Composite Program II or Composite Program IV. The Proposed Action 
included the possible adjunct of American River water delivered through the implementation of a Folsom 
South Canal Connection, now known as the Freeport Regional Water Project (FRWP). 

The original program was expanded in 1996 to pursue enlarging Pardee, the Folsom South Canal Connec-
tion, and a Sacramento joint project in addition to groundwater storage.

EBMUD is on schedule to achieve the 1993 WSMP water supply goals for 2020. The District completed the 
aqueduct security improvements, implemented the LMRMP, is carrying out conservation and recycled water 
development, and has undertaken the FRWP in partnership with the Sacramento County Water Agency 
(expected to be completed in 2010). 

WSMP 2040 builds upon the foundation of programs and activities created in the 1993 WSMP, to meet water 
supply needs for the next 20 year planning horizon. 

1 The Lower Mokelumne River Management Plan specifi es fl ow regimes, reservoir operations, and hatchery operations that   
would enhance benefi ts to fi shery resources in the Mokelumne River while maximizing fl exibility in managing a variable water   
supply, uncertain future demands and uncertain linkages between fi sh populations and fi shery management activities.

2 Aqueduct Security: An approximate 10-mile section of the Mokelumne Aqueducts through the Sacramento-San Joaquin Delta was 
secured against prolonged outages resulting from earthquake-induced failures. 
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Figure 2-7 The Revised WSMP 2040 Portfolio Meets the Need for Water over the Planning Period. Note that the 
Board amended rationing to up to 15% for the Plan. The 2009 PEIR Preferred Portfolio called for 10% rationing. 
Key: C = Conservation RW = Recycled Water T = Transfer  ELV = Expand Los Vaqueros Reservoir                          
SacGW = Sacramento Basin Groundwater BGW2 = Bayside Groundwater Project Phase 2  Desal = Regional Desalination
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be decreased as other supplemental supply 
projects, recycled water projects, and conserva-
tion come online. In addition, the model also 
assumed that if later projects were not neces-
sary to meet the Need for Water, they would not 
be brought online. For example, if a combina-
tion of rationing, recycled water, conservation, 
the Bayside Groundwater Project Phase 2, and 
Regional Desalination met the Need for Water, 
then the other supplemental supply components 
would not be brought online.

The WSMP 2040 Portfolio would meet the 
Need for Water in all years, with necessary 
components coming online in a stepwise fash-
ion, similar to that as described in the example 
implementation scenario in Section 2.3.3. 

Figures 2-4 and 2-5 depict the year that each 
component would start operating; however, the 
fi rst year that each project would actually deliver 
water to EBMUD may occur later for some com-
ponents. For example, groundwater banking and 
exchange projects located in certain basins may 
require several wet years to fi ll before they can 
be used as a water supply source. In addition, 
each component is shown as being used to its 
maximum capacity in all years. However, com-
ponents would be only be used as needed given 
the hydrology of any given year and situation. 

The supplemental supply components included 
in the revised WSMP 2040 Portfolio example 
scenario are small to moderately sized, so 
excess supply is generally not brought online 
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before it is needed to meet the Need for 
Water (see Figure 2-7). There are very limited 
sequences during the planning period where a 
component delivers water before it is needed to 
meet the Need for Water. Water transfers or use 
of groundwater banking and exchange compo-
nents can also be ramped down as needed so 
that the Need for Water is not exceeded by the 
supply in any given year. 

The WSMP 2040 Portfolio also maximizes 
operational fl exibility of the EBMUD water 
supply system, as it provides a variety of both 
East Bay (Bayside Groundwater Project Phase 
2, Regional Desalination, and Expand Los 
Vaqueros Reservoir) as well as Upcountry 
projects. Providing additional dry year storage 
on the west side of the Delta at Bayside or Los 
Vaqueros would contribute to the District’s abil-
ity to meet the 6-month local storage criterion. 
The WSMP 2040 Portfolio would also provide 
several opportunities for EBMUD to partner with 
other local and Upcountry water districts. See 
Appendix D, Technical Memorandum (TM) 6 
Water Supply and Economic Modeling Report, 
for plots that graphically summarize average 
annual water operating scenarios for each year 
in the planning period (2010 to 2040) for the 
WSMP 2040 Portfolio. TM-6 and Chapter 6 
provide a detailed description of the modeling 
that was conducted for the portfolios.

2.3.5 Simulated Drought Frequency under 
the WSMP 2040 Portfolio

Based on the modeling of one possible sce-
nario, which assumed that the Board selects to 
ration at 10% as the target, the percent of years 
during which supplemental supply components 
would be required are shown in Figure 2-8. As 
the Board has selected 15% rationing, the likeli-
hood could be slightly lower.

Assuming 10% rationing, from the year 2010 to 
2040, supplemental supply would be required 
in 30-39% of years to meet the Need for Water. 

Conservation Level D (39 MGD) and Recycled 
Water Level 3 (11 MGD) contribute to minimiz-
ing the number of years that supplemental 
supply would be needed; however, supplemen-
tal supplies would still be required to meet the 
Need for Water through the WSMP 2040 plan-
ning period.

2.3.6 Cost Evaluation Results

The economic analysis conducted as part of the 
WSMP 2040 assessed the potential costs of 
each portfolio for the 2010 to 2040 period over a 
range of historic water conditions. These results 
were then used to describe a minimum, maxi-
mum and mid-range net cost for each portfolio 
under review. (See Appendix D TM-6, Chapters 
5,6,7,8 and 9 for more information.)

Figure 2-9 provides a summary of these results. 
The costs, on the y-axis, are the total cost for 
each portfolio, the sum of direct incremental util-
ity costs (e.g., investment in new infrastructure 
and programs), customer shortage costs, and 
customer conservation costs. Each modeled 
portfolio is shown along the x-axis, with data on 

Figure 2-8 Proportion of Years Requiring a 
Supplemental Supply

Note: Data presented was developed for a 10% 
rationing case. Prior analyses suggest that were a 15% 
rationing case modeling run have been performed, 
results would be very similar to those graphed for the 
10% scenario.
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Figure 2-9 Total Customer and Utility Cost Ranges for WSMP Portfolios: Net Present Value (NPV) 2010-2040

Note: Although the 2009 WSMP 2040 Portfolio costs are represented here, the inclusion of participation in an Expand Los 
Vaqueros Reservoir component, the removal of participation in an Enlarge Pardee Reservoir component, and the participa-
tion in a smaller (5 mgd) Regional Desalination component is not anticipated to have a marked impact on the range of NPV 
as graphed for the various portfolio alternative options.  Given that opinion, economic analysis were not updated as part of 
the revisions to the 2009 WSMP 2040. 
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the median total cost, the minimum and maxi-
mum total cost and the rationing level. 

Portfolios A, B, and E, were each modeled 
at 10, 15, and 20% rationing to compare the 
customer shortage and total cost of each port-
folio at these different rationing levels. Portfolio 
D was modeled at two different thresholds 
for implementing rationing to account for an 
increase in Pardee Reservoir storage.

Varying the rationing targets was found to 
have two effects. First, increased rationing was 
found to lead to higher shortage costs. Second, 
an offsetting effect occurred where the utility 

Shortage costs
Shortage costs are losses when EBMUD 
customers reduce water use in response to 
rationing policies. For residential, institutional, 
and irrigation customer classes, shortage 
costs are measured in terms of lost customer 
surplus. Lost customer surplus is an estimate 
of the willingness to pay for a resource, and 
is not equivalent to a direct fi nancial cost to 
the customer. For commercial and industrial 
customer classes, shortage costs are based on 
lost regional value added (e.g., lost labor income, 
profi ts, indirect business taxes, proprietor income 
and property income).
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costs, and thus rates, were lowered because 
of a reduction in the acquisition of water and a 
subsequent deferral in investment in projects 
and programs. 

The cost evaluation analysis also confi rmed 
that the cost of the Recycled Water Pro-
grams increases from approximately $400 
per acre-foot of water for Level 2 (5 MGD) to 
approximately $600 per acre-foot for Level 3 
(11 MGD) (these are the direct costs related 
to operation and maintenance of the recycled 
water projects). Though more costly, the Board 
unanimously supported Recycled Water Level 
3 for inclusion in the WSMP 2040 Portfolio 
as it would provide greater reduction in the 
District’s overall water need. It is also possible 
that grant funding and technological changes 
could reduce the overall cost of recycled water 
programs in the future.

For the Conservation programs, the potential 
water savings ranged from an additional 19 
MGD for Level A to a maximum of 41 MGD for 
Level E. 

Finally, as shown in Figure 2-9 and Table 2-5, 
the range of costs increases with higher ration-
ing targets. The 2009 WSMP 2040 Portfolio has 
a median cost of $1.12 billion as compared to 
the Primary Portfolios, and a more narrow range 
of costs, between $900 and $1,760 million. This 
narrow range of potential costs represents a 
lower risk of cost fl uctuation than the other port-
folios, and is thus another potential advantage 
of the WSMP 2040 Portfolio.
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6. Building Blocks of the Plan

The WSMP 2040 includes new rationing, conservation, and recy-
cled water targets, and supplemental supply components that will 
allow the District to meet the growing demands of EBMUD cus-
tomers to 2040 and minimize rationing in dry years. This section 
describes the WSMP 2040 planning process that led to the WSMP 
2040 Portfolio, including a description of the components, or 
individual projects, that were considered; how they were screened 
and which components were then carried forward; how the compo-
nents were assembled into water supply management portfolios; 
and how these portfolios were evaluated to arrive at the WSMP 
2040 Portfolio.

6.1 Components

The WSMP 2040 components are organized into four categories: 
rationing, conservation, recycled water, and supplemental supply. 
Proposed components would be located throughout the Upcoun-
try area (the region east of the service area to the Sierra Nevada 
mountains in the vicinity of the EBMUD system), the Central Valley 
area (in the vicinity of the FRWP and Sacramento River water-
shed), and East Bay area (both inside and outside the EBMUD 
service area). 

6.1.1 Rationing

EBMUD estimates its total system storage that will be 
available at the end of the water year (September 30) 

based on runoff for April of the current water year. If total system 
storage is projected to be less than 500,000 AF, a Drought 
Management Program (DMP) is prepared. EBMUD developed 
guidelines that call for increasing rationing levels as the projected 
total system storage decreases. By imposing varying levels of 

The WSMP 2040 is built with 
components organized into 
four categories: rationing, 
conservation, recycled water, 
and supplemental supply.

Components

Rationing

Conservation

Recycling

Water Transfers

Groundwater 
Banking / 
Exchange

Regional 
Desalination

Suface Water
Reservoirs

Supplemental Supply

b d
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rationing in the early years of potentially prolonged drought peri-
ods, the goal is to reduce the need for more severe rationing in 
subsequent years. In the past, water use reductions in drought 
periods have been achieved by effective public information pro-
grams combined with water rate increases. EBMUD customers 
have an excellent record of achieving water savings that are 
requested or targeted. For more detail on the existing rationing 
policy, see Section 3.4.1. 

Five levels of rationing were considered throughout the WSMP 
2040 planning process: no rationing (0%), and 10%, 15%, 20% 
and 25%. All fi ve of these levels were considered in the fi rst phase 
of portfolio analysis; however, the 0% rationing level was held from 
further consideration as it does not ask customers to make any 
cutbacks during drought years. 

25% rationing was removed from consideration because it was 
thought to place unfair burden on EBMUD customers to cut back 
water use so severely during drought years. For example, in the 
25% overall rationing scenario, irrigation customers would have to 
cut back water use by 50% and single-family residential custom-
ers would have to decrease their water use by 31% (see Figure 
3-4 in Section 3.4.1, Existing Rationing Policy). During the summer 
months of July and August, single-family residential customers 
would be asked to cut back water use by 50%; this high level of 
rationing was considered as unacceptable. The cost of rationing 
to the customer was also deemed to be unacceptably high (see 
Appendix E, Board Workshop #7 Meeting Materials as well as 
Appendix D TM-6). 

Thus, the three remaining levels of rationing, 10%, 15%, and 20%, 
were brought forward into the Portfolio analysis and were variously 
combined with conservation, recycled water and supplemental 
water supply components into a range of portfolios. In this capac-
ity they were further evaluated as described in Section 6.2. A full 
description of the rationing level evaluation can also be found in 
Appendix B, Section 1.1.1.

6.1.2 Conservation

For the conservation evaluation, combinations of different 
conservation measures were analyzed and combined into 

programs for achieving varying levels of conservation savings. 
The multiple-tiered measures analyzed ranged from moderate 
to extensive market saturation levels covering both retrofi ts and 
new development. The analysis included quantifi able measures 

EBMUD declared a 
severe water short-
age in May 2008. 

At that time, mandatory 
rationing measures were 
implemented. 

1. Water Supply 
Response: 
Mandatory conservation 
/ rationing in effect; 
Water savings patrol in 
place. Expanded leak 
repair implemented.

2. Drought surcharge 
applied. 

3. Public conservation 
outreach campaign; 
Updating / adopting 
drought ordinance. 

4. Local water emergency 
/ water supply shortage 
declared. 

EBMUD Rationing Measures

Natural and adapted drought 
tolerant landscaping

S
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on
 H
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t
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corresponding to the California Urban Water Conservation Best 
Management Practices (CUWCC BMPs) and new development 
measures to make new residential and business customers more 
water effi cient, a process already started by EBMUD. 

Determining Conservation Measures & Programs

The conservation evaluation process consisted of seven steps, using 
the Least Cost Planning Water Demand Management Decision Sup-
port System (DSS model), proprietary software developed by Maddaus 
Water Management (MWM). These steps were:

1. Use the WSMP 2040 demand study results for water use 
projections (without the national plumbing code, net of existing 
conservation and existing and planned recycled water projects).

2. Identify possible water conservation measures and screen 
qualitatively (to identify those that are applicable to the service 
area). 

3. Estimate the affected customers (or number of accounts) for each 
conservation measure. This factor is called the market saturation 
or installation rate. 

4. Estimate water savings: total annual average, seasonal and peak 
day. 

5. Determine the initial and annual costs for measure implementation 
(based on pilot projects, local experience, and the costs of goods, 
services, and labor in the community). 

6. Compare the present value of cost of the measures to the costs of 
water saved over the planning period.

7. Compile conservation packages.

A more detailed description is contained in Appendix D TM-5 Conser-
vation Technical Memorandum and additional detail is provided in the 
Demand Study in Appendix C.

EBMUD customers can receive 
rebates for purchasing Water 
Smart high-effi ciency toilets 

(HET) - when replacing toilets 
with 3.9 gallons per fl ush

A “smart” water conservation 
garden in the East Bay

S
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t

Methodology for Compiling & Evaluating Future 
Conservation Measures

Approximately 100 conservation measures potentially appropri-
ate for the EBMUD service area were considered. Measures not 
well suited to the Alameda and Contra Costa County area were 
eliminated; the remaining measures were screened against four 
qualitative criteria: 

• Technology/Market Maturity; 

• Service Area Match; 
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• Customer Acceptance/Equity; and 

• Relative Effectiveness of Measure Available.

This screening process resulted in all but 53 of 
the conservation measures being set aside from 
further consideration. 

A summary of the measures is provided in 
Table 3 of the Conservation Memo (TM C-5 in 
Appendix D). 

Unit costs were determined for each of the 53 
measures based on industry knowledge, past 
experience and data provided by EBMUD. 
These include incentive costs; fi xed costs (such 
as marketing); variable costs (such as the costs 
to staff the measures and to obtain and main-
tain equipment); and a one-time set-up cost. 
The set-up cost is for measure design by staff 
or consultants, any required pilot testing, and 
preparation of materials that will be used in 
marketing the measure. Costs were estimated 
for each measure for each year of the imple-
mentation period. Lost revenue due to reduced 
water sales was not included as a cost because 
the conservation measures evaluated generally 
take effect over a span of time that is suffi cient 
to enable timely rate adjustments, if necessary, 
to meet fi xed cost obligations. 

To forecast the water savings of measures, data 
on water use, demographics, market saturation, 

High effi ciency clothes washers are part of EBMUD’s 
Rebate Program

and unit water savings were reviewed. Savings 
normally develop at a measured and prede-
termined pace, reaching full maturity after the 
target market saturation is achieved. This was 
assumed to occur three to ten years after the 
start of implementation. 

Unit costs and savings data were then input 
into the DSS model to determine net present 
value and cost of water saved. The cost analy-
sis was performed from various perspectives, 
including the utility and community (utility plus 
customer). 

Conservation Level/Program Formulation 
and Evaluation

Five conservation programs (Levels A through 
E) were created each providing increasing 
levels of water savings, with the fi fth level (E) 
being the maximum theoretical level of water 
savings (Table 6-1). Each program built on 
the prior program: Program A included the 
plumbing code only; Program B (equivalent 
to the District’s current program) contains 25 
conservation measures. Program C includes 
Program B measures plus 15 additional 
measures and uses the Automatic Metering 
System (AMS) to help identify (to the cus-
tomer and to EBMUD) leakage and excessive 
use. This enhances the ability of EBMUD to 
conduct effective water surveys of residential 
and business customers. Program D has all 
40 measures from Program C and adds a net 
of three measures. Program E includes four 
additional measures to Program D. 

The measures contained in each level are 
provided in Table 6 of the Conservation Memo 
(TM C-5 in Appendix D).

EBMUD will add to existing conservation 
measures by expanding conservation mea-
sures as part of its Water Conservation Master 
Plan. Program expansion may include mea-
sures such as water surveys, rebates for high 
effi ciency toilets and washers, and providing 
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incentives for irrigation upgrades. It is important 
to note that these programs are not intended to 
be rigid but to demonstrate the range of water 
savings that could be gained. 

Table 6-2 summarizes the water savings, and 
program costs of the alternate programs. The 
plumbing code is included as passive baseline 
savings in addition to the long-term conser-

Table 6-1: Conservation Program Description and Future Water Savings 2008-2040

Conservation 
Program/ 
Level

Description Total Year 2040 Water Savings*
(MGD)

A
No additional conservation mesaures beyond Plumbing 
Code

19

B Similar to Current EBMUD Program = 25 Measures 29

C Add 15 Measures to Current Program 37

D Add 3 Measures to Program C 39

E Add 4 Measures to Program D 41

  

Table 6-2: Economic Analysis of Alternative Programs A through E 2010 to 2040

2040 Water Savings (MGD) Average Cost of 
Water Saved ($/AF)

Incremental Cost of 
Water Saved ($/AF)

Conservation Program
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Program A (Plumbing Code) 19.4 19.4 0.0 0.0  NA  NA NA 

Program B + Plumbing Code 27.0 25.3 1.7 0.0 $ 143 $ 1,378 A to B: $ 143

Program C + Plumbing Code 35.3 29.6 2.7 3.0 $ 480 $ 1,971 B to C: $ 839

Program D + Plumbing Code 37.2 29.8 2.9 4.4 $ 634 $ 2,544 C to D: $ 2,338

Program E + Plumbing Code 38.6 29.9 4.3 4.4 $ 845 $ 3,470 D to E: $ 3,161

Notes: Excludes 2 MGD in projected water savings for programs B – E from existing program during 2008 and 2009 to not include costs 
incurred in the past. Indoor water savings include plumbing code (Program A). The portion of new water needed refers to the growth in 
demand without the plumbing code.

vation program in Programs B-E. Additional 
resources and customer contacts are required 
to reach higher levels of potential water sav-
ings. Most of the program water savings are 
indoors, as they include the plumbing code 
impacts. Real water loss savings are due to 
leakage reductions. Costs are expressed two 
ways, as total present value over the analysis 
period, and the cost of water saved. 
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Present value and the cost of water saved 
are calculated for the utility; for the customer; 
and the total community (customer plus utility) 
(Figure 6-1). 

Programs B, C, D, and E produce increas-
ing incremental water savings and costs. As 
measures are added to each program beyond 
program B, the returns on water savings as 
compared to increasing costs diminish.

EBMUD employees are on staff to help customers with 
water conservation measures
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Figure 6-1 Present Value of Utility Costs versus Cumulative (Total) Water Saved in 2040

East Bay conservation garden

All of the new potable water needed by 
EBMUD to accommodate planned growth 
in dry years could be met through 
demand reductions, including: aggres-
sive conservation, recycled water proj-
ects, and customer rationing. 
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6.1.3 Recycled Water

For recycled water, the WSMP 2040 
planning process focused on determin-

ing the potential quantity of recycled water 
production that would go beyond the District’s 
current commitments of 9.3 MGD through 2020. 
As with conservation, individual recycled water 
projects were assembled to determine distinct 
implementation levels. To achieve the recycled 
water goal of 11 MGD by 2040, the individual 
projects would ultimately be comprised of vari-
ous combinations of the projects.

The following information was used to develop 
alternatives for cost-effective expansion of 
recycled water use within the District’s service 
area over the 30 year planning period. 

• A summary of existing recycled water 
projects, including existing treatment and 
distribution facilities, recycled water customers 
and projects currently under construction.

• Previously identifi ed recycled water projects 
proposed for consideration in WSMP 
alternatives. Implementation of some of 
these projects is currently underway in the 
planning or design phases.

• Updated potential recycled water customer 
information within the proposed projects 
areas, including location, current potable 
water usage, and type of use.

Recycled water irrigation signage

Three areas of opportunity were reviewed: 

1. The potential market for urban reuse by 
assessing existing water accounts and future 
urban development, 

2. The potential for recycled water partnerships 
with Mokelumne River watershed and 
Sacramento area agencies1 was evaluated, 
and 

3. The potential for other recycled water uses, 
such as groundwater recharge with recycled 
water and environmental use of recycled 
water, were identifi ed.

Additionally, the potential recycled water demand 
associated with the District’s existing potable 
water customers was determined. Customers with 
potable water use greater than 1.5 acre-ft/year 
were identifi ed.2 The resulting potential recycled 
water demand associated with existing accounts 
is summarized in Table 6-3 and shown in Figure 
6-2. The potential users and recycled water proj-
ects are shown in Figure 6-3 and Table 6-4.

Other uses for recycled water were also 
explored, including groundwater recharge and 
environmental uses such as wetland augmen-
tation, both of which were determined to be 
infeasible at this point. Recharging a ground-
water aquifer with recycled water would not be 
in full compliance with District policy number 
7.10, and developing potential recycled water 
projects with the sole purpose of providing 
water for the environment does not help to 
achieve the purpose of the WSMP 2040. 

2 Users with potential recycled water demands less than 
1.5 acre-ft/yr were excluded because supply of recycled 
water to minor users is generally not cost-effective. 
However, minor users have the potential to receive 
recycled water service if located along pipeline alignment.

1 The concept is that the District would provide funding and 
technical expertise to implement recycled water projects 
in the Upcountry and Sacramento areas. In exchange, 
potable water offset by use of recycled water in these 
areas would be made available to the District. Additional 
detail about these potential partnerships is provided in 
Appendix D TM-4.
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Proposed recycled water projects to be evalu-
ated as part of the WSMP 2040 solutions 
component portfolio were generally categorized 
into those within the District’s service area, and 
those within the Mokelumne River (Upcountry) 
and Sacramento areas.

Table 6-3: Demand Potential Associated with Existing Accounts

Demand Type Potential Annual Recycled 
Water Demand (MGD)1

Potential Annual Recycled 
Water Demand (acre-ft/yr)1

Irrigation of Public or Common Areas 
(Includes Commercial and Industrial Sites)

19.5 22,000

Industrial Indoor 8.5 9,500

Commercial Indoor 2 2,000

Total 30 33,500
1 Demand estimate rounded to nearest 0.5 MGD or 500 acre-ft/yr.
Source: RMC 2007 (Water Supply Management Program 2040 – Future Recycled Water Potential Analysis) – WSMP 2040 
Appendix D TM-4.

Figure 6-2 Recycled Water Demand Potential Associated with Existing District Accounts

Potential Future Recycled & 
Raw Water Projects

Projects within the District’s service area 
include recycled water centralized treatment, 
satellite treatment, and raw water projects. 
The centralized treatment projects use recycled 
water produced at only one of the wastewa-
ter treatment plants. These would be either 
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expansions of committed projects or newly 
developed independent projects. Satellite treat-
ment projects provide recycled water to users 
located a long distance from or at signifi cantly 
higher elevations than existing recycled water 
supply sources or distribution systems.1 Raw 
water projects included in the evaluation were 
the Lake Chabot Raw Water Expansion Project 
and the Lafayette Reservoir Raw Water Project.

Projects within the Mokelumne River and Sacra-
mento areas focused on potential recycled water 
partnerships with agencies in the Mokelumne 
River region (also called Upcountry) and the 
greater Sacramento Area with whom the District 
has existing relationships. These projects were 

typically in-lieu projects where the District would 
help to fi nance recycled water development in 
exchange for a share of the water savings. Most 
Upcountry recycled water projects were not further 
pursued for the WSMP 2040 because of potential 
supply limitations, long implementation time-lines 
and necessary agreements with multiple agen-
cies. However, a partnership with the Sacramento 
County SRCSD and SCWA is being pursued 
further as part of the Sacramento Basin Ground-
water Banking / Exchange supplemental supply 
component. The potential future recycled water 
projects that were included in the portfolio devel-
opment are listed in Figure 6-3 and Table 6-4.

Additional information on existing recycled 
water project activities can be found in Section 
3.4.3. Appendix D TM-4 also contains informa-
tion on existing and potential future projects.

Figure 6-3 Potential Recycled Water Projects
1 Combinations of these illustrated projects could be made to achieve the WSMP 2040 recycled water goal.
2 Either Franklin Canyon or ConocoPhillips Recycled Water Projects would be chosen, as they use the same water source.

1 Due to limited cost-effectiveness of constructing small 
satellite treatment systems, only users with average annual 
demand greater than 100 acre-ft/yr were considered for 
satellite treatment opportunities.
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Table 6-4: Recycled Water Projects

Project 
Type

Project 
Location1

Project 
No. Project Name or Program Title

Potential Demand 
(Annual, MGD or 
acre-ft/year)2

Range or Max
Centralized 
Treatment

San Ramon 
Valley

1
San Ramon Valley Recycled Water Program – Phase 2 
Bishop Ranch

0.7 MGD 
(800 acre-ft/yr)

Centralized 
Treatment

San Ramon 
Valley

2
San Ramon Valley Recycled Water Program – Phase 3 
Danville East

0.7 MGD 
(800 acre-ft/yr)

Centralized 
Treatment

San Ramon 
Valley

3
San Ramon Valley Recycled Water Program – Phase 4 
Blackhawk East

0.3 MGD 
(300 acre-ft/yr)

Centralized 
Treatment

San Ramon 
Valley

4
San Ramon Valley Recycled Water Project - Phase 5 
Blackhawk West

0.2 - 0.3 MGD 
(200-350 acre-ft/yr)

Centralized 
Treatment

San Ramon 
Valley

5
San Ramon Valley Recycled Water Program – Phase 6 
Danville West

0.1 - 0.2 MGD 
(150-250 acre-ft/yr)

Centralized 
Treatment

East Bayshore 6
East Bayshore Recycled Water Project – Phase 1B 
Alameda

0.5 - 1.7 MGD 
(550 - 1,950 acre-ft/yr)

Centralized 
Treatment

East Bayshore 7
East Bayshore Recycled Water Project – Phase 2 
Future Expansion

0.1 - 0.5 MGD 
(100 - 550 acre-ft/yr)

Centralized 
Treatment

San Leandro 8
San Leandro Water Reclamation Facility Expansion 
Project – Phase 3 Oakland/Alameda

0.1 - 1.3 MGD 
(100 - 1,450 acre-ft/yr)

Centralized 
Treatment

Richmond 9
Richmond Advanced Recycled Expansion (RARE) 
Water Project - Phase 2 Additional 0.5 MGD

0.5 MGD 
(550 acre-ft/yr)

Centralized 
Treatment

Richmond 10
Richmond Advanced Recycled Expansion (RARE) 
Water Project - Future Expansion - Additional 1.0 
MGD

1.0 MGD 
(1,100 acre-ft/yr)

Centralized 
Treatment

Richmond 11
North Richmond Water Reclamation Plant Expansion 
Project - Surrounding Area

0.2 - 1.7 MGD 
(150 - 1,900 acre-ft/yr)

Centralized 
Treatment

Richmond 12 Point Richmond Recycled Water Project
0.07 - 0.1 MGD 
(80-120 acre-ft/yr)

Centralized 
Treatment

Pinole/Rodeo/
Hercules

133 ConocoPhillips Recycled Water Project 
Phases 1 and 2

4.0 MGD 
(4,500 acre-ft/yr)

Centralized 
Treatment

Pinole/Rodeo/
Hercules

14 Franklin Canyon Recycled Water Project
0.2 - 0.3 MGD 
(200- 300 acre-ft/yr)

Centralized 
Treatment

Reliez Valley 15
Reliez Valley Recycled Water Project 
(Portion of former Lamorinda Project)

0.1 - 0.2 MGD 
(100 - 250 acre-ft/yr)

Satellite 
Treatment

San Pablo/ 
Richmond

16 Rolling Hills Cemetery
0.05 - 0.18 MGD 
(50 - 200 acre-ft/yr)

Satellite 
Treatment

Diablo Valley 17 Diablo Country Club
0.18 MGD 
(200 acre-ft/yr)

Satellite 
Treatment

Oakland 18 Mountain View & St. Mary’s Cemetery
0.1 - 0.19 MGD 
(100 - 200 acre-ft/yr)

Satellite 
Treatment

Rossmoor 
Valley

19 Rossmoor Country Club
0.1 - 0.15 MGD 
(100 - 150 acre-ft/yr)

Satellite 
Treatment

Moraga 20 Moraga Country Club
0.1 - 0.2 MGD 
(100 - 200 acre-ft/yr)

Raw Water
San Leandro/ 
Oakland

21 Lake Chabot Raw Water Expansion Project
0.1 - 0.2 MGD 
(100 - 250 acre-ft/yr)

Raw Water Lafayette 22 Lafayette Reservoir Raw Water Project
0.01 - 0.05 MGD 
(10 - 50 acre-ft/yr)

1 For additional information on project location, refer to Figure 6-3 and Appendix D TM-4.
2 Demand rounded to nearest 0.1 MGD or 50 acre-ft/yr.
3 The ConocoPhillips Recycled Water Project Phases 1 and 2 were subsequently separated into two separately numbered projects. 
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Recycled Water Levels

6.1.4 Supplemental Supply

To meet the Need for Water and 
ensure reliability during a drought 
year, supplemental water supply is 
needed. Rationing, conservation, 
and recycled water alone or com-

bined would not generate suffi cient water to meet 
water needs through 2040 during a reasonable, 
worst-case drought event. Supplemental supply 
includes such options as expansion of existing 
reservoirs, construction of new reservoirs, par-
ticipation in the development of a regional desali-
nation plant, groundwater banking/exchange 
projects, and water transfers. Each supplemen-
tal supply component would provide different 
amounts of water, and would be combined with 
one another and with various levels of rationing, 
conservation, and recycled water to meet water 
needs throughout the planning period. 

The WSMP 2040 explored many potential col-
laborative supplemental supply components 
that would require the District to partner with 
one or more local or upcountry water agencies.

Identifying Potential Future Supplemental 
Supply Components 

Potential supplemental supply components 
were identifi ed based on EBMUD’s existing 

The recycled water production levels include: 

• Level 1: No additional future recycled water 
production (0 MGD); 

• Level 2: 5 MGD of additional recycled water 
production; and 

• Level 3: 11 MGD of additional recycled 
water production.

All three recycled water levels were included in 
the initial portfolio building. 

facilities and planning efforts already underway 
by EBMUD. Sources of information included, 
but were not limited to, the following planning 
documents:

• November 1992 EBMUD Updated WSMP 
EIS/EIR;

• June 1998 Pardee Enlargement Preliminary 
Design Report;

• July 2003 Draft Freeport Regional Water 
Project EIR/EIS; 

• November 2006 Mokelumne/Amador/
Calaveras Integrated Regional Water 
Management Plan; 

• October 2007 Draft Project Description for 
the Lower Bear River Reservoir Expansion 
Project; 

• December 2007 Draft - Mokelumne River 
Inter-Regional Conjunctive Use Project 
(IRCUP) Technical Memorandum: IRCUP 
Work Plan; 

• February 2009 Draft Los Vaqueros 
Reservoir Expansion Project EIS/EIR; and

• March 2010 Final Los Vaqueros Reservoir 
Expansion Project EIS/EIR.

The full list of initial supplemental supply 
components considered for the WSMP 2040 
are shown in Figure 6-4. Many of these 
components have been examined by EBMUD 
during the past 20 years. During the fi rst stage 
of evaluation, if a component failed one of the 
exclusion criteria (as described in Chapter 2 
and Section 6.2), the component was eliminated 
from further consideration. During the second 
stage of evaluation, the evaluation criteria were 
used to conduct a more detailed evaluation of 
the components (see Section 6.2).
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Supplemental Supply Components 
Eliminated in the First Stage 

Several supplemental supply components were eliminated in the 
fi rst stage of consideration because they did not satisfy one of the 
exclusion criteria. This includes several of the statewide compo-
nents (Sites Reservoir, Temperance Flat Reservoir, and Expanded 
Los Vaqueros Reservoir), as it was not clear whether they would 
meet projected water demands through 2040. These components 
are currently at early stages of discussion and development and 
thus, detailed information on the water supply benefi t to EBMUD is 
not currently known, cost sharing has not yet been identifi ed and 
federal partners have not yet been identifi ed. As such, all of the 
statewide components were held from further consideration in the 
WSMP 2040 planning process. The District will continue to track 
these projects for future consideration.

In the time period since the component screening process was 
undertaken for this WSMP, plans to expand Los Vaqueros Res-
ervoir to 160 TAF have moved forward and Contra Costa Water 
District has completed environmental documents for this project. 
Technological uncertainties continue to warrant exclusion of the 
remaining statewide components, but EBMUD has added the 160 
TAF Expand Los Vaqueros Reservoir (Current Expansion) com-
ponent to the WSMP 2040 Portfolio as a possible supplemental 
supply project option that could be implemented in the future to 
meet EBMUD’s dry year water needs.

Figure 6-4 Initial List of Supplemental Supply Components

Upper Mokelumne River 
Watershed below Lower Bear 
Reservoir
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Table 6-5: Summary of Supplemental Supply Components Brought Forward into 
Portfolio Development

Component Type Component Names

                 Water Transfers Northern California Water Transfers

                 Groundwater 
                 Banking /          
                 Exchange

Bayside Groundwater Project Phase 2

San Joaquin Basin Groundwater Banking / Exchange

Sacramento Basin Groundwater Banking / Exchange

                 Surface Water 
                 Reservoirs

Enlarge Pardee Reservoir1

Enlarge Lower Bear Reservoir

Buckhorn Canyon Reservoir

Expand Los Vaqueros Reservoir1

                 Desalination
Regional Desalination

LEAD at C&H Sugar

An additional four components were eliminated 
from consideration due to technical infeasibil-
ity: fog capture, Kellogg Reservoir, off-shore 
Desalination, and water bags. The technology 
for several of these components is still being 
developed and thus the projected water yield 
was unknown. 

Components Eliminated in the Second 
Stage

The remaining components were scored using 
the evaluation criteria (see Chapter 2, Table 
2-2). Any component that received two or more 
low scores on select “fatal fl aw” criteria was 
eliminated. These criteria included:

• Provide water supply reliability [Minimize 
the institutional & legal complexities and 
barriers]

• Minimize adverse socio-cultural impacts;

• Minimize risks to public health & safety

• Preserve and protect biological resources.

The following components all scored low on 
more than two of the selected “fatal fl aw crite-
ria”: Semitropic Groundwater Bank, the Bixler/
Delta Diversion, Duck Creek Reservoir, Bol-
linger Canyon, Cull Canyon, Curry Canyon, 
Enlarging Camanche Reservoir, and creating 
a Middle Bar Reservoir. These components 
scored low due to concerns about associated 
institution and legal complexities in relation to 
water rights and Delta diversions as well as 
environmental and socio-cultural impacts. For 
additional description of these components as 
well as additional detail on the screening pro-
cess, see Appendix B. Table 6-5 provides a 
summary of the components brought forward 
into the portfolio development. 

Water Transfers

At its most basic level, a water transfer 
can be viewed as a change in the way 

that a given quantity of water is allocated. Water 
transfers have been used by local, state and 
federal agencies in California for many years as 
a means to balance supply and demand. As a 
consequence, the mechanics of water transfers 

th t

              

              

              
           

            
              
            

1 On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component and added the 160 TAF Expand 
Los Vaqueros Reservoir component to the WSMP 2040 Portfolio.
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are supported by legislative policy, in order to best ensure that 
water use can be sustained (i.e., regional shortfalls avoided) and 
that transfers can be performed in an environmentally sound yet 
economical manner. 

Water transfers may be temporary, in which case the duration of 
the transfer usually lasts for one year or less. Long-term transfers 
are more reliable than short-term transfers, but almost always 
entail a much more complex agreement structure between par-
ticipants and also typically require that transfer parties undertake 
a more extensive environmental review process. In addition to 
short-term and long-term transfers, there are permanent water 
right acquisitions. 

Acquisition of a permanent water right offers the most reliability, 
but also has complex contractual and environmental burdens, and 
may involve extensive regulatory proceedings.

It was assumed for the WSMP 2040 PEIR that conveyance (by 
EBMUD) of transferred water would be accomplished through 
the completed FRWP. It was further assumed that EBMUD would 
seek water transfers with partners in the Sacramento Valley, or 
with partners who have supplies that originate north of the Delta. 
It should be noted that the water transfer partners have not been 
identifi ed, so the sources of water are not known. 

Bayside Groundwater Project Phase 2

Phase 1 of the Bayside Groundwater Project (described 
in Section 3.2.3) became operational in 2010. Phase 1 

involves the use of an existing well in the deep portion of the South 
East Bay Plain Basin (SEBPB) with an annual capacity of 1 MGD 
and the construction of associated conveyance and treatment 
facilities. 

The Bayside Groundwater Project Phase 2 would build upon 
successful operation of the Bayside Groundwater Project Phase 
1 by expanding its extraction and storage capacity by as much 
as an additional 9 MGD. In the Phase 1 project’s certifi ed EIR 
(November 2005), EBMUD sought to assure the local community 
and other East Bay water interests that the District would proceed 
with a Phase 2 initiative after gathering operating data on water 
quality and groundwater level effects that demonstrate that a 
larger capacity groundwater project could be safely developed in 
the basin. EBMUD remains committed to that obligation. 

The Sacramento River between 
housing development and 
agricultural fi elds

The primary mechanisms 
for accomplishing a water 
transfer are: 

• Reduction in use of 
surface water through 
actions such as 
crop-idling or water 
conservation. The water 
yielded from these 
surface water “saving” 
activities bypasses the 
specifi c land application 
and is conveyed for 
subsequent delivery and 
treatment to the entity on 
the receiving end of the 
transfer; 

• Storage of excess 
diverted surface water 
(via groundwater 
banking) for later use by 
the entity on the receiving 
end of the transfer; and 

• In-lieu use or exchange 
in which the “giving” end 
opts to use groundwater 
instead of a quantity of 
surface water and the 
“receiving” end gets the 
“saved” portion of surface 
water that was not used 
by the transfer party.  

How 
Water Transfers Work
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In the certifi ed EIR, EBMUD also stated that a 
project confi guration for Phase 2 of the Bay-
side Groundwater Project was not known at the 
time. There is still no defi nitive Phase 2 project 
confi guration (see Figure 6-5). For the WSMP 
2040, EBMUD has made a number of assump-
tions based on what are seen as probable proj-
ect elements and/or likely components of a 10 
MGD combined Phase 1/Phase 2 Groundwater 
Project. 

Operation

Bayside Groundwater Project Phase 2 facilities 
would be designed to inject treated water into 
the aquifer during years when water is avail-
able, and to recover stored groundwater during 
a drought. The extracted water would be treated 
prior to distribution to customers. 

Bayside Groundwater 
Project Phase 2

Potential Facilities

• The existing Phase 1 injection/extraction well 
(see Figure 6-5) would be replaced with a new 
well and a second well of equal size would be 
added.

• Two new sites within the SEBPB, with two 
wells at each site, and a new treatment plant.

• Expanded network of monitoring wells; and 

• Inlet/outlet pipelines to connect the two new 
Phase 2 sites to the existing distribution 
system for injection water and transmission of 
recovered groundwater.

Figure 6-5 Bayside Groundwater Project Phase 2

WSMP 2040  6-15Final April 2012

CHAPTER 6
BUILDING BLOCKS OF THE PLAN



Sacramento Basin Groundwater 
Banking / Exchange

This component would develop in-lieu 
or artifi cial groundwater recharge and 

recovery in cooperation / partnership with 
Sacramento area interests such as Sacra-
mento County Water Agency (SCWA) and/or 
the Sacramento County Groundwater Authority. 

Figure 6-6 Groundwater Basins

EBMUD would support development of facilities 
to recharge the Sacramento groundwater basin, 
and would receive either groundwater extracted 
from the basin or surface water in exchange 
for a portion of the water stored, as a dry-year 
supply (Figure 6-6). 
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Three options are considered in the WSMP 2040: 

• Option 1 Operate a groundwater storage and recovery 
program in Sacramento County’s Central (groundwater) 
Basin. Transfer water purchased by EBMUD (via an undefi ned 
transfer agreement) would be diverted from the Sacramento 
River and transported to the recharge facilities using FRWP 
conveyance facilities, for storage in the groundwater basin via 
recharge ponds, or in-lieu recharge via exchange with area 
water users. During dry years (which are predicted to take place 
approximately 3 out of 10 years), a portion of the water stored 
would be extracted from the Basin for EBMUD’s use, conveyed 
via FRWP facilities, or provided in-lieu (surface water as sourced 
via an exchange for the groundwater banked).

• Option 2 Water district members of the Sacramento County 
Groundwater Authority would provide in-lieu surface water 
supplies. In wet years, additional surface water available under 
SCWA water rights would be provided to these districts. In dry 
years, these districts would forgo some or all of their typical 
diversions from the Lower American River and would rely more 
heavily on groundwater. Thus, they would allow their surface 
entitlements to fl ow downstream to SCWA’s point of diversion at 
the FRWP. EBMUD would be provided a portion of the surface 
water entitlement via diversion at FRWP. 

• Option 3 EBMUD would support Sacramento Regional County 
Sanitation District development of recycled water production in 
the Central Basin. This recycled water would be provided to local 
agricultural irrigators currently using groundwater as their source 
of water. Unused groundwater would be banked for dry-year use 
by both Sacramento water interests and EBMUD.

Operation

It was assumed that the yield of the Sacramento Basin Ground-
water Banking / Exchange Project would be 4.2 MGD. Actual 
operational details, including specifi c yield for a project sited in this 
basin, would be determined at the project planning and develop-
ment stage. EBMUD intends to operate the facilities such that it 
would provide a dry-year supply. Other potential partners would 
have their own specifi c operational objectives.

Sacramento Basin GW 
Banking / Exchange

Potential Facilities

The maximum facilities 
required were based on 
Option 1: 

• 39 acres of recharge 
ponds;

• Three extraction wells, 
including one backup 
well, each capable of 
pumping 2,000 gallons 
per minute for 24 hours 
per day for a period of 12 
months; 

• Five miles of pipeline 
from the FRWP pipeline 
to the well fi eld / recharge 
area;

• Intertie at the FRWP 
pipeline;

• Pump station for the new 
pipeline;

• Granular activated 
carbon (GAC) treatment 
system either at the well 
fi eld or at the intertie with 
the FRWP pipeline; and

• A pre-treatment plant 
may also be needed.
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San Joaquin Basin Groundwater Banking / 
Exchange

In late 2006, Mokelumne River Forum 

(Forum) members began reviewing an 
option to develop an Inter-Regional Conjunctive 
Use Project (IRCUP). The project as conceptu-
alized utilizes the foothill counties’ (Amador and 
Calaveras) Mokelumne River water rights as a 
source, EBMUD’s Mokelumne River facilities 
as a conveyance mechanism, and San Joaquin 
County’s groundwater basin for storage. At the 
time that the WSMP 2040 was completed, 
Forum members were working to move the 
concept forward so that studies (e.g., feasibility 
studies, water rights agreements, etc.) could be 
developed, resulting in a more defi nitive project 
confi guration.

Figure 6-7 Central Valley Supplemental Supply Components

Mokelumne River Forum

EBMUD, along with twelve other public agencies 
interested in Mokelumne River water resources, 
signed a Memorandum of Understanding with 
the California Department of Water Resources 
in June 2005 to work cooperatively to improve 
regional water supplies.  The other signatories 
to the Mokelumne River Forum are Alpine 
County, Amador Water Agency, Amador County, 
Calaveras County Water District, Calaveras 
Public Utility District, City of Lodi, City of Stockton, 
Jackson Valley Irrigation District, North San 
Joaquin Water Conservation District, San Joaquin 
County Flood Control & Water Conservation 
District, Stockton East Water District, and 
Woodbridge Irrigation District.
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Surface Water Supply

One or more partners would either obtain a new water right, or 
modify an existing water right, to enable surface water to be 
diverted from the Mokelumne River and banked in the Eastern 
San Joaquin Groundwater Basin for later use by one or more of 
the parties. 

Operation

Groundwater Recharge and Storage 

Under one scenario, a portion of the Mokelumne River supply would 
be conveyed through the facilities for storage and regional use in 
the Eastern San Joaquin Groundwater Basin. Various in-lieu and 
direct recharge projects could be used to recharge water in wet 
years for use in dry years. For conceptual project sizing purposes, 
it is assumed that groundwater recharge would occur via recharge 
basin(s) with a total surface area of 137 acres. 

Groundwater Extraction

Water stored in the Eastern San Joaquin Groundwater Basin would 
be extracted for use in dry years via up to 15 extraction wells. 
Extracted water would be divided for use in the Eastern San Joaquin 
Groundwater Basin, by foothill agencies in Amador and Calaveras 
Counties (most likely through in-lieu exchanges), and within the 
EBMUD service area, via EBMUD’s Mokelumne Aqueduct. 

Figure 6-8 San Joaquin Basin Groundwater Banking / Exchange Location Map

Potential Facilities

Under an envisioned use 
of new or existing facilities, 
and through agreements to 
be established among the 
parties, existing EBMUD 
facilities or other facilities 
would be used to convey 
Mokelumne River surface 
water to proposed San Joa-
quin County groundwater 
banking facilities.

While the project partners 
could initially rely on 
EBMUD’s existing facilities 
to exchange the banked 
water to Amador and Calav-
eras counties, the following 
new facilities are assumed to 
be required for the project: 

• A new Intertie with 
EBMUD’s Mokelumne 
Aqueduct; 

• A new pump station and 
pipeline from EBMUD’s 
Mokelumne Aqueducts 
to the new well fi elds 
and/or recharge ponds; 
and

• Upcountry pre-treatment 
to treat recovered 
groundwater for blending 
with Mokelumne raw 
water.

San Joaquin Basin GW 
Banking / Exchange
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Expand Los Vaqueros Reservoir

The Expand Los Vaqueros Reservoir 
component involves expansion of 

the existing Los Vaqueros Reservoir, which 
is owned and operated by CCWD. CCWD is 
undertaking this expansion to improve water 
supply reliability under drought and emergency 
conditions, and to further improve water quality 
for its customers. CCWD has indicated that a 
portion of the storage capacity currently under 
construction as part of the expansion could be 
operated to provide dry year water supply to 
EBMUD, and that CCWD water treatment and 
conveyance facilities could be used to deliver 

Source: CCWD 2012

Figure 6-9 Expand Los Vaqueros Reservoir (Current Expansion) 

water supply to EBMUD. EBMUD would consider 
multiple sources of water for delivery to CCWD in 
wetter years. Possible sources include CCWD’s 
CVP water or EBMUD’s Mokelumne River water. 
For detailed information regarding the Expand Los 
Vaqueros component, please refer to the following 
document: “Contra Costa Water District, 2009, Draft 
Los Vaqueros Reservoir Expansion Project EIS/
EIR, February.”  Data as compiled by EBMUD staff 
and shared with the EBMUD Board of Directors 
regarding participation options is presented in sev-
eral WSMP 2040 Board Workshop slides as pre-
sented at the September 27, 2011 Workshop and at 
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Expand Los Vaqueros
Reservoir

the March 27, 2012 Workshop.  Those slides are 
provided in Appendix E1 to this document. 

Untreated supplies delivered from Los Vaqueros 
Reservoir to EBMUD will not have water qual-
ity equivalent to the water that EBMUD receives 
from its Mokelumne facilities and thus additional 
treatment would be necessary and additional 
treatment facilities would be required to take 
additional raw water from Los Vaqueros Reser-
voir. 

A range of potential options for connection to the 
Los Vaqueros system is described below.

Current Expansion

Construction on the current expansion of Los 
Vaqueros Reservoir is expected to be completed 
by Spring 2012. The current expansion will raise 
the water surface level 35 feet for a maximum 
reservoir water surface elevation of 507 feet 
above mean sea level (msl) and will increase the 
capacity from 100 TAF to 160 TAF (see Figure 
6-9). Three options are considered in the WSMP 
2040 for the Current Expansion:

• Treated Water - Boyd Road Intertie Option: 
EBMUD would take water from CCWD that is 
treated using CCWD’s facilities. The treated 
water would be received at the existing Boyd 
Road intertie in Walnut Creek and would 
then be pumped to the EBMUD distribution 
system for delivery within its service area in 
specifi c areas.

• Treated Water - New Intertie Option: This 
option would function the same as the 
Treated Water - Boyd Road Intertie Option 
described above; however, the treated water 
obtained from CCWD would be transferred 
through a new intertie that would be con-
structed in the vicinity of Geary Road and 
Buena Vista Road in Walnut Creek.

• Untreated Water Option: Under this option, 
EBMUD would receive untreated water from 
CCWD and send it through the Mokelumne 

Current Expansion Potential Facilities

Treated Water - Boyd Road Intertie Option: 

• Approximately 11,000 linear feet of 24-inch-
diameter pipeline along Pleasant Hill Road, 
Geary Road, and Larkey Lane (between Boyd 
Road and Alvarado Avenue);

• New instrumentation and control equipment; 
and

• A pump station with a capacity of 
approximately 12 million gallons per day near 
the intertie.

Treated Water - Boyd Road Intertie Option: 

• Approximately 4,000 linear feet of 24-inch-
diameter pipeline along Buena Vista Avenue 
(between Geary Road and Alvarado Avenue);

• Approximately 3,000 linear feet of 24-inch-
diameter pipeline along Geary Road (between 
Buena Vista Road and North Main Street); and

• A permanent intertie pumping plant (with a 
pumping rate of approximately 12 million 
gallons per day) at the Walnut Creek raw 
water pumping plant with remote control and 
instrumentation. 

Untreated Water Option: 

• Replacement or retrofi t of one or two existing 
60-inch check valves; and

• Interconnection between Mokelumne 
Aqueduct Nos. 1 and 3 with two 54-inch 
isolation valves.

• Additional treatment could be required at one 
or more of EBMUD’s existing water treatment 
plants depending upon aqueduct confi guration 
and EBMUD’s raw water system operation.
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Expand Los Vaqueros
Reservoir

Future Expansion Potential Facilities

• New treatment facilities would need to be 
constructed at one or more of EBMUD’s 
existing in-line water treatment plants 
or in another to-be-determined location. 
Treatment would include the following 
processes: coagulation/fl occulation, 
sedimentation, and chemical feed;

• Replacement or retrofi t of one or two 
existing 60-inch check valves; and

• A new interconnection between Mokelumne 
Aqueduct Nos. 1 and 3 would be installed 
with two 54-inch isolation valves. 

Aqueduct to an existing EBMUD raw water 
reservoir for treatment at an existing EBMUD 
water treatment facility or, depending on the 
results of project-specifi c water quality stud-
ies, it could possibly be sent directly to one 
of EBMUD’s in-line treatment facilities which 
treat water directly from the aqueducts. The 
latter alternative would require that additional 
treatment processes be installed at the in-
line plants. Following treatment, the water 
would be delivered to customers within the 
EBMUD service area.

one or more of EBMUD’s existing in-line water 
treatment plants or in another location. As with 
the current expansion, EBMUD would consider 
multiple sources of water for delivery to CCWD 
in wetter years, including water obtained through 
transfers, EBMUD’s CVP water or EBMUD’s 
Mokelumne River water. 

Future Expansion Operation

EBMUD would store water with CCWD during 
non-drought years and would receive water 
during drought years. In drought years, the 
future expansion could provide EBMUD with 
supplemental supplies to meet anticipated need 
of up to 100 TAF of storage delivered at a rate 
of 45 MGD, primarily during years 2 and 3 of 
a drought. It is possible that water would be 
delivered in drought year 1 or during other non-
drought situations, but this cannot be determined 
at this stage. This operation would require the 
use of EBMUD’s Walnut Creek Pumping Plant 
which pumps raw water in the Mokelumne Aque-
ducts.

Current Expansion Operation

EBMUD would store water with CCWD during 
non-drought years and would receive water 
during drought years.

Treated Water Options: During drought years, 
the current expansion and a treated water 
connection could create an additional 18 to 21 
TAF of storage for supplemental supplies for 
EBMUD, and allow delivery of about 8 MGD of 
water supply in the second and third years of a 
drought, or at other times if needed.

Untreated Water Option: During drought years, 
the current expansion could meet EBMUD’s 
anticipated need for an additional 29 TAF deliv-
ered at a rate of about 45 MGD during years 2 
and 3 of a drought; however, it is also possible 
that water would be delivered in drought year 
1 or during other non-drought situations. This 
operation requires the use of EBMUD’s Walnut 
Creek Pumping Plant which pumps raw water in 
the Mokelumne Aqueducts.

Future Expansion 

Similar to the Untreated Water Option for 
the current expansion, participation in the 
future expansion would involve the transfer of 
untreated water to EBMUD from Los Vaque-
ros; however, due to the water quantities and 
quality, it would also require the construction of 
new treatment facilities to be located either at 
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Buckhorn Canyon Reservoir

This component would involve constructing an earth fi ll dam 
for a terminal reservoir at Buckhorn Canyon, north of Castro 

Valley, about one-eighth mile up the eastern arm of EBMUD’s 
Upper San Leandro (USL) Reservoir (see Figure 6-10). The new 
reservoir, which would be located within lands currently owned by 
EBMUD, would provide a maximum capacity of 143,000 AF. The 
spillway crest of the dam would be at 745 feet above sea level.

Operation

The reservoir would be fi lled by water pumped through the Moraga 
Aqueduct when it is available. When in use, water would fl ow via 
gravity back to the Lafayette Aqueducts and be treated at the 
Sobrante Water Treatment Plant (WTP) or would fl ow via gravity 
to the USL WTP. The reservoir would be operated continuously 
(year-round) as base supply in all years. During dry years, the 
reservoir would provide 43 MGD in each dry year up to three dry 
years in a row, or sustain for a longer duration if less water is used 
in each dry year.

Figure 6-10 Buckhorn Canyon Reservoir Component Location: Inundation Area

Buckhorn Canyon Reservoir

Facilities Required

In addition to the new dam:

• A 5,100 horsepower 
(hp) pumping plant that 
conveys water from the 
Moraga Aqueduct to 
the Buckhorn Canyon 
Reservoir;

• A 6,200-foot tunnel; and 

• A 23,000-foot pipeline.

V ll
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Notes: 
1 The extent of the existing pool and new inundation area on this image is approximate. 
2 On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 Portfolio.

Figure 6-11 Enlarge Pardee Reservoir Component: Increase in Inundation Area
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Enlarge Pardee Reservoir 

The existing Pardee Reservoir has a 
licensed capacity of 197,950 acre-feet 

(AF) behind a 345-foot-high concrete dam on the 
Mokelumne River based on an Engineering Fea-
sibility Study prepared in the 1990s. Enlargement 
of the reservoir could potentially increase storage 
capacity by 126,000 AF. 

The PEIR for the 2009 WSMP 2040 was chal-
lenged in court. On April 24, 2012, the EBMUD 
Board removed the Enlarge Pardee Reservoir 
component from the WSMP 2040 Portfolio.

Enlarge Lower Bear Reservoir

The existing Lower Bear Reservoir, 
owned by PG&E, is located approxi-

mately 35 miles northeast of Jackson. In con-
junction with Upper Bear Reservoir, the two 
facilities provide water to water agencies and 
private users in fi ve counties. 

A possibility for enlarging Lower Bear Reservoir 
involves raising the dam by 32 feet to increase 
surface water storage capacity within the upper 
Mokelumne watershed. Figure 6-12 shows the 
increase in inundation area from enlargement of 
the reservoir. Previous studies by Amador Water 
Agency suggest that Lower Bear Reservoir 
would provide 18,300 AF of additional yield (Wil-

(AF) b h t l
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lard, 2005). For the purposes of the WSMP 2040, 
it is assumed that EBMUD, as a project partner, 
might receive approximately 4,500 AF during a 
wet or normal year and 2,500 AF during a dry 
year. When this WSMP 2040 was published, 
EBMUD had entered into a partnering agreement 
with Amador Water Agency, Calaveras County 
Water Agency, and San Joaquin County on a 
feasibility study to review the option of enlarging 
Lower Bear Reservoir. As part of that effort, more 
information will be developed regarding potential 
yield and the possible sharing of yield by project 
partners. The yield assumed for the WSMP 2040 
effort may therefore differ from pending study 
estimates.

Figure 6-12 Enlarge Lower Bear Reservoir Component: Increase in Inundation Area

Note: The extent of the existing pool and new inundation area on this image is approximate. 

Potential Facilities
In addition to the modifi ed dam, other facili-
ties to be refurbished or constructed include an 
upgraded intake structure and spillways, roads 
and relocation of existing recreation facilities.

Enlarge Lower Bear Reservoir

Operation

The operation scheme for the enlarged reser-
voir has not yet been determined and would 
depend on the engineering design and the 
participants involved.
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Figure 6-13 Potential Regional Desalination Location

Regional Desalination

EBMUD, in partnership with Contra 
Costa Water District (CCWD), the San 

Francisco Public Utilities Commission (SFPUC), 
and the Santa Clara Valley Water District 
(SCVWD), is exploring development of the Bay 
Area Regional Desalination Project, which could 
consist of one or more desalination facilities. 
Under the WSMP 2040 Portfolio presented in the 
2009 WSMP 2040, the presumed capacity of the 
completed project is 71 MGD, of which EBMUD’s 
share would be 20 MGD. In the revised WSMP 
2040, it is assumed that EBMUD’s share would 
be approximately 4 to 5 MGD.

Three desalination plant locations are being 
considered by the project partners: an Oceans-
ide site in San Francisco, a Near Bay Bridge 
site in Oakland, and an East Contra Costa site 
in the west Delta in the vicinity of the south 
shore of Suisun Bay. 

The Pittsburg site at CCWD’s Mallard Slough 
Pump Station is currently hosting a pilot test 
of desalination technology to collect data on 
technical feasibility (pre-treatment options, 
membrane performance, design parameters) 
and to determine environmental impacts (brine 
disposal, marine life screening systems). The 
pilot study is scheduled to be completed in June 
2009. This PEIR for the WSMP 2040 assumed 
the East Contra Costa site would be selected 
(see Figure 6-13). 

The project location for a permanent regional 
desalination facility has not been selected. 
It could be one of the other two sites consid-
ered, or an entirely different location. 

Alameda County Water District’s Brackish Water 
Desalination Plant in Newark (dedicated in 2003) 
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LEAD at C&H Sugar

The Low Energy Application of 
Desalination (LEAD) at C&H Sugar 

component would draw from a portion of the 23 
MGD of Carquinez Strait water that C&H uses, 
following its use in plant operations, to produce 
up to 1.5 MGD of potable-quality water for 
use by C&H in place of potable water from the 
EBMUD water distribution System. 

The LEAD component is unique in that it would 
use recovered steam to power the desalination 
facility. The steam energy would be recovered 
by replacing existing steam pressure-reducing 
equipment with a modern power generating unit. 

Potential Facilities

• Desalination plant;

• Transmission and distribution pipelines;

• Water intake; and

• Outfall and brine disposal mechanism.

Regional Desalination

Figure 6-14 LEAD at C&H Sugar Component Location

Operation

The desalination plant would be operated inter-
mittently as a dry-year supplemental supply, 
subject to specifi c agreements between the 
partner agencies.
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6.2 Screening Process

6.2.1 Screening Criteria

As described in Section 2.1 (Table 2-1), WSMP 2040 Planning 
Objectives, the WSMP 2040 planning objectives are organized 
into four objective categories: 

• Operations, Engineering, Legal & Institutional;

• Economic;

• Public Health, Safety & Community; and

• Environmental.

Screening criteria for use in evaluating the individual components 
as well as the portfolios were developed as part of the WSMP 
2040. 

Exclusion and Evaluation Criteria

Exclusion criteria were used in the fi rst round of screening to 
eliminate components that did not fulfi ll the basic objectives of the 
WSMP 2040. The exclusion criteria provide the “fatal fl aw” analy-
sis through a binary (yes or no) decision: either a component did 
or did not meet the criterion. 

Any component that did not meet any one exclusion criteria, by 
defi nition, failed to meet the planning objectives and was elimi-
nated from further study. 

Evaluation criteria were used in the second stage of screening to 
provide a more detailed assessment of the remaining components. 
The evaluation criteria, rather than involving a binary decision, 
were used to compare and array the components for their relative 
satisfaction of a criterion. A high score indicated high response to 
the criteria and a low score indicated a low response to the criteria 
(or High = Good, Low = Bad).

Components were scored within but not across component 
classes (i.e., conservation, recycled water, and supplemental 
supply). For example, a “High” score for a supplemental supply 
component under the minimize the system’s operational fl exibility 
criteria is not the same as a “High” score for a recycled water com-
ponent under the same criteria. 

The same set of objectives and criteria were used to evaluate 
conservation level components, recycled water components, 
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and supplemental supply components. The full list of criteria was 
viewed as a menu of possible criteria and individual criteria were 
only used if they were able to help distinguish between the com-
ponents. Some criteria were used to evaluate all of the component 
categories, but others were only useful for some of the component 
category evaluation. For example, the criterion to minimize disrup-
tions in water service during construction was used in the supple-
mental supply and recycled water component evaluation because 
these components would require construction and connection 
activities to the EBMUD water supply system that have the poten-
tial to disrupt water service. This criterion was not used, however, 
in evaluation of the conservation levels, as construction would not 
be required for any of the conservation level components and did 
not help in evaluating the difference between components. 

Appendix B provides additional detail on the screening criteria as 
well as on the component and portfolio screening and evaluation 
process.

6.2.2 Rationing Level Screening 

Rationing at 0%, 10%, 15% and 25% were considered 
in the initial portfolio development, and the 0% and 25% 
rationing levels were eliminated from further consideration. The 
10%, 15% and 20% rationing levels were tested in several of the 
Primary Portfolios to determine the associated impact on EBMUD 
customers. 

Under each rationing level, the amount of rationing for the different 
customer classes varies, (as shown in Table 6-6). The distribution 
of rationing across customer classes is based on the total demand 
of each customer class, the outdoor water use of each class, and 
the potential economic impact on the service area as a whole. 
The triggers to determine when rationing would be initiated would 
follow the existing DMP. 

The average frequency of rationing event occurrence was deter-
mined by modeling the Primary Portfolios at several different 
rationing levels. At a 15% rationing goal, mandatory rationing 
occurs 30% more frequently than at a 10% rationing goal. At a 
20% rationing goal, mandatory rationing occurs 80% more fre-
quently than at a 10% rationing goal. 

The level of variation (or risk) associated with the 3 rationing levels 
was also analyzed. At 20% rationing, although the median total 
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cost of a portfolio is only somewhat higher than 
at 10% and 15% rationing, the variability in 
the potential cost of the portfolio, or the risk, is 
larger. The dashed orange line in Figure 6-15 
indicates that the range of variation in cost 
increases as a higher rationing level is chosen.

Table 6-6: Customer Class Percentage 
Cutbacks under 20%, 15% and 10% System-
Wide Average Rationing

Customer 
Class

20% 
Rationing 

(%)

15% 
Rationing 

(%)

10% 
Rationing 

(%)
Single-
Family

24 19 12

Multi-Family 15 11 7

Commercial 16 12 8

Institutional 13 9 6

Industrial 7 5 3

Irrigation 39 30 19

Figure 6-15 Rationing Level - Risk

Preferred Level of Rationing

Up to 15% Rationing was favored for the     
Preferred Portfolio because it represents a 
reduction from the current 25% level and 
recognizes the challenges customers will have 
rationing in the future given the additional level 
of conservation for the WSMP 2040 Plan. 

Fixing leaks will help conserve water and meet 
rationing goals 
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6.2.3 Conservation Level 
Screening 

Conservation Levels B, C, D, and E were 
brought forward into the initial portfolio building 
and were tested in at least one portfolio. (Level 
A is essentially included in each of the other 
levels as it is the required plumbing code).

Conservation Levels B and E were eliminated 
in this stage - Conservation Level B because it 
provides less than the District’s current level of 
investment in conservation and Conservation 
Level E because the small increment of water 
savings gained over Conservation Level D 
comes at very high cost.

6.2.4 Recycled Water Level 
Screening 

All three recycled water levels were included in 
the initial portfolio building. Recycling Level 1 
(0 MGD) was tested in 2 out of 14 portfolios and 
eliminated from further consideration, as this 
level did not advance recycled water programs 
any further than current District goals.

Recycling Levels 2 and 3 were tested in the fi ve 
Primary Portfolios (Table 6-7). 

Table 6-7: Recycled Water Levels 2 and 3 
Comparison

Recycled Water 
Level Level 2 Level 3

Yield (MGD) 5 11

Total Cost (NPV)* $97 Million $277 MIllion

Rate Increase (%) 2.2 6.4

Rate Difference (%) - 4.2

6.2.5 Supplemental Supply 
Components Screening

Following the fi rst stage of 
component consideration (as 
described in Section 6.1.4), each 
of the remaining supplemental supply compo-
nents was scored using the evaluation screen-
ing criteria. 

Any component that received an extremely low 
score on select “fatal fl aw” evaluation criteria 
was eliminated from further consideration. Addi-
tional detail on the screening process and the 
eliminated components is provided in Appendix 
B. The components brought forward into the 
portfolio development are shown in Table 6-5. 

All of the components described in Table 6-5 
with the exception of the Buckhorn Canyon 
Reservoir and the LEAD at C&H Sugar com-
ponents were brought forward into the WSMP 
2040 Portfolio.

The LEAD at C&H Sugar Component was 
eliminated because its very small yield does 
not outweigh the risk and investment of build-
ing a facility on an active industrial property that 
EBMUD would not own.

The Buckhorn Canyon Reservoir Component 
was eliminated from further consideration due 
to concerns expressed by stakeholders as 
shown in Table 6-8. 

As part of the revision of the WSMP 2040 fol-
lowing the legal challenge, the Enlarge Pardee 
Reservoir component is no longer included in 
the WSMP 2040 Portfolio.
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Buckhorn Canyon with potential 
inundation zone (see Figure 6-10 
for entire image)

Table 6-8: Buckhorn Canyon Pros and Cons

Pros Cons

West of Delta storage
Inundates approximately 7 miles of 
stream 

High operational fl exibility Alters 40 acres of wetlands

High water quality of Mokelumne 
River

Inundates known habitat for Alameda 
whipsnake & sensitive fi sh species

Relatively remote EBMUD land

Very limited access. Traffi c, noise, and 
air quality construction-related impacts 
(120 Truck trips daily for 2.5-3 years 
for Dam Construction and 120 Truck 
trips daily for 10 months for Pipeline 
construction; Vehicular emissions and 
dust generation at all construction 
sites. Most affected would be the 155 
residences, college, library, and schools 
within 100 feet of pipeline construction. 
Effects would be short-term.1)

High elevation - Gravity fl ow Controversial history

No displacement of residences or 
land use

Would require an appropriative right for 
Buckhorn Creek and a process before 
the State Water Resource Control Board

Lowest cost to District of the 5 
portfolios

1 East Bay Municipal Utility District (EBMUD). 1988. Water Supply Management Program 
Revised Draft Environmental Impact Report. September.
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6.3	 Portfolio	Development

As described in Section 2.2, the development of alternative water 
supply portfolios was a robust and detailed evaluation of a wide 
range of potential water supply solutions.

Using the results of the criteria screening process, the narrowed 
list of water supply components was assembled into 14 portfolios 
(see Figure 6-16). 

6.3.1	 Portfolio	Modeling

An integrated water supply model (as described in Section 2.3.4), 
the WEAP-EBMUDSIM (W-E) model, was used for portfolio evalu-
ation to assess climate change impacts on EBMUD’s water supply 
system, and to calculate portfolio costs. 

The W-E model was used to assess portfolio performance under 
different hydrologic conditions and future supply and demand 
scenarios. Two distinct modeling approaches, the Fixed Level of 
Development (FLOD) Approach and the Indexed Sequential (IS) 
Approach, were used. The FLOD approach was used to evaluate 
performance for the initial set of 14 portfolios and to provide rough 
cost comparisons. The IS approach was used for detailed analy-
ses of subsequent portfolios and to estimate the range of costs  
(in net present value) of portfolios. 

The five Primary Portfolios carried forward for analysis in the 
WSMP 2040 are identified in Figure 6-17 with bolded arrows. Two 
of the portfolios (Portfolio 1 and 2) failed the modeling analysis, 
as they did not provide ample water to meet the Need for Water 
and did not satisfy operational constraints. In addition, Portfolios 1 
and 2 were not able to meet the capacity limitations of the aque-
ducts and East Bay water treatment plants. Several of the other 
portfolios were consolidated, as it was determined that modeling a 
smaller number of portfolios would provide insight on the remain-
ing range of rationing, conservation and recycled water levels, as 
well as supplemental supply components. The levels or compo-
nents listed in Table 6-9 were held from further consideration after 
this initial round of modeling.

Portfolio Design

The portfolios were designed 
to meet the Need for Water 
at a selected rationing level. 
Portfolios were also designed 
to suit specific themes  
including:

• Low Customer Impact

• Flexibility in Case of 
Future Extended Drought 
or Climate Change

• Upcountry Surface 
Storage Emphasis

• Groundwater Storage

• Regional Partnerships

• Emergency Reliability A  
(west of delta surface 
storage)

• Emergency Reliability B 
(west of delta  
production including 
desalination, recycled 
water, and conservation)

• Diversified

• Conservation & Recycling 
Emphasis

• Low Carbon Footprint

• Low Capital Cost / Low 
Structural
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3
Upcountry Surface Storage 
Emphasis

Portfolio 2 with increased rationing & 
conservation & no recycling or desal. • 37 0 51.2

4 Groundwater Storage
Portfolio 3, but replace surface storage with 
groundwater, & increase conservation, recycling, • 39 5 4.2 15 9 17.44 Groundwater Storage groundwater, & increase conservation, recycling, 
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• 39 5 4.2 15 9 17.4

5 Regional Partnerships All partnership projects & conservation. • 37 5 4.2 4.5 20 17.4 2.2

6 Emergency Reliability - A West of delta surface storage. • 37 5 42
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Notes: 1 Groundwater Banking/Exchange (Sacramento Basin) component must be coupled with a transfer water component.
2 If Conservation Level E is chosen for a portfolio, rationing is capped at 15%.
3 These Alternatives were developed following input from the Board of Directors.
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Figure	6-16 Portfolio Development
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3
Upcountry Surface Storage 
Emphasis

Portfolio 2 with increased rationing & 
conservation & no recycling or desal. • 37 0 51.2

4 Groundwater Storage
Portfolio 3, but replace surface storage with 
groundwater, & increase conservation, recycling, • 39 5 4.2 15 9 17.44 Groundwater Storage groundwater, & increase conservation, recycling, 
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• 39 5 4.2 15 9 17.4

5 Regional Partnerships All partnership projects & conservation. • 37 5 4.2 4.5 20 17.4 2.2
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Balanced levels of conservation & recycling, non-
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Mokelumne sources - transfers, desal, Bayside. • 37 5 10 9 20

9
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Emphasis
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11 Low Capital Cost / Low Structural 25% rationing, conservation, & transfers. • 29 0 30

12 "Alternative 12"3 • 37 11 4.2 27 9 1.5

13 "Alternative 13"3 39 11 8 9•

14 "Alternative 14"3 • 37 11 9
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Notes: 1 Groundwater Banking/Exchange (Sacramento Basin) component must be coupled with a transfer water component.
2 If Conservation Level E is chosen for a portfolio, rationing is capped at 15%.
3 These Alternatives were developed following input from the Board of Directors.

 EDAW 

Note: On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 
Portfolio.
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Figure	6-17	Portfolio Evaluation and Recommendations
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H = High Response to Evaluation Criteria;     L = Low Response to Evaluation Criteria;                                                  X = Hold from Further Consideration;                                 = Carry Forward as Primary Portfolio for Further Refinement & Testing

6-36  WSMP 2040 Final April 2012



• Minimize the 
vulnerability & 
risk of 
disruptions 
(i.e., 
reliability ).

• Maximize the 
system’s 
operational 
flexibility .  

• Minimize 
institutional & 
legal 
complexities  & 
barriers.

• Maximize 
partnerships  & 
regional 
solutions.

• Minimize the 
financial cost 
to the District 
of meeting 
customer 
demands for 
given level of 
system 
reliability.

• Minimize 
customer 
water shortage 
costs.

• Minimize 
potential 
adverse 
impacts to the 
public health 
of District 
customers. 
• Maximize 
use of water 

• Minimize long-
term adverse 
community 
impacts 
• Minimize 
adverse social 
effects .
• Minimize 
conflicts with 
existing & 

• Minimize 
adverse 
impacts on the 
environment .
• Minimize 
construction & 
operation 
effects on 
environmentall

• Minimize short 
term & long 
term 
greenhouse 
gas emissions 
from 
construction.
• Maximize 
energy 
efficiency P

o
rt

fo
lio

 N
u

m
b

e
r

Rationale/Notes

Operations, Engineering, Legal & Institutional
Public Health, Safety & 

Community
Environmental

Portfolio Theme

P
o

rt
fo

lio
 N

u
m

b
e

r

Economic 

from the best 
available 
source. 

g
planned 
facilities, 
utilities & 
transportation 
facilities.  

y sensitive 
resources . 

y
associated with 
operations & 
maintenance. 
• Maximize 
contributions to 
AB 32 goals.

1 Low Customer Impact 1 X 

2 Flexibility for Future Extended 
Drought or Climate Change 2 X 

3
Upcountry Surface Storage 
Emphasis H H H+ 3 Combine with P-10

4 Groundwater Storage H L H L H H 4
Includes both Sac & SJ Groundwater 
Banking/Exchange

Failed Modeling Analysis

Failed Modeling Analysis

P

Banking/Exchange

5 Regional Partnerships H L H L H L L 5
Most robust number of Components, 
including Desalination

6 Emergency Reliability - A H+ H+ L L 6
Buckhorn storage - Highest Ops & 
Engineering scores

7 Emergency Reliability - B H L L L L 7 Heavy reliance on Desalination ?

8 Diversified H L L L 8 Reliance on Desalination ?

9
Conservation & Recycling 
Emphasis H L L 9 Conservation Level E - Cost Effectiveness?

10 Low Carbon Footprint H H+ 10
P-3 with Rationing at 15% & 
Recycling Level 2

11
Low Capital Cost / Low 
Structural L H L H 11

Cost to customer of 25% Rationing is 
Prohibitive X 

12 "Alternative 12" L H L H L H H 12
Heavy reliance on a Water Transfer of 27 
MGD in dry years

13 "Alternative 13" L L L H 13
20% Rationing can be tested in Portfolios 4 
& 12

   

14 "Alternative 14" H L L L H 14
Cost to customer of 25% Rationing is 
Prohibitive X 

H = High Response to Evaluation Criteria;     L = Low Response to Evaluation Criteria;                                                  X = Hold from Further Consideration;                                 = Carry Forward as Primary Portfolio for Further Refinement & Testing

Note: Portfolios 1, 2, 3, and 10 include the Enlarge Pardee Reservoir component. On April 24, 2012, the EBMUD Board 
removed the Enlarge Pardee Reservoir component from the WSMP 2040 Portfolio.
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Summary	of	Eliminated	Portfolios

These portfolios were examined and subsequently eliminated:

•	 Portfolio	1	–	Low	Carbon	Footprint	and	Portfolio	2	–	Flexibility	
for	Future	Extended	Drought	or	Climate	Change	
Failed to meet the Need for Water. 

•	 Portfolio	3	–	Upcountry	Surface	Storage	Closely mimicked 
Portfolio D and the Enlarge Pardee Reservoir level could be 
tested in that Portfolio. In addition, Recycled Water Level 1 
(0 MGD) was eliminated from all portfolios.

•	 Portfolio	7	–	Emergency	Reliability	and	Portfolio	8	–	
Diversified 
Heavy reliance on desalination above and beyond other 
elements; other portfolios offered a more “diversified” 
approach. 

•	 Portfolio	9	–	Conservation	&	Recycled	Water		
Included the very highest level of conservation (Level E at 
41 MGD), but not as cost-effective as Conservation Level D 
(39 MGD).

•	 Portfolio	11 –	Low	Capital	Cost 
Included the highest rationing level of 25 percent but cost of 
this rationing level was found to be prohibitive. 

•	 Portfolio	13 –	“Alternative	13”	
Closely mimicked Portfolio A; 20 percent rationing level 
could be tested in Portfolio A. 

•	 Portfolio	14 –	“Alternative	14”	
High cost of the 25 percent rationing level.

Conclusions	from	the		
Modeling	Analysis	

of	the	Initial	14	Portfolios
Conveyance	and	Treatment	
Operations

• All portfolios except 
Portfolios 1 and 2 meet 
the annual Need for Water 
and satisfy operational 
constraints. 

• Portfolios 1 and 2 do 
not work because of 
capacity limitations of 
the aqueducts and water 
treatment plants.

• In the third year of a 
drought, sources other 
than Mokelumne water 
are required. Not all 
of these sources can 
be treated at existing 
water treatment plants. 
Therefore, pretreatment 
is needed before entering 
the EBMUD aqueduct 
system.

• All portfolios except 
Portfolio 6 require 
Upcountry pretreatment.

Regional	Desalination

• Desalinated water from 
the Pittsburg location 
would be treated a second 
time at EBMUD treatment 
plants due to transmission 
system configuration.

• Water cannot be delivered 
from Pittsburg to partners 
during peak summer 
months.

Rationing

• Portfolios 11 and 14 
have the highest level 
of rationing at 25%. 
Rationing is triggered 
more often in these 
portfolios than others and 
cost of water shortage is 
the highest. 

Table 6-9: Components Held from Further Consideration after 
the First Round of Modeling

Component 
Category

Level/Component Held from Further 
Consideration

Rationing 0% and 25%

Conservation Level B (29 MGD) and Level E (41 MGD)

Recycled Water Level 1 (0 MGD)

Supplemental Supply LEAD at C&H Sugar

Note: More information on why the above components were held from further 
consideration is provided in Section 6.1, Section 6.2, and Appendix B.
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Figure	6-18	Primary Portfolio Composition

The five Primary Portfolios that were 
carried forward were renamed:

• Formerly Portfolio 4 → Portfolio	A

• Formerly Portfolio 5 →	Portfolio	B

• Formerly Portfolio 6 → Portfolio	C

• Formerly Portfolio 10 → Portfolio	D

• Formerly Portfolio 12 → Portfolio	E

6.3.2	 Primary	Portfolios

All portfolios carried forward for analysis 
include rationing at levels of either 10, 15 
or 20 percent, conservation savings of 
either 37 or 39 MGD, and recycled water at 
either the 5 or 11 MGD level (Figure 6-18). 
Each portfolio has a different theme and 
“cornerstone” component. 
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Figure	6-19	Portfolio A Groundwater/Conjunctive Use and Water Transfers

Portfolio	A	
Groundwater/Conjunctive	Use	and		
Water	Transfers

Emphasizes water production through water 
transfers and conjunctive use (groundwater) 
projects (Figure 6-19). Three groundwater 
projects would be combined with 15 MGD  
of water transfers, 39 MGD of conservation 
savings, and 5 MGD of recycled water proj-
ects. A 10 percent rationing level would be 
established.

The estimated dates for when the compo-
nents would be online are shown in Table 
6-10. While it appears on paper that excess 
water production capacity could be available 
in some years before it is needed to meet the 
Need for Water (Figure 6-20), this may not 

turn out to be the case. For example, the  
long lead time necessary to develop the  
Sacramento Basin Groundwater Banking / 
Exchange component (needed at the very 
end of the 2040 planning horizon) requires 
bringing the facility online 10 years earlier. 
During the bulk of those years, the project 
may be operated more in a storage mode 
rather than a withdrawal / extraction mode. 
Likewise, full utilization of San Joaquin area 
groundwater resources in 2040 requires ini-
tiation of that project in 2025 (and the opera-
tion of that project as well would be used for 
storage in some years, extraction in others).

Figure 6-20 also is a simplification of a  
complex modeling sequence - the figure 
depicts that each component is used to its 
maximum capacity in all years; however, in 
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the modeling as well as in reality, components 
would only be used as needed given hydrology 
of any given year and situation. The supple-
mental supply components included in Portfo-
lio A are small to moderately sized, so supply 
would not be brought online until it is needed 
to meet the Need for Water.

Portfolio A places heavy reliance on overcom-
ing all obstacles to implement groundwater 
storage and recovery and repeated success 
in securing water transfers. Transfers need to 
be in place as early as 2010 (see the “question 
mark” indicator as provided in Figure 6-20). 
While this is the same risk as for the WSMP 
2040 Portfolio, Portfolio A does not include any 
other supplemental supplies. Institutional and 
legal complexities may also be encountered 
with implementing each of the components. 
For example, the timing of recycled water proj-
ect implementation is subject to the availability 
of funding opportunities. Therefore, the 5 MGD 
of recycled water included in Portfolio A may 
not come online by the projected 2015 date. 

In addition, finding and securing water trans-
fers for 15 MGD starting in 2010, overcoming 
the institutional hurdles associated with the 
San Joaquin Basin Groundwater Banking / 
Exchange component, and overcoming local 
concerns about the Bayside Groundwater 
Project Phase 2, are just some of the chal-
lenges that may be encountered when imple-
menting Portfolio A.

Components of this portfolio would require  
use of the Freeport facilities as well as the 
Mokelumne Aqueducts for transporting water 
to the East Bay Terminal Reservoirs and  
treatment plants.

Pumping and energy requirements for Port-
folio A are moderate and primarily related to 
the energy required for pumping and treating 
groundwater and recycled water. Total elec-
tricity use attributed to Portfolio A would range 
from a maximum of 154,259 megawatt-hours 
(MWh) to a minimum of 125,329 MWh, with a 
median electricity use of 136,487 MWh.

Table 6-10: Portfolio A Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 10% 22 20101

Conservation Level D 39
Comes online throughout the 2010-2040 
planning period with the full 39 MGD 
being achieved in 2040

Recycled Water Level 2 5 Achieved by 2015

Supplemental 
Supply

Northern California Water 
Transfers 15 2010

Bayside Groundwater Project 
Phase 2 9 2013

Sacramento Basin Groundwater 
Banking / Exchange 4.2 2027

San Joaquin Basin Groundwater 
Banking / Exchange 17.4 2022

1  As a practical matter, EBMUD will be unable to reduce rationing to 10 percent until it develops additional dry-year 
supplemental water supplies.
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Figure	6-20	Portfolio A Meets the Need for Water over the Planning Period

Key	

C = Conservation 

RW = Recycled Water 

T = Transfer 

SJGW = San Joaquin 

Groundwater 

SacGW = Sacramento 

Groundwater 

BGW2 = Bayside 

Groundwater Project 

Phase 2

Table 6-11: CLC Feedback for Portfolio A

Pros Cons

Widest range of benefits

Must overcome public 
objections to Bayside 
Groundwater Project 
Phase 2 component

Would promote regional 
cooperation Costly

Least environmental 
impacts

High dependence on 
complicated transfers, 
difficult to implement

Encourages efficiency in 
the agricultural sector

Provides a safety net

Diverse supply increases 
likelihood of success

Portfolios A, C, and E all have similar median 
total electricity use and similar median green-
house gas emissions. Total greenhouse gas 
emissions from Portfolio A would range from 
a maximum of 290 million metric tons of CO2 
to a minimum of 236, with a median emission 
level of 257. 

Portfolio A would increase operational flex-
ibility of the EBMUD water supply system, as 
it would provide a variety of both East Bay and 
Upcountry projects. Providing additional dry 
year storage on the west side of the Delta at 
Bayside would contribute to the District’s ability 
to meet the 6-month local storage criterion. 
Portfolio A would provide approximately 173 
days (5.8 months) of standby storage from May 
through October and 184 days (6.1 months) of 
standby storage from November through April 
based on a 2040 Demand. This portfolio would 
also provide several opportunities for EBMUD 
to partner with other local and Upcountry water 
districts.
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Portfolio	B		
Regional	Partnerships

Portfolio B consists of 37 MGD of conser-
vation, 5 MGD of recycled water, a small 
water transfer, and 10 percent rationing. It 
is uniquely characterized by its use of avail-
able partnership projects: a mix of ground-
water projects, regional desalination, and 
enlargement of Lower Bear Reservoir (see 
Figure 6-21 and Table 6-12). This emphasis 
increases the chance of success for large 
projects (such as regional desalination) that 
could otherwise prove to be difficult for any 
one agency to develop and permit.

As with Portfolio A, it may appear that more 
water would be available in later years 
than is needed to meet the Need for Water 
(Figure 6-22), and that the Sacramento Basin 
Groundwater Banking / Exchange component 
is not needed to meet the Need for Water 
in all years. This approach is necessary to 
account for long project lead time coupled 
with the operational characteristics of the 
conjunctive use elements.

Again, the approach is to develop the supple-
mental water supply components that are 
most feasible according to the circumstances 
that arise during the 2010-2040 planning 
period. As an implementation scheduling 
example (beyond the conjunctive use ele-
ments discussed previously), the Regional 
Desalination component, although it has the 
capacity to provide excess water for approxi-
mately 5 years (until it is needed in full to 
meet the Need for Water in 2020), at least 
10 MGD needs to be online by 2015 to avoid 
a shortfall in that given water year. To guard 
against potential growth-inducing effects of 
short-term surplus water supply, EBMUD 
would match the use of Regional Desalina-
tion to the Need for Water in a given year.

In a similar manner, the Enlarge Lower Bear 
Reservoir component is needed to meet the 
2040 level of demand, but modeling indicates 
it is required by year 2027 to meet a short-
term need for water until conservation can be 
fully implemented and the San Joaquin Basin 
Groundwater Banking / Exchange component 
is functional (Table 6-12). As a fall-back option, 
a short-term water transfer in 2027 could be 
used to provide an equivalent amount of water 
in place of the Enlarge Lower Bear Reservoir 
component.

A weakness of Portfolio B is that heavy reli-
ance is placed on a Regional Desalination 
project being permitted, built and online by 
2015 (see question mark in Figure 6-22). 
There are currently significant challenges to 
successfully implementing a large regional 
desalination project in California, particularly 
one that could potentially be sited in the Delta. 
EBMUD views that a more realistic time frame 
for implementation may be 2030. 

Additional challenges exist in getting the Port-
folio B components online at the necessary 
date to meet the Need for Water. For example, 
the recycled water project implementation is 
subject to the availability of funding opportuni-
ties and therefore, the 5 MGD of recycled water 
included in Portfolio B may not be able to come 
online by the projected 2015 date. Institutional 
and legal complexities may be encountered 
with implementing each of the components. 

Operational considerations result from the 
inclusion of the Regional Desalination com-
ponent in this Portfolio. Water would initially 
be desalinated using one-pass or two-pass 
reverse osmosis (RO). The desalinated water 
would be transported to the Mokelumne Aque-
ducts via a pump station and pipeline. Water 
distributed through the Mokelumne Aqueducts 
would need to be treated a second time at 
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Table 6-12: Portfolio B Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 10% 22 20101

Conservation Level C 37
Comes online throughout the 2010-2040 
planning period with the full 37 MGD 
being achieved in 2040

Recycled Water Level 2 5 Achieved by 2015

Supplemental 
Supply

Northern California Water 
Transfers 4.5 2010

Sacramento Basin Groundwater 
Banking / Exchange 4.2 2029

Regional Desalination 20 2012

Enlarge Lower Bear Reservoir 2.2 2027

San Joaquin Basin Groundwater 
Banking / Exchange 17.4 2022

1 As a practical matter, EBMUD will be unable to reduce rationing to 10 percent until it develops additional dry year 
supplemental water supplies.

Figure	6-21	Portfolio B Regional Partnerships
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EBMUD treatment plants due to transmission 
system configuration. Pumping and energy 
requirements for Portfolio B are high, primarily 
related to the energy required for the desali-
nation process, as well as for pumping and 
treating groundwater and recycled water. Total 
electricity use attributed to Portfolio B would 
range from a maximum of 179,312 MWh to a 
minimum of 142,452 MWh, with a median elec-
tricity use of 154,753 MWh. Total greenhouse 
gas emissions from Portfolio B would range 
from a maximum of 338 million metric tons of 
CO2 to a minimum of 268, with a median emis-
sion level of 291. Portfolio B has the highest 
median electricity use and median greenhouse 
gas emission level of all the portfolios.

Portfolio B would provide additional dry-year 
water availability on the west side of the Delta 
through use of the Regional Desalination com-
ponent. Although it would use the Mokelumne 
Aqueducts to transport water to the East Bay 
Terminal Reservoirs and treatment plants, it 

would connect with the aqueducts west of the 
Delta and is therefore less likely to be affected 
by Delta failure. This component would contrib-
ute to the District’s ability to meet the 6-month 
local storage criterion. Portfolio B would provide 
approximately 188 days (6.3 months) of standby 
storage from May through October and 195 days 
(6.5 months) of standby storage from November 
through April based on a 2040 Demand.

Key	

T = Transfer 

C = Conservation 

RW = Recycled Water

SJGW = San Joaquin 

Groundwater

SacGW = Sacramento 

Groundwater

D = Regional Desalination 

Bear = Enlarge Lower Bear 

Reservoir

Figure	6-22	Portfolio B Meets the Need for Water over the Planning Period

Table 6-13: CLC Feedback for Portfolio B

Pros Cons
Opportunity to partner with 
others 

Requires much agency 
cooperation

Diversifies supply off 
Mokelumne River, Greatest 
diversity & flexibility

Unless cost of 
desalination & recycled 
water decrease, it is too 
expensive 

Desalination could be good 
option if it uses renewable 
energy sources and 
becomes more economical 
over time
Less dependent on 
transfers then Portfolio A

More leverage to adapt to 
population growth
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Portfolio	C		
Local	System	Reliance

Portfolio C emphasizes reliance upon a new 
increment of water storage in the EBMUD 
service area. By locating new storage capac-
ity west of the Delta, EBMUD may be able to 
lessen the impact of a prolonged interruption of 
its Sierra supply that would result from damage 
to the aqueduct system from floods, levee 
failures or earthquakes. This portfolio consists 
of a 15 percent rationing level, 37 MGD of 
conservation, 5 MGD of recycled water, and 
a single supplemental supply project: devel-
opment of Buckhorn Canyon Reservoir (see 
Table 6-14). 

The Buckhorn Canyon Reservoir component 
would involve constructing an earth fill dam, cre-
ating a “terminal” reservoir at Buckhorn Canyon, 
north of the Castro Valley community. The 
capacity of a new reservoir in Buckhorn Canyon 
(similar in layout and concept to a project as 
originally conceived in the 1980s) is 143,000 
AF. Figure 6-10 shows the inundation area of 
the new reservoir. The reservoir would be oper-
ated continuously during times of drought, and 
would provide up to 43 MGD in each dry year, 
for up to three consecutive dry years.

The estimated dates when the Portfolio C 
components would be online are shown in 
Table 6-14. If drought conditions were to occur 
between years 2011 and 2019, before the 
projected in-service date for Buckhorn Canyon 
Reservoir, a temporary shortfall would be 
met by rationing at a maximum of 25 percent 
Districtwide. Portfolio C places total reliance 
on Buckhorn Canyon Reservoir permitting, 
constructing, and filling by 2020 (see question 
mark on Figure 6-24).

Figure 6-24 shows that with Buckhorn Canyon 
Reservoir in place, surplus water exceeds the 
Need for Water. However, the graphic depicts 
a best-case condition. Depending on the 
hydrologic circumstances, it may take several 
years to fill the new reservoir. 

Until it is filled, it could not be fully operational. 
The capacity of Buckhorn Canyon Reservoir 
is defined in large measure by the geologic 
formation of the canyon and engineering 
considerations that restrict the dam’s location. 
Moreover, the Buckhorn Canyon Reservoir 
component cannot be phased. 

Portfolio C scored very high from an opera-
tions and economic viewpoint, primarily related 
to the inclusion of the Buckhorn Canyon Res-
ervoir component (see Appendix B). 

Table 6-14: Portfolio C Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 15% 29 20101

Conservation Level C 37
Comes online throughout the 2010-2040 
planning period with the full 37 MGD 
being achieved in 2040

Recycled Water Level 2 5 Achieved by 2015

Supplemental 
Supply Buckhorn Canyon Reservoir 42 2020

1 As a practical matter, EBMUD will be unable to reduce rationing to 15 percent until it develops additional dry-year 
supplemental water supplies.

6-46  WSMP 2040 Final April 2012



Pumping and energy requirements for Port-
folio C are moderate and primarily related to 
the energy required for pumping and treating 
recycled and potable water. Total electricity 
use attributed to Portfolio C would range from 
a maximum of 145,503 MWh to a minimum of 
127,992 MWh, with a median electricity use 
of 135,315 MWh. Total greenhouse gas emis-
sions from Portfolio C would range from a 
maximum of 274 million metric tons of CO2 to a 
minimum of 241, with a median emission level 
of 255. Portfolios A, C, and E all have similar 
median greenhouse gas emissions.

Portfolio C would increase operational flexibil-
ity and reliability of the EBMUD water supply 
system, as it would extend EBMUD’s standby 
storage capacity to about one year and would 
locate a significant portion of that storage away 
from the vulnerabilities of the Delta. Providing 

additional terminal reservoir storage would allow 
for much great operational flexibility and the 
ability to store more water during the winter to 
supply summer demands. Providing additional 
dry year storage on the west side of the Delta 
at Bayside would contribute considerably to the 
District’s ability to meet the 6-month local stor-
age criterion. Portfolio C would provide approxi-
mately 359 days (12 months) of standby storage 
from May through October and 378 days (12.6 
months) of standby storage from November 
through April (based on 2040 Demand) and 
would locate a significant portion of that storage 
away from the vulnerabilities of the Sacramento 
Delta. A potential shortfall with this portfolio as 
compared with others is that it would be hard 
to find means by which other agencies beyond 
EBMUD could partner in its operation.

Figure	6-23	Portfolio C Local System Reliance
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Table 6-15: CLC Feedback for Portfolio C

Pros Cons
Optimum control in case 
of drought or seismic 
event

“Go-it-alone” strategy will 
be hard to justify in the 
future

Certainty of supply within 
District’s control

Delta-earthquake 
scenario should be dealt 
with by securing the 
aqueducts

Reliability is critical
Surface storage 
eliminates wetlands and 
habitat

On EBMUD property,  
on cooler side of District, 
provides winter storage

Buckhorn Reservoir 
still faces significant 
community opposition, 
due to construction 
traffic through residential 
neighborhood

Lowest cost to implement

Elimination	of	the	Buckhorn	Canyon		
Reservoir	Component	

While Buckhorn Canyon Reservoir would 
provide greater water supply reliability to the 
District, due to its location west of the Delta, 
its greatest constraint is the potential construc-
tion traffic that would be required on the single 
access road through a residential neighbor-
hood. In addition, there would be impacts to 
wetlands and biological resources and this 
component would provide few, if any, regional 
collaboration opportunities.

Community and environmental interest groups 
also expressed strong opposition to Buckhorn 
Canyon Reservoir development during the 
WSMP 2040 PEIR scoping process. 

As a result, the Buckhorn Canyon Reservoir 
component was eliminated from further con-
sideration following analysis of the 5 Primary 
Portfolios. 

Key	

C = Conservation 

RW = Recycled Water

Buckhorn = Buckhorn 

Canyon Reservoir
Figure	6-24	Portfolio C Meets the Need for Water over the Planning Period
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Portfolio	D	
Lower	Carbon	Footprint

Portfolio D seeks to reduce energy consumption 
and greenhouse gas emissions by increasing the 
hydroelectricity generation capacity at Pardee 
Powerhouse. In addition, Portfolio D would 
substantially reduce dry-year water demand by 
setting a 15 percent (32 MGD) Districtwide ration-
ing level. This portfolio would include 37 MGD of 
conservation, 5 MGD of recycled water, enlarge-
ment of Pardee Reservoir, and implementation 
of Bayside Groundwater Project Phase 2 (see 
Figure 6-25 and Table 6-16). The estimated 
dates for when the components would be online 
are shown in Table 6-16.

Portfolio D includes only a Mokelumne River 
source of supplemental supply. However, it 
should be noted that the FRWP pre-treatment 
facility would be required for this portfolio to 
address water quality issues. Under this sce-
nario, the FRWP is not activated in the first year 
of the Drought Planning Sequence if the existing 
500 TAF trigger is utilized and therefore, a large 
amount of Sacramento River water would be 

Table 6-16: Portfolio D Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 15% 29 20101

Conservation Level C 37
Comes online throughout the 2010-2040 
planning period with the full 37 MGD 
being achieved in 2040

Recycled Water Level 2 5 Achieved by 2015

Supplemental 
Supply

Bayside Groundwater Project 
Phase 2 9 2014

Enlarge Pardee Reservoir2 51.2 2020

1 As a practical matter, EBMUD will be unable to reduce rationing to 15 percent until it develops additional dry-year 
supplemental water supplies.
2 On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 
Portfolio.

used in the last two years of the drought instead 
of being spread out over three years. This 
increase in blended-water volume would likely 
require pre-treatment.

The Enlarge Pardee Reservoir component 
included in Portfolio D is of relatively large 
scale, and construction cannot be phased, how-
ever filling and operation could be flexible. On 
April 24, 2012, the EBMUD Board removed the 
Enlarge Pardee Reservoir component from the 
WSMP 2040 Portfolio.

Bayside Groundwater Project Phase 2 is needed 
in 2015 to meet a short-term need for water 
until the Enlarge Pardee Reservoir component 
can come online (see Figure 6-26). Even with 
implementation of Bayside Groundwater Project 
Phase 2, Portfolio D may still have a shortfall 
before the enlarged Pardee Reservoir is filled 
and online. If EBMUD were to enter into benefi-
cial partnerships with Upcountry water interests, 
the full yield of the Enlarge Pardee Reservoir 
component may be shared (partnering and yield 
sharing as would be determined during the proj-
ect development stage).
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Challenges exist in getting the Portfolio D com-
ponents online at the necessary date to meet 
the Need for Water. Portfolio D places heavy 
reliance on permitting, constructing, and filling 
an enlarged Pardee Reservoir by 2020 (see 
question mark on Figure 6-26). Another chal-
lenge may be obtaining the necessary permits 
for the Enlarge Pardee Reservoir component.

Pumping and energy requirements for Port-
folio D are moderate and primarily related to 
the energy required for pumping and treating 
groundwater, recycled water, and water from 
Pardee Reservoir. Total electricity use attributed 
to Portfolio D would range from a maximum of 
128,553 MWh to a minimum of 110,207 MWh, 
with a median electricity use of 117,885 MWh. 

The Enlarge Pardee Reservoir component 
would result in a median annual increase in 
hydroelectric power generation of about 5%, 
giving Portfolio D the lowest total energy use 
and lowest median greenhouse gas emissions 
level of all the portfolios. Total greenhouse gas 
emissions from Portfolio D would range from 
a maximum of 242 million metric tons of CO2 
to a minimum of 207, with a median emission 
level of 222. 

Aside from the service-area storage cre-
ated as part of Bayside Groundwater Project 
Phase 2, the bulk of storage provided by Port-
folio D would be east of the Delta and would 
therefore not contribute to meeting EBMUD’s 
6-month local storage criterion. Portfolio D 

Figure	6-25	Portfolio D Lower Carbon Footprint

Note: On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 
Portfolio.
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Key	

C = Conservation 

RW = Recycled Water 

BGW2 = Bayside Ground-

water Phase 2 Project

Pardee = Enlarge Pardee 

Reservoir

Figure	6-26	Portfolio D Meets the Need for Water over the Planning Period

Table 6-17: CLC Feedback for Portfolio D

Pros Cons

If Portfolio D was managed properly, it could 
benefit the environment (more water for fish) 

Bayside Groundwater Project Phase 2 will be more trouble then 
you anticipate; legal challenges are not worth the 9 MGD

Meets carbon reduction issue Secure the aqueducts first, then enlarge Pardee Reservoir

Provides reserve source of supply Without EIR/details of operation are difficult to assess

Note: On April 24, 2012, the EBMUD Board removed the Enlarge Pardee Reservoir component from the WSMP 2040 
Portfolio.

would provide approximately 170 days (5.7 
months) of standby storage from May through 
October and 183 days (6.1 months) of standby 
storage from November through April based 
on 2040 Demand. 

In addition to increasing operational flexibil-
ity to meet the needs of EBMUD customers, 

Portfolio D could also provide environmental 
benefits on the Mokelumne River by provid-
ing additional cold water storage in Pardee 
Reservoir for releases. Potential concerns 
exist, such as the impact of inundation on 
recreation activities, cultural and historic 
resources, biological resources, and road  
and bridge access.
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Portfolio	E		
Recycled	Water	&	Water	Transfers

Portfolio E (Table 6-18 and Figure 6-27) 
includes a number of recycled water projects 
and a greater reliance on water transfers as 
compared with other portfolios. It includes no 
surface water projects. 

Portfolio E consists of 37 MGD of conservation 
savings, recycled water projects at the maxi-
mum 11 MGD, two groundwater projects, and 
a long-term, large, water transfer. Also, a 10 
percent rationing level would be established. 
Portfolio E would provide additional dry-year 
storage west of the Delta through the Bayside 
Groundwater Project Phase 2. This portfolio 
would also provide several opportunities for 
EBMUD to partner with other water districts.

As is the case with those portfolios that include 
non-Mokelumne sources (i.e., all alternatives 
save Portfolio C), FRWP pre-treatment facili-
ties would likely be needed to introduce such 
sources to the EBMUD raw water conveyance 
system (i.e., to address water quality / water 
treatment requirements, blending of supplies 
with Mokelumne water would not suffice). 

Beyond the proposed FRWP pre-treatment 
plant, certain components of this portfolio 
would require the use of the constructed 
FRWP facilities as well as the use of the Moke-
lumne Aqueducts. The estimated dates for 
Portfolio E components to be online are shown 
in Table 6-18.

Portfolio E would provide water to meet the 
Need for Water in all years. Figure 6-28 dis-
plays how the portfolio was modeled for cost 
analysis purposes and it shows that excess 
water would be available in some years before 
it is needed to meet the Need for Water. Water 
transfers or use of groundwater banking and 
exchange components can also be ramped 
down as needed so that the Need for Water 
is not exceeded by the supply in any given 
year. However, the flexibility of the portfolio to 
provide water in excess of what has been esti-
mated as being needed in a given year con-
tributes to the ability of the portfolio to respond 
to unknown future conditions such as global 
climate change.

Challenges to implementation of Portfolio 
E are much the same as they are for those 
alternatives that rely on non-service-area 

Table 6-18: Portfolio E Components and Project Online Dates to Meet the Need for Water

Component 
Category Level/Projects Component 

Yield (MGD) Year Online

Rationing 10% 20 20101

Conservation Level C 37
Comes online throughout the 2010-2040 
planning period with the full 37 MGD 
being achieved in 2040

Recycled Water Level 3 11 Achieved by 2020

Supplemental 
Supply

Northern California Water 
Transfers 28.5 2010

Bayside Groundwater Project 
Phase 2 9 2030

Sacramento Basin Groundwater 
Banking / Exchange 4.2 2035

1 As a practical matter, EBMUD will be unable to reduce rationing to 10 percent until it develops additional dry-year 
supplemental water supplies.
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sources of supply as well as getting compo-
nents online at the necessary date to meet 
the Need for Water. There are institutional 
and legal complexities that may be encoun-
tered. For example, finding and securing one 
or multiple water transfers up to 28.5 MGD by 
2010 may be challenging, as it requires willing 
transfer partners (see “question mark” shown 
in Figure 6-28).

Pumping and energy requirements for Port-
folio E are moderate and primarily related to 
the energy required for pumping and treating 
groundwater and recycled water. Total electric-
ity use attributed to Portfolio E would range from 
a maximum of 149,266 MWh to a minimum of 
122,884 MWh, with a median electricity use of 
134,885 MWh. Total greenhouse gas emissions 
from Portfolio E would range from a maximum of 
281 million metric tons of CO2 to a minimum of 
231, with a median emission level of 254. Portfo-

Figure	6-27	Portfolio E Recycled Water and Water Transfers

lios A, C, and E all have similar median electricity 
use and greenhouse gas emissions.

Portfolio E would increase operational flexibility 
of the EBMUD water supply system, as it would 
provide a variety of both East Bay (Bayside 
Groundwater Project Phase 2) as well as 
Upcountry projects. 

Providing additional dry year storage on the 
west side of the Delta at Bayside as well as 
increasing the amount of recycled water would 
contribute to the District’s ability to meet the 
6-month local storage criterion. Portfolio E 
would provide approximately 179 days (6.0 
months) of standby storage from May through 
October and 188 days (6.3 months) of standby 
storage from November through April based on 
2040 Demand. This portfolio would also provide 
several opportunities for EBMUD to partner with 
other Upcountry water districts.
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Figure	6-28	Portfolio E Meets the Need for Water over the Planning Period

Key	

C = Conservation 

RW = Recycled Water 

T = Transfer 

BGW2 = Bayside  

Groundwater Project Phase 2

SacGW = Sacramento  

Groundwater

Table 6-19: CLC Feedback for Portfolio E

Pros Cons
Higher levels of recycled water is direction California needs to go to 
leave more water for ecosystem purposes. EBMUD can be a pioneer 
for this.

Transfers would promote regional 
cooperation, but may be risky long-term

Using renewables to meet high energy demand would be a plus Desalination is very costly

Use water multiple times (recycling) and more wisely (conservation) 
makes the system more reliable and environmentally sustainable
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6.3.3	 WSMP	2040	Portfolio

The WSMP 2040 Portfolio is designed to be robust, flexible, 
diverse, and to pursue projects on multiple, parallel tracks in 
order to respond flexibly to an uncertain water future. Many of the 
supplemental supply and recycled water components that are pro-
posed in the WSMP 2040 have institutional or legal complexities 
or will require yet unknown amounts of time to develop, design, 
and construct. Thus, to provide flexibility and a robust strategy to 
deal with these uncertainties, as well as those relating to global cli-
mate change, an adaptable and flexible WSMP 2040 Portfolio was  
developed.

Rationing of up to 15% was chosen to allow the District flexibility 
in an emergency or to respond to the many unknown factors in the 
future. High levels of conservation (39 MGD) and recycled water 
(11 MGD) were chosen to maintain the District’s current aggres-
sive policies for overall demand management. The combination of 
rationing, conservation, and recycled water will satisfy increased 
customer demand through 2040. 

Multiple simultaneous supplemental supply components will be 
pursued on parallel tracks to provide a diverse and flexible strat-
egy to meet future water needs. The success of one component 
could result in delaying the need for additional supplemental 
supply components over the course of the planning period. Not 
all of the supplemental supply components listed above will be 
constructed as part of the WSMP 2040. The broad mix of projects, 
the inherent scalability present in several of the elements, and 
the ability to adjust implementation schedules for a particular proj-
ect or program included in WSMP 2040 help to minimize the risks 
associated with the uncertainties and development time issues 
identified above. Table 6-20 provides a summary of the capital 
cost, operating and maintenance cost, dry-year cost per acre foot, 
and energy use for each element of the WSMP 2040 Portfolio. 

A detailed description of the WSMP 2040 Portfolio is provided in  
Section 2.3, The Plan.

WSMP 2040 Portfolio Goals

Supplemental supply com-
ponents needing to keep 
rationing at a lower level and 
meeting the Need for Water in 
drought years could include:

The WSMP 2040 Portfo-
lio includes the following 
rationing, conservation, and 
recycled water goals.

Rationing of Up       
to 15%

Conservation  
Level D (39 MGD)

Recycled Water  
Level 3 (11 MGD)

Northern California 
Water Transfers

Bayside Groundwater 
Project Phase 2

Sacramento Basin 
Groundwater Banking /
Exchange

Regional Desalination

Expand Los Vaqueros  
Reservoir (160 TAF 
Expansion)

Enlarge Lower Bear 
Reservoir

San Joaquin Basin 
Groundwater Banking / 
Exchange
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Table 6-20: Summary of Capital, Operating and Maintenance, Dry Year Costs and Energy Use for 
Each WSMP 2040 Portfolio Element

Component1 Capital Cost 
(Mil. $)

O&M Cost  
($/MG)

Dry Year Cost 
per Acre Foot 

($/AF)

Energy Use  
(KWh/MG)

Conservation Level D $319.4 $474 $4,000 --

ConocoPhillips Recycled Water Project Phase 1 $39.8 -- $1,700 3,751

ConocoPhillips Recycled Water Project Phase 2 $2.9 -- $400 3,751

East Bayshore Recycled Water Project - Phase 1B 
Alameda $28.0 $987 $3,400 2,679

East Bayshore Recycled Water Project - Phase 2 
Future Expansion $9.4 $987 $2,600 2,679

Richmond Advanced Recycled Expansion (RARE) 
Water Project - Phase 2 -- $1,276 $5,606 1,400

Richmond Advanced Recycled Expansion (RARE) 
Water Project Future Expansion -- $1,221 $1,300 5,606

Reliez Valley Recycled Water Project $3.1 $2,807 $4,700 4,639

San Leandro Water Reclamation Facility Expansion 
Project - Phase 3 $16.3 $1,474 $5,300 2,509

San Ramon Valley Recycled Water Program - Phase 2 $5.0 $849 $1,600 4,265

San Ramon Valley Recycled Water Program - Phase 3 $5.5 $849 $1,900 4,265

San Ramon Valley Recycled Water Program - Phase 4 $2.5 $849 $1,600 4,265

San Ramon Valley Recycled Water Program - Phase 5 $5.4 $849 $2,700 4,265

San Ramon Valley Recycled Water Program - Phase 6 $4.0 $849 $2,900 4,265

Satellite Recycled Water Treatment Plant Project(s)2 $42.5 $574 $6,100 1,724

Lake Chabot Raw Water Expansion Project $4.7 $468 $1,800 1,051

Water Transfers3 $20.0-$200.0 $649 $630 5,217

San Joaquin Basin Groundwater Banking / Exchange $40.4 $1,051 $670 7,919

Enlarge Lower Bear Reservoir $12.1 $418 $840 3,038

Bayside Groundwater Project Phase 2 $35.4 $853 $890 4,719

Sacramento Basin Groundwater Banking / Exchange $25.0 $1,326 $1,250 8,895

Regional Desalination4 $79.3 $3,912 $1,970 11,000

1 Cost information for the 160 TAF Expand Los Vaqueros Reservoir component is not provided, as cost modeling was not 
performed as part of the revision of the WSMP 2040   
2 Four satellite projects were included in the 11 MGD level for a total of 0.71 MGD
3 Dry year yield ranging from 4.5-44.6 MGD   
4 The yield of the Regional Desalination component has been revised to 4 to 5 MGD since the 2009 WSMP 2040; however, all 
modeling results and cost estimates for this component were based on the yield assumption of 20 MGD

Source: WSMP Appendix D TM-6, sub-Appendix A: Cost Estimation Evaluation TM, September 30, 2008. 
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9  INTRODUCTION TO F9  INTRODUCTION TO FINAL EIRINAL EIR  

9.1 ORGANIZATION OF DOCUMENT 

The Final Environmental Impact Report (EIR) for the East Bayshore Recycled Water Project consists 
of the Draft EIR in Volume I and the Comment Letters and Responses to Comments in Volume II.  

This document is Volume II of the Environmental Impact Report.  This volume contains two sections 
which present the Final EIR, including the responses to comments on the January 2001 Draft EIR.  The 
two sections are: 

• 9- Introduction to the Final EIR, which includes the following subsections: 

− Organization of Document, describes the organization of the Draft and Final EIRs. 

− Public Review Process for the EIR, summarizes the public review process for the Draft 
EIR. 

− Changes in the Project Description, explains the reason for changes in the project 
description and characterizes the changes 

− Consideration of Recirculation, provides an explanation of why recirculation of the EIR is 
not required. 

• 10 - Responses to Comments, which includes the following subsections: 

− Introduction, provides information on the use of comment summaries, the format of 
responses and revisions to the Draft EIR text. 

− List of Commenters, which presents a list of all those submitting comment letters 

− Responses to Comments, which consists of the responses to each comment letter submitted on 
the Draft EIR.  

− Staff-Initiated Text Changes, which includes any revisions to text of the Draft EIR based on 
staff review since completion of the Draft EIR.  

− Comment Letters, which contains all written comments on the Draft EIR submitted to the 
District 

Editorial revisions to the Draft EIR made by the District in response comments are shown in the 
Responses to Comments.  This volume includes a revised Appendix A, Mitigation Monitoring Program, 
which reflects changes in mitigation measures resulting from comments made on the Draft EIR.  A new 
Appendix B is also included, which contains a complete list of Special Status Plant and Animal Species.  
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This information has been available for review at the District Offices, but has been included here in 
response to a comment made on the Draft EIR. 

9.2 PUBLIC REVIEW PROCESS FOR THE EIR 

The public comment period for the Draft EIR began on January 19, 2001 with an announcement of the 
availability of the Draft EIR.  The formal public comment period was closed on March 5, 2001 for a 
total review period of 45 days.  On February 26 and 27, 2001, public meetings about the Draft EIR 
were held in the District Offices in Oakland.  

A comprehensive mailing list was developed to notify potentially affected parties about the project and 
of the public comment period for the Draft EIR.  Notices of availability were sent to 1,323 individuals 
and organizations.  These included: all water customers within 200 feet of the project distribution 
pipeline; permitting agencies, local jurisdictions (planning and public works); elected officials; public 
libraries, environmental groups, homeowners groups within the affected areas; and individuals who had 
previously expressed an interest in the project.  Newspaper notification was also done for jurisdictions 
affected by the project.  The Draft EIR was distributed to all those requesting copies; 126 Draft EIRs 
were distributed to the public during the comment period.  The Draft EIR was also available for review 
on the District’s web site.   

The East Bay Municipal Utility District Board of Directors will hold a meeting on June 12, 2001 to 
consider certification of the Final EIR.  In order to certify the Final EIR, the Board must find that: 

a) the Final EIR has been completed in compliance with CEQA; and  

b) the Final EIR was presented to the decision making body of the lead agency and that 
the decision making body reviewed and considered the information contained in the 
Final EIR prior to selection of a Project (CEQA Guidelines Section 15090). 

If the District certifies the Final EIR, the District will make the final decision directing project 
implementation, and the Notice of Determination will be filed.  At the time of project selection, the 
decision-making body, that is, the East Bay Municipal Utility District Board of Directors, must consider 
the information presented in the Final EIR.  The decision makers must balance the benefits of a 
proposed alternative against its unavoidable environmental risks.  If the benefits outweigh the 
unavoidable adverse environmental effects, the adverse environmental effects may be considered 
“acceptable.”  If the Board makes such a decision, the Board must support the action by writing the 
specific reasons for approval; this is called a Statement of Overriding Considerations and it must be 
included in the record of project approval (CEQA Guidelines Section 15093).  

9.3 CHANGES IN THE PROJECT DESCRIPTION 

Since circulation of the Draft EIR, the District has identified a large new potential user in the Jack 
London Square area of Oakland.  Duke Energy is proposing to upgrade their existing power generation 
facility in Jack London Square, and has expressed interest in using recycled water for their cooling 
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towers.  Although inclusion of this user is uncertain at this point, if Duke Energy were to use recycled 
water, the total amount of recycled water provided by the project would increase from 1.9 up to 3.3 
mgd.  Because this represents a substantial increase in the amount of recycled water that might be 
delivered in the first Phase of the project, it would require some increases in the size of facilities.  The 
treatment facility would be expanded from a capacity of 2.9 mgd to 3.8 mgd.  The main pump station at 
the EBMUD Main Wastewater Treatment Plant would be expanded somewhat, with one pump 
increasing in size from 50 horsepower (hp) to 100 hp, increasing total horsepower from 675 hp to 
about 725 hp.  Pipelines would also be somewhat larger in diameter.  None of these changes is 
expected to change the extent of project impacts.  Construction of slightly larger pipelines would not 
change the construction-period impacts of noise and traffic disruption.  Facilities within the Main 
Wastewater Treatment Plant are not close to any sensitive receptors, and slightly larger facilities would 
not materially alter the less than significant impacts associated with construction and operation of the 
treatment and pumping facilities.   

9.4 CONSIDERATION OF RECIRCULATION 

If significant new information is added to an EIR after public review, the lead agency is required to 
recirculate the revised document (CEQA Guidelines Section 15088.5 and 40 CFR 1502.9).  
“Significant new information” includes, for example, a new significant environmental impact or a 
substantial increase in the severity of an impact.  New information is not considered significant unless the 
document is changed in a way that deprives the public of a meaningful opportunity to comment upon a 
substantial adverse environmental effect of the project or comment on a feasible mitigation measure that 
the proponent has declined to implement.  As noted above, the capacity of the project may be 
expanded to serve a new user, Duke Energy.   

The impacts of the revisions to the project have been evaluated, and, no impacts described as less than 
significant in the Draft EIR have been found to be significant as a result of these changes.  Also, no 
substantial increase in the severity of impacts has been identified as a result of information brought 
forward in the comments.  Recirculation of the Draft EIR was thus not deemed to be necessary.   
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APPENDIX AAPPENDIX A  MITIGATIOMITIGATION MONITORING N MONITORING 
PROGRAMPROGRAM  

INTRODUCTION 

This Chapter presents the Mitigation and Monitoring Program for the East Bayshore Recycled 
Water Project.  The mitigation measures are presented in three sections; Compliance with 
Existing Programs, Planning Measures, and Construction.  

• Section A.1 Compliance with Existing Programs.  This section presents the applicable 
federal, state, regional, county and local policies and regulations that which the Project must 
comply.   

• Section A.2 Planning Measures.  This sections contains mitigation measures that are to 
be implemented during the planning and design of each project.  These measures often 
required refinement of the final project design to accommodate particular constraints.   

• Section A.3 Construction Measures.  This section contains mitigation measures to be 
implemented prior to, during, and immediately following project construction.  These 
measures generally require the construction manager to follow certain constraints during 
construction and to repair and rehabilitate impacts resulting from construction of each project 
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A.1 COMPLIANCE WITH EXISTING PROGRAMS 

AQ-2:  Reduction of construction emissions 

 Construction activities must comply with the "Basic Control Measures" for 
dust emissions as outlined in the BAAQMD CEQA Guidelines.  These 
requirements include: 
1. Water all active construction sites at least twice daily. 

2. Cover all trucks hauling soil, sand, and other loose materials or require 
all trucks to maintain at least two feet of freeboard. 

3. Pave, apply water three times daily, or apply (non-toxic) soil stabilizers 
on all unpaved access roads, parking areas, and staging areas at 
construction sites. 

4. Sweep daily (with water sweepers) all paved access roads, parking areas 
and staging areas at construction sites. 

5. Sweep streets daily (with water sweepers) if visible soil material is 
carried onto adjacent public streets. 

Impacts Mitigated: Air quality degradation during construction 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: At start of construction 

 Complete: At completion of construction 
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A.2 PLANNING AND DESIGN MEASURES 

 
VA-2b:  Design and fencing of booster pump station 

 The booster pump station in Alameda will remain a permanent fixture after 
construction is complete and during operation of the pipeline.  Therefore, the 
booster pump station, which shall be fenced for security purposes, will also 
be constructed out of materials and designed to blend visually with the 
existing structures on the property, and with the surrounding environment. 

Impacts Mitigated: Visual impacts of booster pump station 
Lead Agency: EBMUD/City of Alameda 

Implementing Agency Contractor 
Timing: Start: During project design 

 Complete: At completion of construction 
HA-1a: Prepare a Phase I Site Assessment summarizing reported releases of hazardous materials 
within the project area prior to construction 

 A Phase I Site Assessment that summarizes the reported releases of 
hazardous materials within the project area shall be prepared prior to 
construction.  Additional investigations (e.g., Phase II Site Investigation) 
shall be performed, as necessary.  The Phase I Site Assessment may include a 
review of regulatory agency case files, a site survey of the project area and 
contacting property owners, property operators, or the lead agency providing 
oversight of the ongoing investigations or remediation to determine the site’s 
current status.  A Phase II Site Investigation (e.g., collection of soil or 
groundwater samples) shall be performed in areas where the Phase I Site 
Assessment indicates that contaminants may be present in soil or 
groundwater. .  A Phase I Site Assessment is not necessary within the FISC 
or Alameda NAS properties, which have been studied as part of ongoing 
redevelopment of the area.  However, the District shall coordinate with the 
City of Alameda and the Navy prior to construction to obtain up-to-date 
information regarding ongoing remediation activities. 

General mitigation measures are provided for potential impacts associated 
with encountering contaminated soil or groundwater media.  These 
mitigation measures address the areas of potential impacts from proposed 
construction activities. 

Impacts Mitigated: Potential exposure of workers or the public to hazards from a hazardous 
waste site 

Lead Agency: EBMUD 
Implementing Agency Contractor 

Timing: Start: Before completion of project design 
 Complete: Before completion of construction 
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GS-3:  Liquefaction protection 

 Methods to densify and solidify soil may be necessary during construction.  
Overexcavation and replacement of liquefiable soil will be viable for much of 
the pipeline construction.  Vibro-replacement or compaction grouting would 
also be effective, especially in areas of deeper excavation or trenching.  
Special foundation designs (e.g. mats or piers) may be appropriate for 
structures such as the facilities at the WWTP (treatment facilities, reservoir 
and pump station) and the booster pump station.  The crossing of the Oakland 
Inner Harbor will be directionally drilled at a depth sufficient to protect this 
section of the pipeline from liquefaction damage.  Emergency shutoff valves 
will be placed at key locations to minimize water releases in the event of pipe 
rupture, which would increase the potential for liquefaction. 

Impacts Mitigated: Potential damage to facilities due to liquefaction 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: During design 

 Complete: At completion of construction 
GS-4:  Seismic design to resist ground shaking 

 Construction of pipeline should take into account the high probability of 
strong seismic ground shaking, by incorporating design features that 
accommodate lateral movements and flexibility. Seismic shutoff valves will 
be placed at key locations to minimize water releases in the event of pipe 
rupture.  Construction of all facilities should meet UBC standards for Seismic 
Zone 4, Seismic Source Type A, and Seismic Coefficient (Ca) of 0.36 Na.  
Facilities should be  designed in accordance with the County building codes 
which incorporate the seismic design for Zone 4 provisions of the 1997 
Uniform Building Code. 

Impacts Mitigated: Potential damage due to ground shaking in an earthquake 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: During design 

 Complete: At completion of construction 
BIO-7: Wetland Protection and 404 Permit 

 Pre-construction fencing of Section 404 wetlands and waters of the United 
States is recommended at Aquatic Park in Berkeley. Its purpose is to 
eliminate any chance of inadvertent filling of jurisdictional wetlands and 
waters; particularly where micro-tunneling or jack-and-bore activities are 
proposed.  If the wetland along the north side of Main Street is affected by 
pipeline construction, the District will restore the wetland in accordance with 
the conditions of a 404 permit issued by the U.S. Army Corps of Engineers.  
Due to the low quality of this wetland it is expected that restoration of the 
existing wetland will provide sufficient mitigation. 

Impacts Mitigated: Impacts to jurisdictional wetlands and waters 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: Obtain permits during project design. 

 Complete: At completion of construction 
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HWQ-2: Protect surface water quality 

 To prevent water quality degradation during construction the District will: 
• Submit a Notice of Intent to the State Water Resources Control 

Board to have project construction activities covered under NPDES 
General Permit CAS000002 (General Permit).   

• In accordance with the terms of the General Permit, EBMUD shall 
prepare and implement a Storm Water Pollution Prevention Plan 
(SWPPP) covering all construction activities.  The SWPPP shall 
identify effective Best Management Practices (BMPs) that have 
been demonstrated to be effective in preventing storm water 
pollution caused by runoff occurring during construction.   

• Before and during storm events, EBMUD shall monitor the 
effectiveness of storm water pollution prevention BMPs at all 
construction sites.  EBMUD shall maintain all BMPs to assure that 
they remain fully effective.  EBMUD shall modify or replace BMPs 
that not found to be sufficient to prevent storm water pollution. 

To address operational water quality concerns, the District will: 
• Consider site improvements for new facilities and parking lots that 

include BMPs that are effective for preventing post-construction 
storm water pollution caused by urban runoff, including grassy 
swales and vegetated filter strips and features presented in the Bay 
Area Stormwater Management Agencies’ “Start at the Source – 
Design Manual for Stormwater Quality Protection and Site Planning 
for Urban Stream Protection”. 

Impacts Mitigated: Adverse water quality impacts from runoff from project sites after 
construction. 

Lead Agency: EBMUD 
Implementing Agency EBMUD/Contractor 

Timing: Start: During design 
 Complete: At completion of construction 
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A.3 CONSTRUCTION MEASURES 

TR-2:  Maintain access to driveways and buildings 

 Convenient access to driveways and buildings in the vicinity of work would 
be maintained as much as possible.  Advance notice of all construction 
activities would be given to property owners by mailing to both owner 
addresses and site addresses  along the pipeline route about one month in 
advance of construction.  Any access restrictions would be as brief as 
possible, and open trenches would be plated over at the end of the day to 
ensure access is available. 

Impacts Mitigated: Access impacts due to construction activities. 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: Before start of construction 

 Complete: At completion of construction 
TR-3: Traffic control plans 

 EBMUD or the contractor would submit traffic control plans at least 15 days 
prior to the start of construction.  The plan would be approved by all agencies 
having jurisdiction and would conform to the requirements of the agency 
having jurisdiction regarding traffic signs, flashing lights, barricades and 
other traffic safety devices used to control traffic.  Outside of work hours or 
when work is not in progress, roadways would be restored to normal 
operation, with all excavation backfilled or steel plated.  For all locations 
described above, where LOS would deteriorate to an unacceptable level, 
construction would need to avoid peak hours, occuring in the early morning, 
late evening or on weekends (or during midday hours between 9:00 a.m. and 
3:30 p.m. in certain mixed-use, residential or retail areas) in order to avoid 
reducing the number of travel lanes during periods of peak traffic demand.  
In addition it is recommended that construction avoid peak hours where 
crossing State Highway on-ramps and off-ramps as well as at the following 
locations, where LOS is already F: 

Roadway Segments 
• Buchanan Street (Albany) westbound – LOS E (AM) and LOS F 

(PM) from LOS C under existing conditions. 

• Gilman Street (Berkeley) westbound - LOS F (PM) from LOS D 
under existing conditions. 

• Broadway (Oakland) northbound - LOS E (AM) and LOS F (PM) 
from LOS D under existing conditions. 

• Webster Street (Alameda) northbound - LOS F (AM and PM) from 
LOS D under existing conditions. 

• 7th Street (Berkeley) northbound - LOS F (PM) under existing 
conditions 

Intersections 

3./4.Gilman Street and I-80 Ramps WB and EB (Berkeley) - LOS F 
(AM & PM) under existing conditions. 

7. Castro Street & 11th Street (Oakland) – LOS E (PM) from LOS B 
under existing conditions. 

8. .Jackson Street & 6th Street (Oakland) – LOS F (PM) under existing 
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conditions. 

10. Broadway & 5th Street (Oakland) – LOS F (AM) from LOS C under 
existing conditions. 

19. Webster Street & Atlantic Avenue (Alameda) –  LOS F (AM and 
PM) from LOS C under existing conditions. 

16. Jackson Street & 5th Street (Oakland) – LOS F (AM and PM) from 
LOS C (AM) and LOS B (PM) under existing conditions. 

 
Impacts Mitigated: Traffic delays from lane closures due to construction activities. 

Lead Agency: EBMUD 
Implementing Agency Contractor 

Timing: Start: Before start of construction 
 Complete: At completion of construction 

TR-5:  Minimizing effect of construction on transit riders.  

 Transit providers would be notified one month in advance of construction so 
they may relocate any affected bus stops, as well as notify patrons that there 
may be delays during construction and how long the construction period 
would last.  During the period of construction along these identified routes, 
bus riders would be notified by posting construction schedules informing 
riders of the potential for delays.  Information would be posted at bus stops as 
well as inside buses on these routes.  If the construction does cause 
noticeable delays, some minor revisions to bus schedules may be warranted.  
Otherwise, if it is determined that construction does not cause noticeable 
schedule delays, no additional notification or action would be necessary. 

Impacts Mitigated: Impacts to transit riders from construction activities. 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: Before start of construction 

 Complete: At completion of construction 
TR-6  Minimizing effect of construction on special activities 

 The District will take special events into consideration in scheduling of 
construction and will avoid construction in special event areas when 
activities are occurring. 

Impacts Mitigated: Disruption of special events 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: Before start of construction 

 Complete: At completion of construction 
TR-7: Minimizing traffic hazards to motor vehicles, bicyclists and pedestrians.  

 Proper plans and signage would need to be in place to direct pedestrians and 
bicyclists away from closed facilities and towards nearby alternative routes.  
For the select locations where two-way traffic would need to be directed over 
one travel lane, flaggers would need to be stationed to direct traffic in a safe 
and efficient manner.  Bicycle organizations such as the East Bay Bicycle 
Coalition and BikeAlameda would be notified in advance of construction. 

Impacts Mitigated: Traffic hazards to motor vehicles, bicyclists and pedestrians. 
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Lead Agency: EBMUD 
Implementing Agency Contractor 

Timing: Start: Before start of construction 
 Complete: At completion of construction 

TR-8: Minimizing effect of loss of on-street parking. 

 A month before construction along street segments, EBMUD or the 
construction contractor would be required to post the streets on which 
construction would occur, notifying businesses, residents and visitors that 
construction would be occurring, when the construction would occur, that on-
street parking would be removed, and the duration of such removal.  During 
construction, construction worker parking and construction truck staging 
parking would be restricted to an on-site location or an off-street location 
obtained by either EBMUD or the contractor. 

Impacts Mitigated: Loss of on-street parking from construction activities. 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: Before start of construction 

 Complete: At completion of construction 
VA-2a:  Minimize visual impacts during construction 

 During the final design stage of the pipelines, staging areas s hall be located 
within the project alignment to avoid visually sensitive features such as 
parks.  Construction areas will be designed to avoid conditions that would 
result in major landform alteration or mature landscape removal and will be 
kept to a minimum operable size in order to minimize the visual impacts of 
construction areas.  Disturbance outside of the construction zone shall be 
limited and the number of staging areas kept to a minimum.  In addition, the 
impacted cities would review all construction zones and staging areas as part 
of excavation permits.  Construction zone size shall be clearly indicated on 
the final engineering drawings.  Construction will be phased to reduce 
impacts to visual quality.  Revegetation and restoration will occur in 
dis turbed park areas, specifically Aquatic Park in Berkeley.  Once the 
pipeline has been installed in such areas, the landscape shall be revegetated 
and restored to pre-construction conditions, thereby maintaining the existing 
visual quality of the area. 

Impacts Mitigated: Visual disruption during construction 
Lead Agency: EBMUD 

Implementing Agency Design Engineer/Contractor 
Timing: Start: Before start of construction 

 Complete: At completion of construction 
HA-1b: Monitor soil and groundwater during construction for evidence of hazardous waste 

 All construction activities related to the project that require excavation or 
exposure of soil in areas suspected of containing soil or groundwater 
contamination shall include monitoring by the contractor for subsurface 
contamination in compliance with the California Department of Occupational 
Safety and Health (Cal/OSHA).  This monitoring would, at a minimum, 
include visual observation by personnel with appropriate hazardous materials 
training, including 40 hours of Hazardous Waste Operations and Emergency 
Response (HAZWOPER) training as required by Cal/OSHA for workers 
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engaged in hazardous waste operations. 
Impacts Mitigated: Potential exposure of workers or the public to hazards from a hazardous 

waste site. 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: At start of construction 

 Complete: At completion of construction 
HA-1c: Containerize and test suspect soil and groundwater prior to disposal. 

 In areas where contamination of soil and groundwater is suspected, 
groundwater brought to the surface as a result of construction dewatering 
shall be contained in Baker tanks or similar containment devices.  At a 
minimum, this would allow the suspended solids associated with dewatering 
to settle out before discharge, if discharge is allowable.  Depending on the 
proximity to known contaminated plumes, and the probability of 
groundwater being contaminated based on visual or other evidence, samples 
would be collected and analyzed.  A State of California certified hazardous 
waste laboratory using EPA-approved analytical methods should perform the 
laboratory analyses.  The types of analyses should be based on the likely 
contaminant(s) and on local permitting requirements.  All discharges of 
dewatered groundwater would be subject to permitting by the Regional 
Board. 
EBMUD shall obtain any required permits and incorporate permit 
requirements in the construction documents so that permit restrictions can be 
included in contractor’s scope of work. 

All potentially contaminated materials encountered during project 
construction activities shall be evaluated in the context of applicable local, 
state and federal regulations and/or guidelines governing hazardous waste.  
All materials deemed to be hazardous shall be remediated and/or disposed of 
following applicable regulatory agency regulations and/or guidelines.  All 
evaluations, remediation, treatment and/or disposal of hazardous waste shall 
be supervised and documented by qualified hazardous waste personnel 
(having received a minimum of 40 hours HAZWOPER training). 

Impacts Mitigated: Potential exposure of workers or the public to hazards from a hazardous 
waste site 

Lead Agency: EBMUD 
Implementing Agency EBMUD/Contractor 

Timing: Start: Before start of construction 
 Complete: At completion of construction 

HA-1d: Extend construction requirements for marsh crust/subtidal areas inside of FISC Facility 
and Alameda NAS to similar areas outside of these facilities 

 The excavation contractor shall apply the same construction and waste 
management procedures in all areas where marsh crust may be encountered, 
consistent with those procedures approved in the Excavation Permit issued 
by the City of Alameda for the FISC Facility and Alameda NAS. 

Impacts Mitigated: Potential exposure of workers or the public to hazards from marsh crust 
contaminants. 

Lead Agency: EBMUD 
Implementing Agency Contractor 
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Timing: Start: At start of construction 
 Complete: At completion of construction 

HA-1e: Prepare a Construction Health and Safety Plan. 

 The excavation contractor shall prepare site-specific Health and Safety Plans 
for project sites where work will be done at known hazardous waste sites that 
have not received a notice of clean closure (i.e., where contaminants may still 
be present in soil or groundwater).  The Health and Safety Plans shall include 
at minimum, notification to construction workers of the site history with 
respect to hazardous materials, engineering controls, monitoring of the site, 
and security measures to prevent unauthorized entry to the construction site.  
Workers shall meet all Federal and State requirements for hazardous waste 
operations including current training certifications. 

Impacts Mitigated: Potential exposure of workers or the public to hazards from contaminants. 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: Before start of construction 

 Complete: Plans completed before construction begins.  Implementation 
complete at end of construction 

BIO-1.  Western burrowing owl preconstruction surveys 

 A qualified biologist will conduct western burrowing owl pre-construction 
surveys along the right-of-way and in adjacent work areas where there is no 
pavement or no existing structures to follow the protocols outlined by the 
University of California at Santa Cruz Predatory Research Group.  If owls are 
found, the project will follow the protocols outlined by the UCSC Predatory 
Research Group.  The principal elements of this protocol are: 
• one round of pre-construction surveys 

• installation of one-way doors on occupied burrows by a permitted 
wildlife biologist 

• removal of nests and eggs to a rearing facility by a permitted 
wildlife biologist 

• pre-construction fencing around occupied burrows in or near the 
project work areas 

Impacts Mitigated: Potential take of burrowing owls during construction 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: Before start of construction 

 Complete: At completion of construction 
BIO-3.  Preconstruction surveys for nesting raptors 

 Surveys will be conducted at Aquatic Park before construction starts.  If 
active nests are found all work within 500 feet of the nest will cease until a 
wildlife biologist observes fledglings leaving the nest for the season.  Trees 
with active raptor nests will be fenced with bright orange fencing and the 
perimeter cordoned off and posted until the wildlife biologists makes the 
final determination of nest occupancy. 

Impacts Mitigated: Potential disruption of nesting raptors during construction 
Lead Agency: EBMUD 
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Implementing Agency Contractor 
Timing: Start: Before start of construction 

 Complete: At completion of construction 
N-1:  Reduction of construction noise  

 The District will incorporate into contract specifications for all Project 
components the following measures 

1. WWTP Site: The following noise control measures will be implemented 
if construction occurs during the nighttime hours (as defined by the 
Oakland Noise Ordinance): 

a. Construction will comply with Oakland Noise Ordinance hourly 
and noise level limits where feasible. 

b. Pile driving activities will be prohibited during the nighttime 
hours. 

c. If construction occurs during the nighttime hours, all equipment 
will utilize best available noise control techniques (including 
mufflers, use of intake silencers, ducts, engine enclosures and 
acoustically attenuating shields or shrouds). 

d. If construction occurs during the nighttime hours, impact 
equipment (e.g., jack hammers, pavement breakers, and rock 
drills) used for project construction will be hydraulically or 
electrical powered wherever possible to avoid noise associated 
with compressed air exhaust from pneumatically powered tools. 
However, where use of pneumatically powered tools is 
unavoidable, an exhaust muffler on the compressed air exhaust 
would be used; this muffler can lower noise levels from the 
exhaust by up to about 10 dBA.  External jackets on the tools 
themselves would be used where feasible, and this could achieve 
a reduction of 5 dBA.  Quieter procedures will be used such as 
drilling rather than using impact equipment whenever feasible. 

 

2. Alameda Booster Pump Station Site: The following noise control 
measures will be implemented:  

a. Construction will comply with Alameda Noise Ordinance hourly 
limits, which prohibit construction during the nighttime hours. 

b. If planned parks adjacent to this site are developed and 
completed prior to project construction and there are passive 
recreational uses located within 200 feet of this site, trucks will 
utilize best available noise control techniques (including 
mufflers and use of intake silencers).  In addition, if pile driving 
is required, quieter procedures will be used such as pre-drilling 
holes and using engine and pneumatic exhaust controls to ensure 
that exhaust noise from pile driver engines are minimized to the 
extent feasible. 

3. Oakland Pipelines (Proposed and Alternative Routes): The following 
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noise control measures will be implemented: 

a. Pipeline alignments should be located at least 50 feet away from 
sensitive receptors wherever feasible in order to meet Oakland 
Noise Ordinance daytime construction noise limits. 

b. Pipeline sections located adjacent to residential and hotel uses 
shall be constructed during weekday daytime hours only (as 
defined by the Oakland Noise Ordinance). 

c. Where pipeline construction zones would be located within 50 
feet of school and child care facilities, pipeline construction 
activities or at least the noisier phases of construction should be 
scheduled on weekend or school vacation days to the extent 
feasible, avoiding weekday daytime hours when they are 
operation.  If construction must occur when school is in session, 
interior noise levels in classrooms shall not exceed 60 dBA to 
avoid speech interference problems.  This would allow for a 
maximum exterior noise level of 75-85 dBA at the building 
exterior, and assumes windows would remain closed.  To 
maintain construction noise below 85 dBA, a 50-foot setback 
must be maintained.  Alternatively, it may be possible for 
schools to temporarily relocate classes held in affected buildings 
to other classrooms  on campus. 

d. Construction will comply with Oakland Noise Ordinance hourly 
and noise level limits where feasible when constructing all 
pipelines. 

e. Any pile driving activities required as part of pipeline 
construction will be prohibited on weekend days and during the 
night. 

f. All equipment will utilize best available noise control techniques 
(including mufflers, use of intake silencers, ducts, engine 
enclosures and acoustically attenuating shields or shrouds). 

g. Impact equipment (e.g., jack hammers, pavement breakers, and 
rock drills) used for project construction will be hydraulically or 
electrical powered wherever possible to avoid noise associated 
with compressed air exhaust from pneumatically powered tools. 
However, where use of pneumatically powered tools is 
unavoidable, an exhaust muffler on the compressed air exhaust 
would be used; this muffler can lower noise levels from the 
exhaust by up to about 10 dBA.  External jackets on the tools 
themselves would be used where feasible, and this could achieve 
a reduction of 5 dBA.  Quieter procedures will be used such as 
drilling rather than impact equipment whenever feasible. 

h. Stationary noise sources will be located as far from sensitive 
receptors as possible.  If they must be located near existing 
receptors, they will be adequately muffled. 

i. There will be a designated complaint coordinator responsible for 
responding to noise complaints received during the construction 
phase.  The name and phone number of the complaint 
coordinator will be conspicuously posted at construction areas 
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and on all advanced notifications.  This person will be 
responsible for taking steps required to resolve complaints, 
including periodic noise monitoring, if necessary. 

j. If pile driving is required, the District will incorporate into the 
contract s pecifications the following requirements: 

• Wherever possible, sonic or vibratory pile drivers will be 
used instead of impact pile drivers (sonic pile drivers are 
only effective in some soils). If sonic or vibratory pile 
drivers are not feasible, acoustical enclosures will be 
provided as necessary to ensure that pile driving noise does 
not exceed speech interference criterion at the closest 
sensitive receptors. 

• In residential areas, pile driving will be limited to the 
daytime working hours as specified under Measure 1-1c. 

• Engine and pneumatic exhaust controls on pile drivers will 
be required as necessary to ensure that exhaust noise from 
pile driver engines are minimized to the extent feasible. 

• Where feasible, pile holes will be pre-drilled to reduce 
potential noise and vibration impacts. 

4. Alameda Pipelines: The following noise control measures will be 
implemented: 

a. Pipeline alignments should be located at least 50 feet away from 
sensitive receptors. 

b. Pile driving should be avoided within 100 feet of sensitive 
receptors. If pile driving is required, the District will incorporate 
into the contract specifications the requirements listed under 
Mitigation Measure 3j. 

c. Where pipeline alignments would be located adjacent to school 
and child care uses, construction should occur on weekend or 
school vacation days to the extent feasible, avoiding weekday 
daytime hours when they are operation. 

d. Construction will comply with Alameda Noise Ordinance hourly 
limits when constructing all pipelines, which prohibits 
construction during the nighttime hours. 

e. Feasible noise controls listed under Mitigation Measures 3e 
through 3i will be implemented. 

5. Emeryville, Berkeley, and Albany Pipelines: The following noise control 
measures will be implemented: 

a. Construction will comply with hourly limits specified in the 
Emeryville, Berkeley, and Albany Noise Ordinances (all prohibit 
nighttime construction) and noise limits contained in the 
Berkeley Noise Ordinance.  
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b. Feasible noise controls listed under Mitigation Measures 3e 
through 3i will be imp lemented if pipeline construction occurs 
within 100 feet of residential or sensitive receptors. 

c. Pipeline construction within the City of Emeryville shall be 
subject to the following conditions: 

− A sign listing a complaint manager’s name and phone 
number and construction hours will be conspicuously 
posted at construction areas and on any advanced 
notifications. 

− Construction equipment shall generate noise levels of 85 
dBA or less at 50 feet. 

− Construction activities shall be limited to weekdays 
between 7:00 a.m. and 6:00 p.m. 

− Pile driving shall be limited to weekdays between 9:00 a.m. 
and 5:00 p.m.” 

6. Jacking and Drilling Pits:  The following noise control measures will be 
implemented: 

a. Construction will comply with hourly and noise limits specified 
in the Berkeley Noise and Oakland Noise Ordinances, which 
will include prohibition of all nighttime construction as well as 
any long-term (more than 10 days) weekend/holiday 
construction activities if located less than 300 feet from a 
commercial or industrial receptor.  

b. Proposed drilling and jacking pits must be located at least 100 
feet from any commercial or industrial uses and use of rock drills 
or pneumatic equipment for more than 10 days or on 
weekends/holidays should be avoided within 150 feet of any 
commercial or industrial uses. 

d. Feasible noise controls listed under Mitigation Measures 3e 
through 3i will be implemented. 

 
Impacts Mitigated: Construction noise 

Lead Agency: EBMUD 
Implementing Agency Contractor 

Timing: Start: Before start of construction 
 Complete: At completion of construction 

CR-1: Protection of historic and archaeological resources 

 No further pre -construction archaeological investigations are recommended 
for the project area.  However, because of the potential for discovering 
pockets of cultural deposits (including evidence of human burials) within the 
alignment (or because of the extremely high archaeological sensitivity of the 
locale), it is recommended that all pipeline trenching at the following 
locations be monitored by a qualified archaeologist and Native American of 
Ohlone/Costanoan affiliation: 

• University Avenue/Second Street Alignment (Berkeley) 
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• Parker Street/Seventh Street Alignment (Archaeological monitoring 
efforts recommended for prehistoric resources at this site would 
include observations for historic resources associated with the 
Carlton homeplace as well) (Berkeley) 

• Fortieth Street/Beach Street/ Horton Street/Hollis Street Alignment 
Alignment (Archaeological monitoring efforts recommended for 
prehistoric resources should also include observations for the 1850s 
homestead that may occur in this area) (Emeryville/Oakland) 

• Adeline Street, between the 880 Freeway and Eighth Street 
(Oakland) 

• Eleventh Street alignment, between Broadway and Franklin Streets 
(Oakland) 

• Embarcadero, between Webster and Alice Streets (i.e., up to one 
block from the Embarcadero and Harrison Streets intersection) 
(Oakland) 

The following sites would be monitored by a qualified archaeologist during 
pipeline trenching: 
• Middle Harbor Road Alignment, around Ferro Street, site of the 

1883 Oakland Training Wall (Oakland) 

• Foot of Adeline Street, south of Embarcadero, sites of the Boole 
Shipyard/Moore & Scott Iron Works/Moore Dry Dock Shipyard 
(Oakland) 

• West of Webster Street, particularly along the Marina Village 
Parkway and Tynan Avenue Alignments, site of the United 
Engineering Works/Union Iron Works/Bethlehem-Alameda 
Shipyard (Alameda) 

In the event that buried prehistoric cultural deposits are discovered as a result 
of the recommended archaeological monitoring program, construction work 
in the vicinity of the finds should cease until the project archaeologist, in 
consultation with the State Water Resources Control Board 
(SWRCB)/Division of Clean Water Programs Cultural Resources Officer, the 
State Historic Preservation Officer (SHPO), and the designated 
Ohlone/Costanoan Most Likely Descendant, has determined the nature, 
integrity and potential for National Register of Historic Places (NRHP) 
eligibility of the resource. 

In the context of a Federally reviewed and permitted project, the significance 
of archaeological resources is measured by the National Register of Historic 
Places (NRHP) criteria; these criteria, by which the NRHP eligibility of 
historic properties is judged, are essential because they “indicate what 
properties should be considered for protection from destruction or 
impairment’ (36CFR60.2).  Any action as part of an undertaking, that would 
affect significant cultural resources is subject to review and comment under 
Section 106 of the National Historic Preservation Act of 1966.  Historic 
properties and archaeological sites that are listed, or eligible for listing, in the 
NRHP must be preserved or otherwise managed in accordance with the 
regulations of the Advisory Council on Historic Preservation (36CFR800).  
Insignificant  cultural remains usually do not require management 
consideration unless they possess other qualities covered by the National 
Environmental Policy Act.  CEQA Guidelines for managing historically 
significant resources (Section 15064.5[a]) are generally complied with by 
meeting the Section 106 requirements. 
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Guidelines for specific strategies for the treatment of archaeological 
resources are presented in the Secretary of the Interior’s Standards and 
Guidelines for Archaeological Documentation  (48FR44734-44737).  
Mitigation programs for addressing potential impacts should be prepared 
within that context, based on specific finds, circumstances and potentials for 
NRHP eligibility. 
Essentially two mitigation strategies would be available for the EBMUD East 
Bayshore Recycled Water Project: avoidance of the resource or data retrieval 
through excavation.  Avoidance of resources would be difficult, if not 
impossible, and it is prudent to assume that excavation would probably be the 
measure implemented for mitigating impacts to NRHP eligible resources.  
All archaeological work on NRHP eligible and potentially-eligible properties 
should be conducted in accordance with Treatment of Archaeological 
Properties: A Handbook  (ACHP 1990) and Archaeology and Historic 
Preservation: the Secretary of the Interior’s Standards and Guidelines 
(48FR44716-44742).  Specific field methodologies should be developed for 
specific resources within the context of a research design/ treatment plan.  
Investigations should be performed under the supervision of experienced 
professionals whose education and experience meet or exceed the Secretary 
of the Interior’s Professional Qualifications Standards (48FR44738-44739). 

In dealing with prehistoric sites, the project sponsor and consulting 
archaeologist should ensure that all Federal and State laws and regulations 
regarding Native American concerns are strictly adhered to.  A Native 
American consultant (Most Likely Descendant) should monitor prehistoric 
archaeological excavation programs.  If human remains are encountered 
during construction, State Health and Safety Code Section 7050.5 states that 
no further disturbance shall occur until the County Coroner has made the 
necessary findings as to origin and disposition pursuant to Public Resources 
Code 5097.88. 

Upon completion of field investigations for both prehistoric and historic 
resources, comprehensive technical reports should be prepared that describe 
the archaeological project’s goals and methods, and present its findings and 
interpretations.  The report should integrate the important archaeological data 
recovered through excavation with the information gathered through archival 
research, and address relevant research considerations.  The final report(s) 
should include the following elements: executive summary; statement of 
scope; project location and setting; previous research summary; research 
goals and the strategies that guided research, testing and data recovery; field 
and lab methods; archival research; archaeological context; artifact 
descriptions; consideration of research problems and questions; conclusions 
and additional recommendations; references cited; and appendices (reports of 
technical analyzes). 
Copies of preliminary and final report(s) should be provided to the SHPO, 
SWRCB and the Historical Resources Information System, Northwest 
Information Center at Sonoma State University. 

Impacts Mitigated Loss of cultural resources  
Lead Agency: EBMUD 

Implementing Agency EBMUD/Contractor 
Timing: Start: Before start of construction 

 Complete: At completion of construction 
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CR-2: Protection of previously undiscovered archaeological resources 

 Construction crews would be briefed regarding the possibility of finding 
archaeological remains during excavation for pipelines, and would be 
informed of the required procedures in the event of such a discovery.  In the 
event that unsuspected archaeological remains are uncovered during 
construction, land alteration work in the general vicinity of the find would be 
halted and a qualified archaeologist would be consulted.  Prompt evaluations 
could then be made regarding the finds and an appropriate course of action 
could be implemented.  If prehistoric archaeological deposits are discovered, 
local Native American organizations would be consulted and involved in 
making cultural resources management decisions.  All such procedures 
would be conducted within National Historic Preservation Act Section 106 
and CEQA requirements and guidelines.  If resources are discovered, the 
treatment procedures detailed in Mitigation Measure CR-1 would be 
implemented. 

Impacts Mitigated: Impacts to previously undiscovered archaeological resources 
Lead Agency: EBMUD 

Implementing Agency Contractor 
Timing: Start: Start of Construction 

 Complete: Completion of Construction 
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